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1. Introduction

Within the vastly neglected field of aquatic mammal parasitology the endoparasite fauna of manatees,
especially the Amazonian and West African manatee has barely been studied. The number of mature
Amazonian manatees has been decreasing over the last decades and the IUCN lists them as vulnerable
emphasizing the need for science-based conservation efforts (1). The Amazonian manatee, Trichechus
inunguis, is a species within the order Sirenia which consists of two families, the Trichechidae and
Dugongidae (2). The family of the Trichechidae consists of the West African manatee, Trichechus
senegalensis (3), and the two American manatee species, the West Indian manatee, Trichechus manatus,
with its two subspecies Trichechus manatus manatus and Trichechus manatus latirostris, and the
Amazonian manatee, Trichechus inunguis (4,5). Trichechus inunguis can be found throughout the whole
Amazon Basin. Its habitat includes the Amazon River and its tributaries (6). Amazonian manatees are
endemic in Columbia, Ecuador, Peru, and Brazil, with Brazil and Colombia representing the only
countries where both Amazonian and Antillean manatees are distributed in sympatry (7). Amazonian
manatees, like all the other species of the family of the Trichechidae are fully aquatic monogastric non-
ruminant herbivores (8). Calves stay with their mothers for at least the first year of their lives drinking
lactose free milk before weaning (9). There are many factors which are responsible for the loss of
manatees worldwide with anthropogenic effects such as pollution (10), loss of habitat, dam constructions

(11) and hunting having the greatest impact (12).

Protozoan parasites have been shown to be the most prevalent parasites in all manatee species studied.
Giardia spp. and Cryptosporidium spp. have been reported in 7. inunguis from Brazil and 7. manatus
manatus in Colombia, and Brazil (13, 14). The infection frequency was the highest in Brazil. Borges et
al. (2017) hypothesized that these parasites were most likely introduced into the habitat of the studied
animals by sewage and wastewater from human civilization, adding another potential anthropogenic
effect threatening wild manatee populations (13). Three different species of the genus Eimeria have been

found in Antillean, Floridian and Amazonian manatees so far and these had the highest prevalence of



parasitic infections in both wild and captive populations (15, 16). The genus Eimeria is represented with
over 1800 different species and a vast variety of subspecies. It has been found in a broad spectrum of
mammalian and non-mammalian hosts, but in contrast to Giardia spp. and Cryptosporidium spp., they
are very host specific (17). Infections have been reported to lead to clinical symptoms due to
gastrointestinal dysfunction leading to dehydration, diarrhoea and inappetence (18). Previous studies
have shown that coccidiosis is most common in juvenile manatees (14). In general, Eimeria infections
are more frequent in younger herbivorous animals compared to older ones, since homologous
reinfections usually lead to immunological protection in adult animals (19). Eimeria has a complex life
cycle that include asexual divisions followed by sexual reproduction (20). All Eimeria species replicate
in the intestines of their hosts and shed their oocysts via faeces (21). The coccidians of the Eimeriidae
family are monoxenous and due to their high reproduction rates cause significant damage to the
intestines of their hosts, leading to acute enteritis (18). Eimeria species that were found in manatees
include Eimeria manatus and Eimeria nodulosa in faecal samples from 7. m. manatus and T. m.
latirostris (15) and Eimeria trichechi, which has only been documented in 7. inunguis from Brazil (22).

In Amazonian manatees from Peru three different Eimeriidae were characterized morphologically (23).

Metazoan parasites have only been detected in Floridian and Antillean manatees, but none have been
reported from Amazonian manatees so far (24). Since the parasitic fauna of manatees depends not only
on the manatee species or subspecies, but also on the location of the animals, it is of great importance
to investigate manatees in various regions in order to create a better overview of the parasitic diversity
in different populations. Such data will greatly improve the understanding of threats to these vulnerable

animals.

Most of the rescued animals are calves usually found motherless, injured, or are confiscated by
authorities after being kept as pets illegally (8). The most common disease of calves at rescue centres is
associated with the gastrointestinal tract. Usually showing symptoms such as diarrhoea, tenesmus,

restless swimming, constipation and inappetence (25, 26). In 2016, a case was reported showing



necrotizing enterocolitis and pneumatosis intestinalis in a calf of 7. inunguis from Brazil. This
emphasizes the need for more research to be done on enteropathogens including endoparasites of
Amazonian manatees and enteropathogenic pathogens in general to support conservation efforts (27).
Amazonian manatees are the only herbivorous marine mammals of the Amazon Basin that live in the

deep jungle, usually far away from the coastal areas (6).

This study is the first survey of endoparasites of Amazonian manatees in Peru using molecular tools. We
aimed to create more data to support conservation measures for 7. inunguis and to better understand the
potential threats for this vulnerable, but ecologically highly important species (28) of the Amazon

rainforest.
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ARTICLE INFO ABSTRACT

Keywords: Manatee populations are declining worldwide, and all currently existing species are considered vulnerable by the
Amazonian manatee IUCN. The most common problems during nurturing young Amazonian manatees, Trichechus inunguis, in rescue
C?WiinSES centres are of gastrointestinal nature leading to inappetence, diarrhoea, cachexia and even death. Endoparasites
E}:::;? wrichechi play an important role in the well-being of wildlife in captivity as well as in the wild, though information about
Parasitology relevant protozoan and metazoan endoparasites in Amazonian manatees is still scarce, Therefore, this study

Aquatic mammals aimed to find endoparasites in T. inunguis by analyzing faecal samples from 23 Amazonian manatees which were

Trichechus inunguis kept in rescue centres in the Peruvian Amazon. The samples were screened for protozoan and metazoan parasites
using coproscopical analysis and molecular tools. Out of twenty juvenile animals eleven were positive for at least
one Eimeriidae. Two morphologically different, not yet genetically described Eimeria species were identified. One
of them seems to be Eimeria trichechi which has only been described once in 1984 in Amazonian manatees from
Brazil. It was not found to lead to clinical symptoms of coccidiosis in this study. The second, Eimeria sp. Type B
was associated with clinical coccidiosis in a young Amazonian manatee, which showed gastrointestinal symp-
toms including diarrhoea, inappetence and cachexia. No other protozoan or metazoan parasite were detected in
any of the samples. The present study is the first to investigate endoparasites in Amazonian manatees using
molecular tools and is the first to identify an Eimeria species that could be associated with clinical symptoms in
T. inunguis. With information from our study rescue centres can improve monitoring of parasites more effectively
to reduce morbidity and mortality rates among rehabilitated manatees as well as improve the health status and
fitness of animals for a successful release back into the wild.

1. Introduction African manatee has barely been studied. The number of mature
Amazonian manatees has been decreasing over the last decades and the

Within the vastly neglected field of marine mammal parasitology the IUCN lists them as vulnerable (Marmaontel et al., 2016). Due their cryptic
endoparasite fauna of manatees, especially the Amazonian and West behaviour and the complexity their habitat, the river systems of the
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Amazon rainforest, the exact number of Amazonian manatees, Triche-
chus inunguis, is still unknown, emphasizing the need for science-based
conservation efforts. T. inunguis can be found throughout the whole
Amazon Basin with its habitat including the Amazon River and its
tributaries (Bonvicine et al., 2020), Amazonian manatees, like all the
other species of the family of the Trichechidae are fully aquatic mono-
gastric non ruminant herbivores (Calvimontes and Marmontel, 2022),
There are many factors which are responsible for the loss of manatees
worldwide with anthropogenic effects such as pollution (Silva Junior
et al., 2022), loss of habitat, dam constructions (Arraut et al., 2017) and
hunting having the greatest impact (Antunes et al., 2016).

Parasitology plays a crucial role in the conservation of many
terrestrial and aquatic mammals (Zatrak et al., 2022). Juvenile mana-
tees, being more vulnerable due to their developing immune systems,
are particularly susceptible to parasitic infestations which can lead to
malnutrition, anaemia, and secondary infections. Not many endopara-
sites of Amazonian manatees are known today emphasizing the need for
more research in this field to enhance conservation efforts. Until now
infections with the protozoan parasites Giardia spp. and Cryptosporidium
spp. are known from Amazonian manatees in Brazil which was reported
to lead to diarrhoea in Greater Caribbean manatees. Although clinical
symptoms have not yet been deseribed in T. inunguis (Borges et al.,
2011). It is hypothesized that these parasites were most likely intro-
duced into the habitat of the studied animals by sewage and wastewater
from human civilization, adding another potential anthropogenic effect
threatening wild manatee populations (Berges et al., 2016). Three
different species of the genus Eimeria have been found in Greater
Caribbean, Florida, and Amazonian manatees so far and these had the
highest prevalence of parasitic infections in both wild and captive
populations (Wyresdick et al., 2018; Velez et al., 2019). The genus
Eimeria is represented with over 1800 different species and a vast variety
of subspecies. It has been found in a broad spectrum of mammalian and
non-mammalian hosts, but in contrast to Giardia spp. and Cryptospo-
ridium spp., they are very host specific (Duszynski and Upton, 2001).
Infections have been reported to lead to clinical symptoms due to
gastrointestinal dysfunction leading to dehydration, diarrhoea and
inappetence in many species (Yun et al., 2000). In general, Eimeria in-
fections are more frequent in younger herbivorous animals compared to
older ones, since homologous reinfections usually lead to immunological
protection in adult animals (Hermosilla et al., 2012). All Eimeria species
replicate in the intestines of their hosts and shed their oocysts via faeces
(Kemp et al., 2013). The coccidians of the Eimeriidae family are mon-
oxenous and due to their high reproduction rates cause significant
damage to the intestines of their hosts, leading to acute enteritis (Yun
et al,, 2000). Eimeria species that were found in manatees include
Eimeria manatus and Eimeria nodulosa in faecal samples from the Greater
Caribbean manatee, Trichechus manatus manatus and the Florida mana-
tee, Trichechus manatus latirostris (Wyrosdick et al., 2018) and Eimeria
trichechi, which has only been documented in T. inunguis from Brazil
(Lainson et al., 19832), In Amazonian manatees from Peru three different
Eimeriidae were characterized morphologically (Ruiz-Pezo et al., 2024).

Metazoan parasites have not been detected in Amazonian manatees
yet, but many Trematode and Nematode species were found in Greater
Caribbean and Florida manatees (Beck and Forrester, 1988; Mignucci--
Giannoni et al., 1999; Colon-Llavina et al., 2009; Bando et al., 2013).
The parasite fauna of Greater Caribbean manatees, especially ones found
in Brazil are of great importance, since in this region the habitats of
Amazonian and Greater Caribbean manatees overlap, and hybridization
between the two species here indicates an exchange not only of genes,
but possibly also of pathogens (Oliveira Luna et al., 2021).

The digenea Pulmonicola cochleotrema of the family Opistho-
trematidae has been shown to have a high prevalence of 25-30% around
the northern part of the Caribbean, especially in populations inhabiting
the coastal waters around Florida and Puerto Rico (Beck and Forrester,
1988; Mignucci-Giannoni et al., 1999). A correlation of water salinity
and the presence of P. cochleotrema is thought to exist. Unfortunately,
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coproscopical analysis has not proven to be a reliable test to sereen for
these parasites (Carvalho et al,, 2009). In most cases, no symptoms are
described, but infections have been reported to cause rhinitis, pneu-
monia, pulmonary oedema and can even lead to death (Beck and For-
rester, 1988). The exact intermediate host is still unknown, but it is
hypothesized that infected molluscs or crustaceans living on sea grass
are ingested and are therefore able to infect manatees (Borges et al.,
2016).

Another trematode that has been reported in Greater Caribbean
manatees in the rivers Carare and San Juan in the Colombian Andean
region is Nudacotyle undicola from the superfamily of the Pronocepha-
loidae. They colonize the small intestine, but no symptoms associated
with this parasite have been reported so far (Beck and Forrester, 1988).
Intermediate hosts are also still unknown for this trematode species.

Other trematode species from the family Paramphistomoidae that
were reported from manatees are Chiorchis fabaceus and C. groschaft.
They have been documented in both, T. m. manatus and T. m. latirostris
(Bando et al., 2013). Intermediate hosts and life cycles of these parasites
are unfortunately still unknown and further studies will be needed to
better understand their parasite — host relations.

Moniligirum blairi from the family Opisthotrematidae has been
examined in Greater Caribbean and Florida manatees around Florida
and Mexico, but not further to the south (Dailey et al., 1988).

The only nematode that has been described to parasitize manatees is
Heterocheilus tunicatus from the superfamily Ascaridoidea. It has been
identified in T. m. manatus and T. m. latirostris in the Dominican Republic
and Puerto Rico. No clinical symptoms have so far been associated with
this parasite (Mignucci-Giannoni et al., 1999; Colon-Llavina et al.,
20009),

Since the parasitic fauna of manatees depends not only on the
manatee species or subspecies, but also on the location of the animals, it
is of great importance to investigate manatees in various regions in order
to create a better overview of the parasitic diversity in different pop-
ulations. Such data will greatly improve the understanding of threats to
these vulnerable animals.

Most of the rescued animals are calves usually found motherless,
injured, or are confiscated by authorities after being kept as pets illegally
(Calvimontes and Marmontel, 2022). The most common disease of
calves at rescue centres is associated with the gastrointestinal tract,
usually showing symptoms such as diarrhoea, tenesmus, restless swim-
ming, constipation and inappetence (Bossart et al., 2003; Lazzarini et al.,
2014). This emphasizes the need for more research to be done on
enteropathogens including endoparasites of Amazonian manatees and
enteropathogens in general to support conservation efforts (Neto et al.,
2016).

This study is the first survey of endoparasites of Amazonian manatees
in Peru using molecular tools. We aimed to create more data to support
conservation measures for T. inunguis and to better understand the po-
tential threats for this ecologically highly important species (Chavez
et al., 2023) of the Amazon region. With more knowledge on relevant
endoparasites and their life cycles, rescue centres can monitor and
manage parasite loads more effectively to reduce morbidity and mor-
tality rates among rehabilitated manatees as well as improve the health
status and fitness of animals for a successful release back into the wild,
since endoparasites play a significant role in the survival rates of wild
animals treated in rescue centres (Zatrak et al., 2022), Moreover, un-
derstanding the parasitic fauna in these aquatic environments aids in the
development of targeted treatment protocols and contributes to the
broader ecological knowledge necessary for the long-term conservation
of populations of Amazonian manatees.

2. Materials and methods
Faecal and blood samples were collected from 23 Amazonian man-

atees living in the Rescue Centres CREA (Centro de Rescate Amazdnico)
and RAREC (Rainforest Awareness Rescue Centre) in 2021 and 2023 in
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the surrounding area of Iquitos in the Peruvian department of Loreto. All
the animals were found injured, motherless or were confiscated in the
area around Iquitos and were kept in pools and ponds until a release
back into the wild was possible. Of the 23 manatees 20 were under 1,5
vears old and still receiving milk multiple times a day. These lived in
pools built close to the forest either alone or in small groups of three,
where the water was changed weekly, but was not filtered in any way
(Fig. 1A). The three adult manatees were kept together in a big pond
with possible contact to wildlife (Fig. 1 B).

One of the juvenile T. inunguis showed symptoms of gastrointestinal
disease including diarrhoea, low body condition score and inappetence.
The other 22 manatees were clinically healthy and did not show any
gastrointestinal symptoms. None of the animals received antiparasitic
treatment before samples were taken. All samples were collected during
routine check-ups, for which they were taken out of the pool or pond
with nets. Soon after the manatees were on land most of them started
defecating. In animals that did not defecate spontaneously, gentle
pressure was applied on their abdomen to not unnecessarily prolong
surface times. Samples were stored in 125 ml plastic containers and kept
cool at 4 °C until further diagnostics. Since previous studies had shown
that coproscopical examination was not a reliable diagnostic test to
detect infections with Pulmonicola cochleotrema, and opening the nasal
cavities was not an option in the present study, the nostrils were
inspected while the animals took a breath. Animals were screened for
typical symptoms of P. cochleotrema infections including rhinitis and
abnormal breathing sounds (Beck and Forrester, 1988; Borges et al,,
2011). Blood samples were taken from the Vena ulnaris and stored in
serum tubes until further processing to detect possible haemoparasites.
Blood smears were performed and one smear from each animal was left
unstained whereas a second one was stained with Diff-Quik before being

Fig. 1. (A) Pond where adult manatees were kept, which were sampled in the
present study. (B) Pools in which the juvenile manatees were kept in.
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examined under the microscope.

For the diagnostics of the faecal samples coproantigen-ELISAs to
detect Giardia spp. (FASTest® Giardia Strip, Megacor, Horbranz,
Austria) and Cryptosporidium spp. (FASTest® Crypto Strip, Megacor)
were initially performed. Subsequently, the samples were subjected to
the Sheather’s sedimentation, flotation (SSF)-technique using
Sheather’s sugar solution and examined by light microscopy. The sam-
ples were photographed using a digital camera.

Finally, DNA was extracted from all the faecal samples (NucleoSpin®
Soil kit, Macherey-Nagel, Diiren, Germany), and was used for PCR
analysis. And all the protocols listed in (Table 1) were performed for
every sample. All samples underwent PCR testing for Enterocytozoon sp.
with nested ITS rRNA protocol, Giardia spp. with nested p Giardin,
Cryptosporidium spp. with nested 185 RNA, Eimeria spp. with nested 188
RNA, Nematodes with ITS protocol and Trematodes using COI Neod
protocol. All protocols that were used are also described in detail in
(Table 1, Newton et al., 1998; Xiao et al., 1999; Sulaiman et al., 2004;
Tseng et al., 2014; Duscher et al., 2015; Yang et al., 2016).

After the PCRs, sequencing was performed on all positive samples
using the Sanger method (Microsynth Seqlab, Germany). Sequences
obtained in this study of Eimeria spp. were phylogenetically compared to
other sequences available at the NCBI GenBank database of Eimeria spp.
from manatees. A preliminary tree was calculated to identify a suitable
clade for the calculation of the median-joining haplotype network. The
tree was calculated based on 375 sequences (1127 nucleotide positions)
using the W-IQ-TREE web server (http://iqtree.cibiv.univie.ac.at/, Tri-
finopoulos et al., 2016). All sequences of manatees were within one
clade (see Supplements 1). The sequences were aligned and sorted using
the default option (FFT-NS-2) in MAFFT v.7.311 (Katoh and Standley,
2013), Median-joining haplotype network was calculated with Network
10.2.0.0 (Fluxus Technology Ltd., Suffolk, UK), applying the default
settings. The network was graphically prepared in Network Publisher
v.2.1.2.5 (Fluxus Technology Ltd., Suffolk, UK) and finalized with Cor-
elDRAW 2023 (Corel, Ottawa, Canada). Sequences used for analysis
were uploaded to GenBank.

3. Results

Overall, 55% (11/20) of the nursing juvenile manatees included in
the present study were found to be infected with at least one protozoan
species, whereas no infections were seen in any of the adult manatees.
None of the blood samples showed any evidence of the presence of
haemoparasites. Neither coproantigen testing, nor coproscopical ex-
amination, nor PCR showed the presence of Giardia sp. or Cryptospo-
ridium sp. in any of the samples. Coproscopical analysis and PCR testing
for detection of nematodes and trematodes were negative in all samples
as well, thus no metazoan parasites were found in any of the animals that
were sampled in this study. However, during coproscopical analysis
coccidia, more precisely members of the genus Eimeria, were found in
eleven of the twenty juvenile animals sampled in the present study.

Morphologically two different Eimeria sp. could be identified. Eimeria
sp. Type A was present in eleven of the twenty juvenile animals and had
a size of 12.59 x 11.24 pm (10.45-13.72 x 9.92-13.4). The oocyst wall
was thin, uni-layered and four ellipsoidal sporocysts could be identified
(Fig. 2B). These animals were all clinically healthy (Fiz. 2A). The second
Eimeria, Eimeria sp. Type B, was found in coproscopical analysis in
samples from one juvenile animal. It had a mean size of 17.82 x 15.68
pm (16.25-18.9 x 14.48-17.03) and had a thicker, multilayered oocyst
wall (Fig. 2D). Eimeria sp Type A and Eimeria sp. Type B were both found
in samples from this manatee which displayed gastrointestinal symp-
toms including diarrhoea, cachexia and inappetence (Fig. 2C).

DNA sequencing revealed two different haplotypes of Eimeria sp.
named EiGT Type 1 and EiGT Type 2. EiGT Type 1 was detected in 7
animals, EiGT_Type 2 was detected in 5 animals and in one animal the
sequence was too short to determine the haplotype. The gene sequences
of EiGT Type 1 and EiGT Type 2 were uploaded to GenBank database

10
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Table 1
List of PCR primers that were used for detection of endoparasites.
Pathogen Gene PCR method Primer name Sequence (5-3) Den (T°/ Ann (T*/ Ext (T°/ Cycles
time) time) time)
Enterocytozoon ITSTRNA ~ Nest 1, AL4037 GAT GGT CAT AGG GAT GAA GAG CTT 947 /455 55°/45s 72°/1min 36x
Sp. forward
Nest 1, reverse  AL4039 ACG GAT CCA AGT GAT CCT GTA TT
Nest 2, AL4038 AGG GAT GAA GAG CTT CGG CTC TG 94° /455 557/45s 72°/1min 36x
forward
Nest 2, reverse AL4040 AGT GAT CCT GTA TTA GGG ATA TT
Giardia spp. [ Giardin ~ Nest 1, P Giardin G7 AAG CCC GAC GAC CTC ACC CGC AGT 94°/30s 65°/30s 72°/1min 36x
forward GC
Nest 1, reverse [} Giardin G759 GAG GCC GCC CTG GAT CTT CGA GAC
R1 GAC
Nest 2, [} Giardin F2 GAA CGA ACG AGA TCG AGG TCC G 94°/30s 657 /308 72°/1min 36%
forward
Nest 2, reverse  J Giardin R2 CTC GAC GAG CTT CGT GTT
Pathogen Gene PCR method Primer name Sequence (537 Den (T*/ Ann (T°/ Ext (T°/ Cycles
time) time) time)
Cryptosporidium 185 RNA  Nest 1, CrySSUF1 TTC TAG AGC TAA TAC ATG CG 95°/40s 60°/40s 72°/1.5min 36x
spp. forward
Nest 1, reverse CrySSUR1 CCC ATT TCC TTC GAA ACA GGA
Nest 2, CrySSUF2 GGA AGG GTT GTA TTT ATT AGA TAA 95°/40s 557/40s 72°/1.5min 36x
forward AG
Nest 2, reverse  CrySSUR2 CTC ATA AGG TGC TGA AGG AGT A
Eimeria spp. 185 RNA Nest 1, EiGTF1 TTC ACT GGT CCC TCC GAT C 94°/30s 58°/30s 72°/30s 36x
forward
Nest 1, reverse  EiGTR1 AAC CAT GGT AAT TCT ATG G
Nest 2, EiGTF2 TTA CGC CTA CTA GGC ATT CC 94° /308 587/30s 7277305 36x
forward
Nest 2, reverse EiTR2 TGA CCT ATC AGC TTT CGA CG
Nematoda ITS forward NC5 GTA GGT GAA CCT GCG GAA GGA TCA 94°/30s 55°/40s 72°/Imin 36x
™
reverse NC2 TTA GTT TCT TTT CCT CCG C
Trematoda ol forward COINeod Fw  TTT ACT TTG GAT CAT AAG CG 95°/1min 48"/1min 72°/1min 35x%
Neod
reverse COI_Neod Rv CAA AAA AAC CAA AAC ATA TGT TGA A

Fig. 2. (A) Clinically healthy juvenile Amazonian manatee (Trichechus inunguis) infected with Eimeria cf. trichechi. (B) Eimeria cf. trichechi with thin, uni-layered
ovocyst wall, (C) Juvenile manatee with symptoms of coccidiosis, including diarrhoea, inappetence and cachexia. (D) Eimeria sp. Type B, an Eimeria with a thick
multilayered oocyst wall.
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with the accession numbers PP475141 and PP475142. The results from
the genetic sequencing were displayed in a phylogenetic network. Close
relationships were detected between the Eimeria species from the pre-
sent study and three Eimeria species that have been previously described
in Greater Caribbean manatees from northern Colombia (Fig. 3).

4. Discussion

Knowledge regarding the parasite fauna of manatees throughout the
Amazon Basin is scarce. To the best of our knowledge, the present study
is the first to use molecular tools to investigate faecal samples of Peru-
vian T. inunguis for endoparasites and the first to analyse blood samples.
‘We report eleven cases of Eimeria infections and provide two sequences
of Eimeria sp. infecting T. inunguis as well as two morphologically
different Eimeria sp. infecting juvenile Amazonian manatees.

In the present study, Eimeria cf. trichechi was found in 55% (11/20) of
the juvenile T. inunguis. It presented morphological similarities to
Eimeria trichechi, which has been reported in adult Amazonian manatees
from Brazil (Lainson et al., 1983). To our knowledge, this Eimeria species
has not been detected in a study since then. Ten of the eleven E. cf. tri-
chechi infected T. inunguis did not show any clinical symptoms of
coccidiosis. The one animal that did show gastrointestinal symptoms
including inappetence, diarrhoea and cachexia, had a co-infection with
a second Eimeria sp. Lainson et al. (1983) did not report any gastroin-
testinal symptoms in adult T. inunguis infected with E. trichechi either.
The similar morphology, and the similar size make it very likely that the
Eimeria species we found is E. trichechi or at least very closely related.
Unfortunately, no genetical sequencing has been done for E. trichechi so
far, Thus, we propose that the present study is the first to provide
genetical data on this Eimeria species and is also the first to report E. cf.
trichechi in Amazonian manatees in Peru. [t would be of great interest to
screen more T. inunguis in different regions across the Amazon Basin in
future studies for E. cf. trichechi to better understand the distribution and
possible influences these protozoans can have on juvenile and adult
Amazonian manatees not only in captivity, but also in the wild.

The second Eimeria species was sampled in a juvenile T. inunguis
which showed clinical symptoms of coccidiosis such as inappetence,
diarrhoea and cachexia. We hypothesize that the infection with this
Eimeria sp. Type B can be associated with these clinical symptoms since
this animal was the only one that showed symptoms of coccidiosis and
no other animal included in this study was positive for Eimeria sp. Type
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B. However, additional reports and studies are needed to prove that
Eimeria sp. Type B can lead to clinical coccidiosis in juvenile Amazonian
manatees, Furthermore, gastrointestinal problems are very frequent in
rescued manatee calves due to stress and feed change as well as prob-
lems with digesting milk replacer, so diarrhoea and inappetence are very
common (Calvimontes and Marmontel, 2022). Nevertheless, many
studies have already shown that Eimeria sp. infections can lead to the
previously described symptoms in many different terrestrial and aquatic
mammals. This indicates that infections with Eimeria sp. Type B could
lead to symptoms of clinical coccidiosis in juvenile Amazonian
manatees.

Previous studies in Greater Caribbean manatees have shown high
rates of coccidiosis in juvenile manatees opposed to a lower prevalence
of Eimeria in adult manatees in Colombia as well (Velez et al., 2018,
2019). Thus, our data are in agreement with these observations: 55%
(11/20) of juvenile, milk drinking, manatees tested positive for Eimeria
sp., whereas none of the adult manatees was infected with any proto-
zoan parasite. However, it is important to consider that the juvenile
animals in our study were all kept in pools where constant reinfections
of the manatees happen much more frequently than in the adult animals
that were kept in a relatively big pond, lowering the chances for re-
infections. In contrast, in another study on Amazonian manatees from
Peru 10 out of 10 animals of all ages were infected with at least one
Eimeria sp. (Ruiz-Pezo et al., 2024). Similarly, Lainson et al. (1983)
found a 64% (9/14) prevalence of E. trichechi in adult Amazonian
manatees in northern Brazil, but it is important to note that no juvenile
animals were included in that study. Nevertheless, in general, Eimeria
infections are more frequent in younger herbivorous animals compared
to older ones, since homologous reinfections usually lead to immuno-
logical protection in adult animals in (Taubert et al., 2009; Hermosilla
et al., 2012).

Additionally, by constructing a phylogenetic network with the
genetical data, that we gathered we were able to show close relations to
Eimeria species that have been found in Greater Caribbean manatees in
the rivers Carare and San Juan in northwestern Colombia. This region is
approximately 2500 km away from Iquitos, Peru where the samples
from the present study were gathered and no direct contact of manatee
populations from these regions is possible. For future studies more
genetical data of Eimeria species along the northern coast of South
America and throughout the Amazon Basin should be gathered. This
could be added to the phylogenetic network, allowing Eimeria sp.

. present study

MG652357

E. nodulosa

O mined from GenBank

Fig. 3. Median-joining haplotype network of the 188 ribosomal RNA sequences (1193 nucleotide positions) of Eimeria spp. reported from manatees (Trichechus
manatus). Circles represent haplotypes. GenBank accession numbers and species of the haplotypes are shown in the circles; white circles represent intermediate
nodes; bars on branches connecting haplotypes represent the number of substitutions.
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relations in South American manatees to be better understood and
conclusions about possible contact between different manatee pop-
ulations to be drawn. The sequences obtained in the present study
clustered between the sequences assigned to Eimeria nodulosa and an
unassigned Eimeria sp. from another study (Velez et al., 2019). This
phylogenetical close relationship makes it difficult to assign a species
solely on the basis of 185 sequences. Other genetic markers might be
better suited and morphological characterization is crucial for the
determination of species. However, it must be considered, that
co-infection might occur, even if not detected by coproscopical
examination.

No other endoparasites were found in any of the samples which could
be due to the rather small sample size of 23 animals. Similar to previous
studies in Greater Caribbean and Florida manatees, none of the faecal
samples from the 23 T. inunguis in this study were positive for Enter-
ocytozoon sp. infections (Velez et al., 2018, 2019; Wyrosdick et al., 2018;
Attademo et al., 2020). These samples were also negative for Giardia
spp. and Cryptosporidium spp. which have both been detected in free
ranging and captive Amazonian manatees in northern Brazil (Borges
et al., 2017). Even though the frequent direct contact to humans, espe-
cially considering the juvenile animals which were fed by hand using
bottles multiple times a day, would presumably lead to a higher prob-
ability of infection with such zoonotic endoparasites. A possible expla-
nation for the absence of these zoonotic protozoans in the present study
are the geographic circumstances of the areas. The population density in
these areas is much lower than in northern Brazil (Tritsch et al., 2016)
presumably leading to a lower infection pressure of zoonotic pathogens
on aquatic animals given that pollution with sewage or domestic animal
faeces can act as a pathway to infect wildlife with zoonotic parasites
(Fayer et al,, 2014), Of course, more studies must be conducted and
much more data be gathered to support such a hypothesis. Metazoan
parasites have not been found in any of the samples included in the
present study either. It is known that in wild Greater Caribbean mana-
tees the prevalence of trematode and nematode species are generally
low (Velez etal.. 2018). Furthermore, no possible intermediate hosts are
known for any potential metazoan parasites infecting Amazonian man-
atees. Therefore, it is possible that none of the animals included in the
present study had contact to potential intermediate hosts, especially
considering the captive environment in which the juvenile animals were
kept in. Even though the pond where the adult manatees were kept was
very much like their natural habitat, surrounded by lush vegetation and
dense with aquatic plants only three animals included in this study lived
there which may be too small for a sample size. Especially considering
the low prevalences of metazoan parasites in Greater Caribbean mana-
tees (Beck and Forrester, 1988; Mignucci-Giannoni et al., 1999; Velez
et al., 2019). Lastly none of the blood samples showed any evidence of
haemoparasites in Amazonian manatees in northern Peru. This is not
surprising since there are no known haemoparasites, neither from
T. manatus, nor from T. inunguis. Furthermore, no hematophagous ec-
toparasites which would be needed as vectors are known in any manatee
species.

In summary, with the present study we were able to report the first
clinical case of coccidiosis in Amazonian manatees, Furthermore, we
could provide sequence data from two Eimeriidae and were also able to
describe two morphologically different Eimeria sp., one of which, to our
knowledge, was not known before, Our study can be used as a baseline
for future studies on manatee populations in the Amazon Basin. More
research is needed especially in free ranging Amazonian manatees to
better understand the parasite fauna and their impact on manatee health
as well as the epidemiological aspects of parasitosis. It is of great
importance for conservation efforts to acquire more information on
pathogens of T. inunguis in wild and captive populations and more
interdisciplinary work is needed in favour of the One Health concept to
protect this vulnerable species.
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3. Zusammenfassung

Populationen von Manatis nehmen weltweit ab, und alle derzeit existierenden Arten werden von der
IUCN als gefdhrdet eingestuft. Der Amazonas-Manati (7richechus inunguis) ist nur spérlich erforscht,
und relevante Endoparasiten der Spezies sind kaum bekannt. Die meisten Amazonas-Manatis, die in
Wildtierauffangstationen behandelt und gepflegt werden, sind junge Tiere, wobei die hdufigsten
Probleme gastrointestinaler Natur sind, die zu verminderter Fresslust, Durchfall, Abmagerung und sogar
zum Tod fiihren kdnnen. Endoparasiten spielen eine wichtige Rolle fiir das Wohlbefinden von Wildtieren
in menschlicher Obhut sowie in wild lebenden Populationen. Diese Studie ist die erste, die Kotproben
von Amazonas-Manatis in Peru mittels molekularbiologischer Verfahren untersucht. Wir analysierten
Kotproben von 23 T. inunguis, die in Wildtierauffangstationen im Departement Loreto, Peru, gehalten
wurden und untersuchten sie auf Enterocytozoon spp., Giardia spp., Cryptosporidium spp., Eimeria spp.,
sowie intestinale Nematoden und Trematoden unter Verwendung von Koproantigen-ELISAs,
kombiniertem Flotation-Sedimentation Verfahren und molekularbiologischen Methoden. Bei 11 der 20
Jungtiere (55%) wurden Protozoen der Gattung Eimeria gefunden. In der vorliegenden Studie wurden
keine Metazoen bei keinem der untersuchten Manatis gefunden. Insgesamt wurden zwei morphologisch
unterschiedliche, genetisch noch nicht beschriebene Eimeria-Arten identifiziert. Eine von ihnen scheint
Eimeria trichechi zu sein, die bisher nur einmal bei Amazonas-Manatis in Brasilien beschrieben wurde.
Eimeria cf. trichechi Infektionen fiihrten in dieser Studie nicht zu klinischen Symptomen einer
Kokzidiose. Auch in dieser Studie konnten bei Eimeria cf. trichechi infizierten Tieren keine klinischen
Symptome gefunden werden. Die zweite Eimeria sp., hier als Eimeria sp. Type B angefiihrt, war mit
klinischen Symptomen der Kokzidiose bei einem jungen Amazonas-Manati verbunden, welches

gastrointestinale Symptome einschlieBlich Durchfall, verminderte Fresslust sowie Abmagerung zeigte.
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4. Summary

Manatee populations are declining worldwide, and all currently existing species are considered
vulnerable by the [IUCN. The Amazonian manatee, (7richechus inunguis) has barely been studied, and
information on their endoparasites is scarce. Most Amazonian manatees that are treated and nurtured in
rescue centres are juvenile animals and the most common problems are of gastrointestinal nature leading
to inappetence, diarrhoea, cachexia and even death. Endoparasites play an important role in the well-
being of wild animals in captivity as well as in wild population. The present study is the first to examine
faecal samples from Amazonian manatees in Peru using molecular tools. We investigated faecal samples
from 23 T. inunguis that were kept at rescue centres in the Loreto department, Peru and screened them
for Enterocytozoon spp., Giardia spp., Cryptosporidium spp., Eimeria spp., intestinal nematodes and
trematodes using coproantigen ELISAs, coproscopical analysis and molecular tools. In 11 of the 20
juvenile animals (55%) protozoan parasites from the genus Eimeria were found. No metazoan parasites
were documented in any of the manatees in the present study. In total two morphologically different, not
yet genetically described Eimeria species were identified. One of them seems to be Eimeria trichechi
which has only been described once in Amazonian manatees from Brazil. Eimeria cf. trichechi
infections were not found to lead to clinical coccidiosis in this study. The second Eimeria sp. was
associated with clinical symptoms of coccidiosis in a young Amazonian manatee, which showed

gastrointestinal symptoms including diarrhoea, inappetence and cachexia.

16



10.

11.

12.

13.

5. References

Marmontel M, De Souza D, Kendall S. Trichechus inunguis. The IUCN Red List of Threatened
Species 2016: €. T22102A43793736. https://dx.doi.org/10.2305/ITUCN. UK.2016-
2.RLTS.T22102A43793736.en. Accessed MARCH 2024.

Wirsing AJ, Kiszka JJ, Allen AC, Heithaus MR. Ecological roles and importance of sea cows (Order:
Sirenia): a review and prospectus. Marine Ecology Progress Series 2022; 689:191-215

Kema CANK, Kema JRK, Mombo JB, Koumba CRZ. The African Manatee (Trichechus Senegalensis,
link 1795) in the Ramsar site of Setté Cama: Case at Lake Cachimba. Ghana Journal of Geography
2023; 15:26-47

Vianna JA, Bonde RK, Caballero S, Giraldo JP, Lima RP, Clark A, Marmontel M, Morales-Vela B, De
Souza MIJ. Phylogeography, phylogeny and hybridization in trichechid sirenians: Implications for
manatee conservation. Molecular Ecology 2006; 433-447.

Marsh H, O"Shea TJ, Reynolds JE. Ecology and Conservation of Sirenia : Dugongs and Manatees.
Camebridge University Press, Camebridge, UK 2011; 230 pp.

Bonvicino CR, Viana MC, De Oliveira EHC, Emin R, Saliva Junior JS, De Sousa ME, Siciliano S.
Distribution of South American manatees, Trichechus manatus linnaeus, 1758 and T. inunguis
(natterer, 1883) (sirenia: Trichechidae). Boletimdo museu paraense emilio goeldi. Cienc. Nat. 2020; 15

Q).

Amaral RS, Marmontel M, De Souza DA, De Carvalho CC, Valdevino GCM, Guterres-Pazin M,
Mello D, Chavez.Perez HI, Da Silva VMF. Advances in the knowledge of the biology and

conservation of the Amazonian manatee (7richechus inunguis). Latin American Journal of Aquatic
Mammals 2023; 125-138.

Calvimontes J, Marmontel M. Hunting and hunters of the Amazonian manatee in a Brazilian protected
area. Lat. Am. J. Aquatic Mamm. 2022; 17 (2): 113-128.

Best RC. Foods and feeding habits of wild and captiv Sirenia. Mammal Review 1981; 3-21.

Silva Junior FJ, Ribeiro JD, Da Silva HL,, Carneiro C, De Jesus EF, Araujo UB, Lazzarini SM, Souza
AR, Simoes JS. Study of inorganic elements in different organs and tissues of Amazonian manatee
(Trichechus inunguis). Environ. Sci. Pollut. Control Ser. 2022; 29:1-10.

Arraut EM, Arraut JL, Marmontel M, Mantovani JE, Nove EM. Bottlenecks in the migration routes of
Amazonian manatees and the threat of hydroelectric dams. Acta Amazonica 2017; 47 (1): 7-18.

Antunes AP, Fewster RM, Venticinque EM, Peres CA, Levi T, Rohe F, Shepard GH. Empty forest or
emptyrivers? a century of commercial hunting in Amazonia. Sci. Adv. 2016; 2 (10), e1600936.

Borges JC, Lima D, Silva E.M, Moreira AL, Marmontel M, Carvalho VL, Amaral R, Lazzarini R,
Alves LC. Cryptosporidium spp. and Giardia sp. in aquatic mammals in northern and northeastern
Brazil. Diss of Aquatic Organisms 2017; 126 (1): 25-31.

17



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Velez J, Hirzmann J, Lange MK, Chaparro-Gutierrez JJ, Taubert A, Hermosilla C. Occurrence of
endoparasites in wild Antillean manatees (Trichechus manatus manatus) in Colombia. Parasites and
Wildlife 2018; 7 (1): 54-57.

Wyrosdick H, Chapman A, Mignucci-Giannoni A, Rivera-Perez CI, Bonde RK. Internal parasites of
the two subspecies of West Indian manatee Trichechus manatus. Dis of Aqu Org 2018; 130(2): 145-
152

Velez J, Hirzmann J, Arevalo-Gonzales K, Lange MK, Seipp A, Gartner U, Taubert A, Caballero S,
Hermonsilla C. Parasite fauna of wild Antillean manatees (Trichechus manatus manatus) of the
Andean Region, Colombia. Parasites & Vectores 2019; 183-192.

Duszynski DW, Upton SJ. Enteric Protozoans: cyclospora, Eimeria, isospora and Cryptosporidium
spp. parasitic diseases of wild mammals. Part III: Protozoans. Enteric Protozoans 2001; 416-459.
Chapter 16.

Yun CH, Lillehoj HS, Choi KD. Eimeria tenella infection induces local gamma interferon production
and intestinal lymphocyte subpopulation changes. Infect. Immun. 2000; 68 (3): 1282—1288.

Hermosilla C, Ruiz A, Taubert A. Eimeria bovis: an update on parasite-host cell interactions. Int. J.
Med. Microbiol 2012; 302 (4-5): 210-215.

Walker RA, Ferguson DJP, Miller CMD, Smith NC. Sex and Eimeria: a molecular
perspective. Parasitology 2013; 1701-1717.

Kemp LE, Yamamoto M, Soldati-Favre D. Subversion of host cellular functions by the apicomplexan
parasites. Microbiology Reviews 2013; 37 (4): 607-631.

Lainson R, Naiff RD, Best RC, Shaw JJ. Eimeria Trichechi n.Sp. From the Amazonian Manatee,
Trichechus inunguis (Mammalia: Sirenia). Systematic Parasitology. 1983;
https://doi.org/10.1007/BF00009162.

Ruiz-Pezo JW, Gottstein M, Sanchez JJ, Cachique M, Macedo FI, Reategui CT. Parasites of
amazonian manatees in a rescue centre in loreto, Peru. Mastozool. Neotrop. 2024; 1 (1), €0970.

Oliveira Luna F, Beaver CE, Nourisson C, Bonde RK, Attademo FLN, Miranda AV, Torres-Florez JP,
De Sousa GP, Passavante JZ, Hunter ME. Genetic connectivity of the west indian manatee in the
southern range and limited evidence on hybridization with amazonian manatees. Front. Mar. Sci.
2021; 7, 574455.

Bossart GD, Meisner RA, Rommel S, Ghim SJ, Jenson AB. Pathological features of the Florida
manatee cold stress syndrome. Aquat. Mamm. 2003; 29 (1): 9-17.

Lazzarini SM, Vergara-Parente JE, Ribeiro DC. Sirenia (Peixe-boi-da Amaz onia e Peixe-boi-
marinho). In: Cubas, Z.S., Silva, J.C.R., Cat™ao-Dias, J.L. (Eds.), Tratado de animais selvagens,
second ed. 2014; pp. 936-972

Neto GG, Bueno MG, Silva RO, Lobato FC, Guimaraes JP, Bossart GD, Marmontel M. Acute
necrotizing colitis with pneumatosis intestinalis in an Amazonian manatee calf. Dis. Aquat. Org. 2016;
120 (3).

18



28. Chavez WA, Torres PC, Parry L. The species-specific role of wildlife in the Amazonian food system.
Ecol. Soc. 2023; 28 (2): 28.

19



	Title
	Contents
	1.Introduction
	2.Publication
	3. Zusammenfassung
	4.Summary
	5.References

