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Abstract

Amoeba that infects primates can also be found in humans and can be zoonotic. This study aims to
identify the distribution of intestinal amoeba in the wild Long-Tailed Macaque (LTM) group located at
Cot Murong, Kebun Mangga, and Tugu Zero Kilometer Monument (IZKM) in Sabang City, Aceh
Province, Indonesia. A total of 177 stool samples from 59 tails from the three LTM groups were
examined microscopically. The results of the examination confirmed seven species of intestinal amoeba,
three of which belonged to the genus Entamoeba, namely the Entamoeba histolytica/dispar/moshkovskii
complex, Entamoeba coli, Entamoeba pdlecki, and four other species from different genera, namely
lodamoeba butschlii, Blastocystis sp., Endolimax nana and Dientamoeba fragilis. The prevalence of
intestinal amoeba in wild LTM in Sabang City was 57.6% (102/177). Dientamoeba fragilis was only
found in the LTM group of Kebun Mangga. Entamoeba coli dominated the highest prevalence in all LTM
groups. The LTM group located around Cot Murong and IZKM had a higher concentration of infection
with intestinal amoeba than the Kebun Mangga location. The statistical tests showed a significant
difference between the proportions of lodamoeba butschlii, Endolimax nana and Dientamoeba fragilis,
both found in the LTM Cot Murong, Kebun Mangga, or IZKM groups. This study is the first to report
amoebic infection prevalence in the wild LTM group in Sabang City, Aceh Province. The pathogenic
amoeba that cannot be distinguished microscopically from morphologically identical amoebae needs to be
identified molecularly to identify variants and their potential as zoonotic agents.
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Introduction

The long-tailed macaque (Macaca fascicularis) is a species of primates that live in groups in the
forests, riverbanks, seasides and sometimes around human settlements [1-2]. These unprotected animals
play an essential role in transmitting various types of parasites to humans [3]. A species of endoparasites
that is often overlooked by transmission to humans is an amoebae.

Amoebae is a unicellular organism that lives in water and soil. Some of them are commensal
parasites [31]. While the others are pathogens in humans, primates, birds, reptiles, and several other
mammals potentially zoonotic, which can cause disease in animals and transmit to humans or vice versa
[4-32]. One of the amoeba pathogens in humans and primates is Entamoeba histolytica (E. histolytica)

[5]. The amoeba that causes amoebiasis infects 40-50 million people every year. About 40 - 100 thousand
of them end in death [6]. Apart from E. histolytica, other non-pathogenic amoebae can parasitize humans
and primates, such as Entamoeba dispar (E. dispar), Entamoeba moshkovskii (E. moshkovskii),
Entamoeba pélecki (E. polecki), Entamoeba nutalli (E. nutalli), Entamoeba chattoni (E. chattoni),
Entamoeba coli (E. coli), Entamoeba hartmanni (E. hartmanni), Entamoeba ecuadoriensis
(E. ecuadoriensis), E. nana (Endolimax nana), lodamoeba butschlii (I. butschlii), Blastocytis sp and
Dientamoeba fragilis (D. fragilis) [7-8]. Although some species of amoebae are not dangerous, their
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presence in vulnerable groups such as infants and children, the elderly, people with HIV AIDS and other
immunocompromised people, is often associated with the incidence of non-specific diarrhea and other
digestive disorders [9].

Distinguishing amoebic species based on differences in cell morphology is a challenge in
microscopic examination. This is because several amoebic species such as E. histolytica with E. dispar, or
E. moshkovskii have identical morphological features, so the results of this identification must be
confirmed by other identification techniques [21]. However, if not endorsed by other identification
techniques, the results of the title of the 3 species are reported as E. histolytica/dispar/moshkovskii
complex [22].

Sabang City, a city located in the outer islands of the western tip of Indonesia, has protected and
conservation forests. The existence of these forest areas makes it possible to grow and reproduce various
wild animals. One of the endemic wildlife of Sabang City is the long-tailed macaques that often come
down to residential areas and tourist attractions. The interaction of these long-tailed macaques with
humans can cause various unwanted effects, and one of these impacts is the spread of intestinal amoebae
to the environment. The spread of intestinal amoebae in the environment originating from primates,
especially macaques, has not been widely informed, so there is no specific policy regulating the
prevention of the spread of intestinal amoebae originating from primate animals. The purpose of the study
was to evaluate the distribution of intestinal amoebae in groups of wild macaques around residential areas
and tourist attractions centers in Sabang City, Aceh Province, Indonesia.

Materials and methods

Study area and research subjects

Sabang City is located at the western tip of the archipelago, which is the Point of Zero Kilometer of
the Republic of Indonesia. Sabang City area is at 95° 13'02 "-95° 22'36" east longitude and 05° 4628 "—
05° 54'-28" north latitude, is the northernmost administrative area of Indonesia, and directly borders with
neighboring countries. Namely Malaysia, Thailand and India. Administratively, Sabang City has brick
boundaries, namely the northern and eastern borders with the Malacca Strait, in the south bordering the
Bengal Strait and west bordered by the Indonesian Ocean.

Long-tailed macaques are primates of the Cercopithecoidea family that are characterized by a long-
tail that almost always exceeds the length of their head and body [14]. Macaques’ sex and age were
identified based on observations of the characteristics and behaviors. Sex differences are distinguished by
whether or not the testicles or penis is visible. The infant group characterized by a tiny body size, dark
black hair, more often attached to the mother’s body, and still being breastfed. The yearling macaques
were characterized by changes in fur resembling that of adult macaques, larger body size than babies,
very agile but always under the supervision of the mother. The juvenile macaques’ group was
characterized by a larger body size than the children, very agile, often competing with adult macaques,
unable or rarely to copulate. Adult macaques were characterized by their large body size, visible
secondary features such as mustaches and beards.

Ethical approval and inclusion criteria

This research is an epidemiological survey research using a cross-sectional design. This study has
received ethical approval from the Health Service Ethics Committee of the Medical Faculty of Syiah
Kuala University and dr. Zainoel Abidin Hospital in Banda Aceh Number: 149/EA/FK-RSUZA/2019.
The subjects in this study had met the inclusion and exclusion criteria. The inclusion criterion of this
research is a group of macaques that frequently interacts with almost every day humans, are located in 1
area, can be habituated, and can be observed. The macaques living outside the study site were the
exclusion criteria for research subjects. The study collected 59 macaques distributed in 3 different
locations: 17 in Cot Murong location, 19 in Kebun Mangga and 23 in the Zero Kilometer Monument
(IZKM). Identification of sex and age of individual macaques and groups was performed using a
concentration count technique [10]. The location data for the research sample was obtained from the
results of coordinates marking using the Global Positioning System (GPS).

Procedures

Stool samples from the macaques group were taken 3 times on different days for 10 days [11]. A
total of 177 stool samples that fell to the ground were taken with a spoon and pot aseptically. The jars
were sealed, labeled, and put in a cool box to be taken to temporary storage after collection. The samples
were transferred to a refrigerator at a temperature of minus 4 °C. After the samples were collected. All
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samples were moved back into the cold box and transported to the parasitology laboratory of the Faculty
of Veterinary Medicine, Syiah Kuala University, Banda Aceh, Indonesia.

Intestinal amoebic parasitic data in the wild MEP group were obtained from the microscopic
examination of their stool samples. Fresh wild MEP stool samples were randomly taken under the
trechouse where their group lived. To estimate how many individuals from each of the wild MEP groups
parasitized by intestinal amoebae, a pile of feces was taken by several individuals living together in the
group and collected in unique pots. To make sure the amoebae exists, this sampling is repeated 3 times on
different days. The examination is positive if the identification of samples taken on the 1%, 2™ and 3™ day
of 1,2, or all 3 are found to be amoebae.

Examination of the sample begins with screening positive samples of intestinal amoebae using the
wet mount, deposition and flotation techniques [12]. Positive samples were found in one of these
techniques, then stained with Wheatley’s trichrome staining technique [13]. The characteristics of the
amoebic cells were identified using the Olympus Binocular CX 23 Microscope and Dino-Lite Series
AM4025X digital camera microscope.

Data analysis

The research data were analyzed using descriptive statistics and inferential statistics with Microsoft
Excel 20130©, Statistical Package for the Social Sciences (SPSS) Version 26 and Quantum GIS Desktop
3.4.15. Proportion, prevalence, and distribution of amoebae data are presented descriptively in tables,
graphs and heatmap formats. Data on differences in the proportion of amoebae in each group of research
subjects were analyzed using the Chi-Square K-Sample test with a significance level of 5 %.

Results and discussion

Frequency distribution of wild long-tailed macaque

The frequency distribution of macaques in the 3 study locations shows that the macaque group
around IZKM had more group members (23 or 39 %) than the other 2 groups. Of the 3 groups, macaques
around Cot Murong had a higher proportion of females and yearling macaques than the other 2 groups
(Table 1).

Table 1 Frequency distribution of wild long-tailed macaque at the 3 study sites.

Location of wild Sex Not Adult and Age
macaque Male Female . . Kids Infants Total
o o identified n adolescent o o o
group n (%) n (%) (%)* n (%) n (%) n (%) n (%)
Cot Murong 5(28.8) 9 (53.8) 3(17.6) 8 (47.1) 6(35.3) 3(17.6) 17(28.8)
Kebun Mangga 7 (39.4) 8 (39.5) 4 (21.1) 12 (63.2) 4(21.1) 3(58) 19(32.2)
IZKM 9(339.2) 10(43.4) 4(17.4) 11 (47.8) 7(30.5) 5217 23(39.0)
Total 24 (40.7) 25(42.4) 10 (16.9) 31(52.6) 17(28.8) 11(18.6) 59 (100.0)

* Baby macaques are very small in size and are permanently attached to the mother’s stomach so that they cannot see
the penis or scrotum.

Prevalence of intestinal amoebae in wild long-tailed macaque group in Sabang City, Aceh

Province

Based on Table 2, it can be seen that in 57.6% (102/177) samples found various species of intestinal
amoeba, and based on the results of cell morphology identification, 10.7% (19/177) cells were verified as
Entamoeba histolytica/dispar/moshkovski complex, 23.2% (41/177) of amoebic cells identified as E. coli,
18.6% (33/177) cells verified as E. polecki, 7.9% (14/177) cells verified as 1. butschli, 3.4% (6/177) cells
were verified as D. fragilis, and 6.2% (11/177) cells were verified as Blastocystis sp. Based on the
pattern, the combination of amoeba species from E. coli species with E. polecki being the most common
species combination found in the amount of 5.6% (10/177) samples. While the combination of E. polecki
with Blastocytis sp. and the Entamoeba histolytica/dispar/moshkovski complex with E. nana being the
least detected amoeba species, with only one sample (06/177) each combination.

The same study previously did not report findings of intestinal amoeba, which is one of the
variables in the study of intestinal parasites in wild LTM in tourist sites in Sabang City [16]. In another
study in Indonesia, the prevalence could reach 40% [17]. These two data are very different from the
results of this study and show the same pattern as the research conducted in China [30]. Most of the
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samples examined in this study were found to be various species of intestinal amoeba, and amoeba
species from E. coli species dominated the prevalence of infection. Besides that, given the amoebic
parasites that can occur at any time, differences in climate, inspection techniques and time ranges, maybe
the factors causing these differences [23-26].

Table 2 Frequency distribution of intestinal amoebae in the wild long-tailed macaque group in Sabang
City, Aceh Province in 2020.

The number of samples be

Amoeba species and infection pattern examined (N=177) Percentage
Intestinal Amoeba 102 57,6
Single (one species of amoeba) 65 36,7
Entamoeba histolytica/dispar/moshkovski complex 19 10,7
E. coli 41 23,2
E. polecki 33 18,6
1. butschli 14 7,9
E. nana 17 9,6
D. fragilis 6 34
Blastocystis sp. 11 6,2
Multi (more than one species of amoeba) 37 20,9
E. coli with E. polecki 10 5,6
Entamoeba histolytica/dispar/moshkovski complex with 5 28
E. coli ’
E. coli with I. butschli 2 1,1
Entamoeba histolytica/dispar/moshkovski complex with

e 6 1,4
D. fragilis
E. coli with Blastocytis sp. 2 1,1
E. coli with E. nana 4 2.3
E. pélecki with Entamoeba histolytica/dispar/moshkovski 5 23
complex ’
E. polecki with L. butschli 2 1,1
E. pélecki with Blastocytis sp. 1 0,6
E. pélecki with E. nana 3 1,7
Entamoeba histolytica/dispar/moshkovski complex with 3 17
Blastocytis sp. ’
Entamoeba histolytica/dispar/moshkovski complex with 1 0.6

E. nana

Based on Table 3, it can be seen that the wild LTM group around Cot Murong had a higher
percentage of infection with intestinal amoeba compared to the other two wild LTM groups. The same
thing was also shown from the proportion analysis where at the 95% Confidence Interval (CI) the
proportion of intestinal amoeba in the LTM Cot Murong group was different from the proportion of
intestinal amoeba found in the IZKM and Kebun Mangga. The immune system is related to age and sex
[15]. Infants, children, the elderly, pregnant and lactating age groups are usually more susceptible to
illness associated with infectious diseases. Given that the composition of LTM around Cot Murong is
more in the age group of children and females, the high prevalence of intestinal amoeba in that group may
be correlated with age and sex factors.

Table 3 Frequency distribution of intestinal amoeba in wild long-tailed macaque (LTM) groups based on
sampling locations.

Wild PTM n (+) intestinal amoeba (%) Confidence Interval (CL) 95% Total
locations
Cot Murong 34 (66,7) 94,2 - 100 51
Kebun Mangga 27 (47,4) 50,6 - 75,7 57
IZKM 41 (59,4) 71,9-90,4 69

Total 118 (57,6) 744 - 86,1 177




Trends Sci. 2022; 19(1): 1717 5of8

Based on Figure 1, it can be seen that the prevalence of non-pathogenic amoeba, namely  E. coli
and E. pélecki, dominated the highest percentage in all LTM groups. Meanwhile, the amoeba of the D.
fragilis species was the lowest prevalence and was only found in the LTM group in the Cot Murong

location.
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Figure 1 Graph of intestinal amoebae prevalence in the wild long-tailed macaque group in Sabang City,
Aceh Province.

E. histolytica and D. fragilis infections are frequent health problems. E. histolytica is the only
causative agent for amoebiasis. Their invasion in the intestinal wall causes hemorrhagic dysentery, colitis.
In advanced cases, parasites can invade other organs such as the peritoneum, liver, lungs, heart, kidneys,
brain, which can be fatal [18]. D. fragilis infection can also cause gastrointestinal disturbances. The
clinical presentation of amoebic disease varies, from asymptomatic to mild and moderate symptoms.
Infected individuals usually experience changes in bowel movements, abdominal discomfort, nausea and
diarrhea [19]. Apart from E. histolytica and D. fragilis, the amoebae that parasitize the Sabang City
macaques group are non-pathogenic. However, their presence must be watched out because it can act as a
co-infection against other pathogenic agents [20].

Spread of intestinal amoebae in the wild long-tailed macaque group in Sabang City, Aceh

Province

The color concentration in the heat map illustrates the concentration of intestinal amoebae in the
location of the wild long-tailed macaque group of Sabang City. The long-tailed macaque in the Cot
Murong location and the IZKM appeared more concentrated in intestinal amoebae than the long-tailed
macaque at the Kebun Mangga location (Figure 2). This indicates that the location of Cot Murong and
IZKM have ideal environmental aspects that allow amoebae to parasitize long-tailed macaque more
easily.

Cot Murong and IZKM have almost the same characteristics, namely locations that are crowded
with people because these locations are the roads to tourist objects and tourist objects of [ZKM. The long-
tailed macaque is in these locations interacted more frequently with humans than those in Kebun Mangga
locations. The long-tailed macaque that lives side by side with humans will be easily infected with
human-originating infectious diseases or vice versa [25]. The long-tailed macaque food-seeking behavior
from human waste, the relationship between individuals and groups, may be the trigger for amoebae
being concentrated in the Cot Murong long-tailed macaque’s and IZKM.



Trends Sci. 2022; 19(1): 1717 6 of 8

Concentration of Entamocha cali

Tas Kiometes Wl Tl nesia 8
++findonesian ZeroKilometer Mafiume: % +

Concentration of Entamocba histelvtica/dispar/moskovskii complex
o ke ke mhe b

s oo

¢ L ey
Concentration of Entamocba polecki

e e b . s

Concentration of Blastocytis sp Concentration of Dientamoeba fragilis
ik & b e ko |

"..,d__ﬁ,z",.;ﬂ_k.;I..;‘“;k.k '
o e
---- - L \+
\\
\
= I8 +

4 | i
1 e a i am M
" g ! - o

Figure 2 Intestinal amoebae concentration map in the wild macaques’ group in Sabang City, Aceh
Province.

Conclusions

The prevalence of intestinal amoeba in the wild macaque group in Sabang City, Aceh Province, is
high. Most of the identified amoebae are non-pathogenic amoebae. E. histolytica, as the causative agent
for amoebiasis, was found in all groups of macaques. In contrast, D. fragilis, the causative agent for
dientamoebiasis, was only detected in the Kebun Mangga location. The location of the macaques around
Cot Murong and IZKM concentrated most types of intestinal amoeba. There were differences in the
proportion of intestinal amoebae of the species D. fragilis, E. nana and I. butschlii with the locations of
macaques around Cot Murong, Kebun Mangga and IZKM.

It is necessary to limit the interaction between humans and primates, especially wild long-tailed
macaque group in Sabang City. Restriction can be done by improving primary forests to have sufficient
habitat and food in the forest. This condition can prevent the wild long-tailed macaque group from
infiltrating residential areas. There needs to be education for tourists visiting the Sabang City area so that
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they do not provide food to the wild long-tailed macaque group because it will allow them to become
accustomed to interacting with humans.

The community and tourists around the wild macaques’ location always pay attention to hygiene
and sanitation aspects such as washing hands with running water and soap, not bringing or eating at the
wild macaques’ location. The community or tourists need to be educated so they do not provide food to
wild macaques’ because it will give wild macaques’ the opportunity to become accustomed to interacting
with humans. The government needs to pay special attention to wild macaques’ existence by limiting
interactions between wild macaques’ and humans. It is necessary to identify at the molecular level of 3
Entamoeba species that have identical morphology to differentiate between pathogenic E. histolytica and
other non-pathogenic, namely, E. dispar and E. moshkovskii. It is necessary to explore amoebae’s
phylogenetic aspects to provide information about its relationship with human isolates.
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