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Abstract

The states that make up the Legal Amazon Region, which include the state of Maranhio, account for 99% of
registered cases of human malaria in Brazil. It is also believed that transmission of malaria from nonhuman primates
(NHP) to humans occurs in this region, because of current reports of seroepidemiological results from samples from
humans and NHP coexisting in the same areas. This study aimed to make morphological, serological and molecular
diagnoses of Plasmodium spp. in neotropical primates on the island of Sao Luis, state of Maranhio, Brazil. The diagnostic
techniques used were optical microscopy, the polymerase chain reaction (PCR) and the indirect immunofluorescence
assay (IFA). From June 2009 to April 2010, 70 NHP were sampled: 50 at the Wild Animal Screening Center (CETAS),
located in the municipality of Sao Luis and 20 free-living individuals that were caught in a private reserve located in the
municipality of S3o Jose de Ribamar, state of Maranhio. Under an optical microscope, 140 slides (two from each animal)
were evaluated and five animals (7.1%) were found to be positive. IFA did not detect anti-Plasmodium spp. From PCR
on the 70 animals sampled, amplified Plasmodium spp. products were observed in 13 samples, of which eight (61.5%)
were from free-living animals and five (38.5%) were from animals at CETAS.
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Resumo

Os Estados que compoem a Amazdnia Legal, entre eles o Estado do Maranhao, respondem a 99% dos casos registrados
de maldria humana no Brasil. Também se acredita que nessa regido ocorra a transmissio de maldria de primatas nio
humanos (PNH) para humanos, devido a relatos atuais de resultados soroepidemiolégicos de amostras de humanos e PNH
que coexistem nas mesmas dreas. O presente estudo objetivou realizar o diagndstico morfolégico, soroldgico e molecular
de Plasmodium spp. em primatas neotropicais na Ilha de Sao Luis, Estado do Maranhao, Brasil. Foram utilizadas como
técnicas de diagndstico: a microscopia de luz, a reagio em cadeia pela polimerase (PCR) e a imunofluorescéncia indireta
(RIFI). No periodo de junho de 2009 a abril de 2010, foram amostrados 70 PNH, sendo 50 provenientes do Centro de
Triagem de Animais Silvestres (CETAS), localizado no municipio de Sao Luis, e 20 de vida livre, capturados em reserva
particular localizada no municipio de Sao José de Ribamar, Estado do Maranhio. Foram avaliadas pela microscopia
de luz 140 lAminas (duas de cada animal), das quais cinco animais (7,1%) foram positivos. Pela RIFI nio se detectou
anticorpos anti-Plasmodium spp. Pela PCR, dos 70 animais amostrados, foi possivel observar produtos amplificados para
Plasmodium spp. em 13 amostras, das quais oito (61,5%) eram de animais de vida livre e cinco (38,5%) de CETAS.
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Introduction

Malaria is the human parasitic disease with greatest impact
on public health in tropical and subtropical areas (GUERRANT
& BLACKWOOD, 1999). Brazil records around 40% of the
cases of this disease in the Americas, and the states comprising
the Legal Amazon Region (Acre, Amazonas, Rondonia, Roraima,
Amapd, Pard, Maranhio, Mato Grosso and Tocantins) account
for 99% of the cases (WHO, 2005). In the state of Maranhio,
malaria still is the most important endemic disease, because of
the phytogeographical aspects of the pre-Amazon region and
its great proportion of rural population in relation to the urban
population. Currently, this state is responsible for approximately
1% of the cases of the disease in the Legal Amazon Region
(OLIVEIRA-PEREIRA & REBELO, 2000)

Malaria is caused by protozoa of the genus Plasmodium,
a parasite of humans and other mammals, birds and reptiles
(WARREL, 2002). Approximately 200 species are known,
among which 33 parasitize nonhuman primates of the Old and
New Worlds (EYLES, 1963; LECLERC et al., 2004). However,
in South America, only two species of Plasmodium have been
described infecting NHP nacurally (2 brasilianum and P simium)
and Brazil is currently the only country in which both species
occur (DUARTE et al., 2006). P simium has been diagnosed in
Alouatta fusca, Alouatta guariba and Brachyteles arachnoides from
areas of the Atlantic Forest biome, in southern and southeastern
Brazil. P brasilianum has a wide geographical distribution, from the
Amazon Forest of Panama to Brazil and infects all genera of NHP
of the subfamilies (PERELMAN et al., 2011) Cebinae and Atelinae
and, rarely, specimens of Callithrichinae (COATNEY etal., 1971;
DEANE, 1992). P simium and P brasilianum have genetics
and morphology similar to P vivax and P malariae, respectively
(ESCALANTE et al., 1995; ESCALANTE et al., 1998).

Due to the molecular, clinical and morphological similarities
that exist between P malariae and P, brasilianum, it is believed that
in the Americas, malaria caused by P malariae can have zoonotic
characteristics. It is considered to be the same species that parasitizes
NHP, which is called in such cases P brasilianum. Thus, the name
P malariaelbrasilianum can be accepted (FANDEUR etal., 2000).

Hence, the present study had the objective of morphologically,
serologically and molecularly identify Plasmodium spp. in blood
samples from neotropical primates at the Wild Animal Screening
Center and from the Sitio Aguahy Private Reserve, located on the
island of Sao Lufs, state of Maranhio.

Materials and Methods

Study areas and blood samples from nonhuman
primates

The activities were approved by the Animals Ethics Committee
of FCAV-UNESP (Protocol No. 020091/09) and by the Chico
Mendes Biodiversity Institute ICMBio) (license No. 23078-1).

A total of 70 blood samples from NHP individuals belonging
to the Family Cebidae (PERELMAN etal., 2011) were collected,
of which 50 were from NHP at the Wild Animal Screening Center
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(CETAS), which is located in the urban area of the municipality
of Sao Luis and 20 (18 Sapajus sp. and 02 Saimiri sciureus) were
from NHP caught in the Sitio Aguahy Private Reserve, which is
located in the rural area of the municipality of Sio José de Ribamar,
an area of environmental preservation named Guarapiranga, that
has less than 300 inhabitants.

Both municipalities are part of the island of Sio Luis, state
of Maranhio.

Blood sampling and parasitological examination

Blood sampling was performed through venipuncture of the
jugular or femoral veins of the NHE, which had previously been
anesthetized using a combination of zolazepam hydrochloride and
tiletamine hydrochloride, according to each species. The samples
collected were placed in Vacutainer® tubes containing EDTA and
in tubes without anticoagulant (in order to separate the serum), and
were transported in ice to the Immunoparasitology Laboratory of
FCAV-UNESP, where they were stored at —20 °C until processing.

Blood smear slides and thick blood smears were prepared
using blood from finger puncture, performed using a lancet on
each animal. The blood smears were fixed by means of methanol
and were stained with Giemsa (inverted slide) diluted in buffered
water for 35 minutes. The thick blood smears were pre-stained
with buffered methylene blue for five seconds and then stained
with Giemsa (Sigma-Aldrich, St. Louis, USA) for seven minutes,
as recommended by WHO (2005).

Serological test

The indirect immunofluorescence assay (IFA) was performed
using slides that had been prepared using antigens from culturing
P falciparum and human erythrocytes parasitized with P malariae
(from an infected human patient), in accordance with the technique
described by Nardin etal. (1979). For the primate samples, anti-IgG
from the rhesus monkey (Sigma-Aldrich, St. Louis, USA) was used
as the conjugate, labeled with fluorescein isothiocyanate. For the
human control serum, human anti-IgG was used (Sigma-Aldrich,
St. Louis, USA), also labeled with fluorescein isothiocyanate,
diluted as indicated by the manufacturer. The serum samples
were diluted 1:20 in phosphate-buffered solution (PBS; pH 7.2),
and 10 pL of this solution was used in each orifice of the slide,
with the antigen substrate. Positive and negative control serum
(infected and uninfected, respectively) from human patients was
included in all the tests, donated by Dr. Silvia Di Santi, of the
Superintendence for Endemic Disease Control of the State of

Sao Paulo (SUCEN).

Molecular tests

DNA extraction from the total blood of NHP was performed
using the QIAamp DNA Mini Kit (QIAGEN®, Valencia,
California, USA), in accordance with the manufacturer’s
recommendations.

PCR was performed using primers, as previously described

(RUBIO etal., 1999; KIMURA etal., 1997; SNOUNOU et al., 1993),
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using water as the negative control and DNA of 2 vivax and
P malariae, from infected patients, and DNA of P falciparum,
cultivated “in vitro”, were used as positive controls. All of the
DNA was donated by Dr. Silvia Di Santi (SUCEN).

The PCR products were subjected to 1.5% agarose gel
electrophoresis, stained with ethidium bromide and viewed under

UV light using the Chemidoc™ MP Image System (Bio Rad).

Results

Blood smear and thick blood smear

From June 2009 to April 2011, venous blood was randomly
collected from neotropical primates, 50 individuals from
CETAS-Sa0 Luis and 20 individuals captured from Sitio Aguahy
Private Reserve (Figure 1).

A total of 140 slides from the 70 sampled animals were examined,
of which 70 were blood smear slides and 70 were thick blood
smears. Out of the total number of slides evaluated by means of
examination under an optical microscope, five (7.1%) slides from
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five different animals showed the presence of Plasmodium spp.
(Figure 2). All the positive samples were from animals at CETAS:
one from the species Callithrix jacchus and the remaining four
from the species Sapajus apella.

Serological test

The 70 primate serum samples tested were not reactive to
the IFA using antigens of P falciparum, considering the initial
dilution of 1:20 as the cutoff point. Only ten samples were tested
using antigens of 22 malariae (due to the low number of slides)
and three were reactive for the dilution 1:20.

Molecular tests

Among the 70 samples tested in the three PCR protocols,
amplified products for 2 malariae were observed in 13 samples
(Figure 3) using the protocol described by Rubio et al. (1999)
and in nine samples (Figure 4) using the protocol described by
Kimura et al. (1997).
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Figure 1. Captures sites: A — Map of Maranhio state showing the Island of Sdo Luis (Maplnfo Professional 7.5 SCP); B — points showing
CETAS (Sao Luis) and Sitio Aguahy; C — distribuition of captures sites in Sitio Aguahy, Sao José de Ribamar. Source: Google Earth®.
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Out of the 13 positive samples, eight (61.5%) were from NHP
from the Sitio Aguahy Private Reserve and five (38.5%) from NHP
at CETAS. All of them were NHP of the genus Sapajus (Table 1).

Interestingly, the five samples seen to be positive through
optical microscopy did not amplify any product through PCR.

Figure 2. Plasmodium spp. in blood smear from Sapajus apella: arrows
show ring-shaped trophozoites. Immersion objective lens.
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Figure 3. Photograph of electrophoresis on 1.5% agarose gel stained
with ethidium bromide. The amplimers relate to semi-nested multiplex
PCR (RUBIO et al., 1999) for the species P malariae, P vivax and
P, falciparum. Column M: molecular tracer on scale of 100 base pairs
(Invitrogen®); column 1: positive control for 2 malariae (269 bp);
column 2: negative control; columns 3 to 10: positive samples of
Sapajus sp. (Sitio Aguahy Private Reserve); columns 11 to 15: positive
samples of Sapajus sp. (CETAS, Sio Luis).
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Figure 4. Photograph of electrophoresis on 1.5% agarose gel stained
with ethidium bromide. The amplimers showed in the picture relate
to PCR on clones of the nine positive samples, using the protocol of
Kimura et al. (1997) for Plasmodium malariae. Columns 3, 4, 7, 8,
9,10, 12, 14, 15 and 16 presented amplification of the clones 33.3,
34.3,35.2,36.2,37.3,38.3, 39.3, 40.1, 40.2 and 40.3, respectively.
Column M: molecular tracer on scale of 100 base pairs (Invitrogen®);
columns 1, 2, 5, 6, 11 and 13: clones that were not amplified.
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Table 1. Number of sampled neotropical primates in the years 2009-2011
according to the species, capture sites, gender and Plasmodium spp.
results, Sao Lufs, state of Maranhio, Brazil.

Scientific name Capture sites Gender*  Total
Aotus infulatus CETAS 1F 01
Sapajus sp. CETAS and 30 M (13) 51
Sitio Aguahy /21F (4)
Callithrix jacchus CETAS 3M (1)/2F 05
Saimiri sciureus CETAS and SM/1F 06
Sitio Aguahy
Saguinus CETAS 2M/5F 07
midas niger
Total 40M (14) 70
/30F (4)

*Numbers between brackets are Plasmodium spp. positive animals.

Discussion

The probable role of neotropical primates as reservoirs and
their role in the epidemiological chain of human malaria have been
discussed, but the natural transmission cycles from primate vectors to
humans have not yet been fully established (ARRUDA et al., 1989;
DUARTE et al., 2008; YAMASAKI et al., 2011).

Between the states composing the Legal Amazon, Maranhao
is outstanding decreasing the number of cases of malaria, since
the implementation of the Plan for Intensification of Malaria
Control Actions. But the lack of consistence in continuing the
basic actions of control and the migration within the state allowed
some outbreaks to occur, as example the 1999-2000 outbreak, in
the city of Sio Luis, and the 2000 outbreak in Sio Jose de Ribamar
(GONCALVES et al., 2009). This last one, in Guarapiranga
village, near Sitio Aguahy, is the area where NHP were captured
in this reasearch. As mentioned, this is an area of environmental
preservation, which normally receives several people on the weekends
for recreational activities such as fishing (SILVA et al., 2006). People
that visit this area for fishing or going to the beach are closely to
Sitio Aguahy Reserve, and sharing the same tracks from primates
and other animals. This region is also rich in water collections.
Inside the Guarapiranga village, there are two lakes, and Sitio
Aguahy includes mangrove area, and an artificial pound, which
serve as breeding grounds for many species of Anopheles. Also, the
type of housing, open buildings without doors or windows, favor
the free movement of the mosquito vector (SILVA et al., 2006).

In Sdo Luis the recent years outbreaks have occurred on
neighborhoods that are suffering rapid and unplanned growth, as
we mention the outbreak occurred in 2000 in a the neighborhood
called Residencial Paraiso, which has forest area and was devastated
for building houses (RIBEIRO et al., 2005). It also has flooded
areas, allowing the development of the mosquito vector. CETAS-Sao0
Luis receives animals from Sao Luis (captured in the backyard of
homes) and from within the state, many do not have a history
and come from seizure. But it is known that the majority of NHP
received by CETAS had contact with humans for a time allowing
the possibility of pathogen exchange.

Among the 70 NHP studied here, five animals were identified
through optical microscopy (blood smear and thick blood
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smear slides) as presenting Plasmodium spp., thus representing
7.1% positivity. The parasitemia rate was always low: one to five
parasites every two slides, per individual. Although the percentage
positivity was low in the present study, it was still greater than
in the majority of studies in the literature that used the same
optical microscopy technique (CHINCHILLA et al., 2006;
DUARTE et al., 2008; YAMASAKI et al., 2011). In Costa Rica,
among 104 free-living howler monkeys (Alouarta palliata) that
were studied, six primates (5.7%) showed shapes identified as
P brasilianum (CHINCHILLA et al., 2006). In Brazil, in three
different biomes (cerrado or savanna, Atlantic forest and semi-
deciduous Atlantic forest), 448 NHP were sampled, among
which P brasilianum was also identified on seven plates (1.5%)
(DUARTE et al., 2008). Moreover, in the state of Sio Paulo,
P brasilianum was diagnosed on one blood sample slide out of
a total of 50 from free-living howler monkeys (Alouatta guariba
clamitans) (YAMASAKI et al., 2011). In addition, in French
Guiana, among 214 free-living NHP that were investigated,
P brasilianum was detected through optical microscopy in ten
samples (4.7%), of which eight were from Alonatta seniculus and
two from Saguinus midas (FANDEUR et al., 2000).

Optical microscopy did not allow identification of species within
the genus Plasmodium because only one stage of development
was found (trophozoites). The identification of species through
microscopy is possible if mature blood forms are present, since
trophozoites are very similar among the different species of
Plasmodium. Additionally, this result was not surprising, because
it is known that even through optical microscopy is the reference
method and the method most applied in diagnosing Plasmodium
in humans, its sensitivity and specificity are limited by various
factors, including low parasite density SNOUNOU etal., 1993).
Since low parasitemia is common in natural infections in NHP,
this technique does not present good sensitivity and it becomes
necessary to observe all the fields of the slide. The low parasitemia of
infection with P malariae/brasilianum occurs due to the particular
characteristics of the parasite, which only invades old red blood
cells (0.1% of the total) that are close to being removed from the
circulation by the spleen. On the other hand, P vivax and P ovale
preferentially invade young red blood cells and P falciparum, red
blood cells at any evolutionary stage.

Thus, we can infer that the animals in our study may have
acquired the parasite and quickly eliminated the infection, thus
making it difficult to observe the parasite in the blood and to
detect antibodies. In this study, detection of the presence of
anti-Plasmodium antibodies was not possible in any of the serum
samples tested by means of IFA. It is important to highlight that
antigens prepared from a culture of P falciparum were used and that
while cross-reactions with other species of Plasmodium are common,
the reactivity for each species may be different. It is known that
the erythrocytic stages of Plasmodium (merozoites, trophozoites,
schizonts and gametocytes) present stage-specific antigens but that
some antigenic proteins are shared by some Plasmodium species
(DRUILHE et al., 1984), such as those that infect humans and
primates in Brazil. Thus, we infer that, possibly due to the low
quantity of antibodies present in samples, there would be a need
to prepare antigens specific for each Plasmodium species.
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Greater prevalence is obtained using the ELISA technique,
both for human and primate serum samples, because this
technique is more sensitive than IFA. In the present study, only
the IFA technique was used. Volney et al. (2002) did not observe
significant differences between these two techniques when they
studied antibodies for malaria in humans and neotropical primates
in French Guiana.

Information about the duration of anti- Plasmodium antibody
circulation and the class and subclass of reactive antibodies
(IgG1 and IgG2, among others), in studying the immune response
of neotropical primates to these protozoa, still needs to be provided.
Several authors (COHEN et al., 1974; DUARTE et al., 2007)
have attributed importance to IgE with regard to infection by
malaria, since this immunoglobulin appears at high levels during
parasitic infections in humans and primates.

Significantly greater numbers of positive results were observed
through the PCR technique, in comparison with optical microscopy.
Out of the 70 samples analyzed, 13 (18.6%) were positive in the
reactions for the genus Plasmodium in the protocol proposed by
Rubio et al. (1999) and, of these, nine samples were also positive
for this genus using the protocol described by Kimura etal. (1997).
However, the five samples (7.1%), in which Plasmodium was
identified through optical microscopy, were not positive according
to PCR. Duarte et al. (2006, 2008) also identified divergences
between the microscopy and PCR techniques in samples from
NHP. The positive results obtained from the first technique were
not confirmed from the second one. According to those authors,
this may occur when new species of Plasmodium are circulating
among Brazilian primates. Thus, the primers used were unable
to amplify these samples.

Both in the protocol described by Kimura et al. (1997) and
in the one described by Rubio et al. (1999), the species identified
was 2 malariae. The results from the present study do not diverge
from the results already described in the literature, in which
P malariae is the most widely identified species in primates in
Brazil. This highlights that this species is both molecularly and
morphologically identical to P brasilianum, the species that infects
neotropical primates (LAL et al., 1988; FANDEUR et al., 2000;
CARTER & MENDIS, 2002; LECLERC et al., 2004). These
results corroborate the results found in French Guiana, which
identified P brasilianum in 17 NHP (n = 154), through the
nested PCR, (FANDEUR et al., 2000). Moreover, in Brazil,
in a study on neotropical primates in two different biomes, the
Adlantic forest (n = 71, positivity = 12.6%) and the semi-deciduous
Atlantic forest (n = 235, positivity = 6.7%), the greatest positivity
was for 12 malariael P brasilianum: 5.6% and 5.5%, respectively
(DUARTE et al., 20006).

Recent data obtained by Bueno et al. (2013) with Amazonian
primates, assure that P malariae is the most commonly species
found in the animals belonging to this area. These authors
looked for Plasmodium in twelve different species of NHP, from
two Amazonian states (Rondonia and Amazonas), performing
19 animals samples. Using morphological characterization and
PCR, four (21%) animals were positive. Also, the authors give
an important recommendation to control the spread of malaria:
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test samples of Amazonian primates for Plasmodium before any
animal circulation.

It is also important to take into consideration that in extremely
sensitive PCR techniques, the ‘all or nothing’ phenomenon can
occur, in other words, detection of possible false positive or false
negative results. This occurs when trying to detect Plasmodium
spp. in samples with very low parasitemia, in which the amount
of DNA added to the PCR is close to the detection limit.
In these cases, it is likely that the same sample is positive a few
times and negative in other reactions (BOONMA et al., 2007).
This occurred during the present study, using the PCR protocol
proposed by Rubio et al. (1999), in which the samples MP28,
MP30 and MP37 were amplified in the first genus reaction, but
when this was repeated, there was no amplification, even using
the same DNA template. In a third reaction, the samples MP28,
MP30 and MP37 were amplified in the same way as in the first
reaction performed.

The natural behavior of neotropical primates, in which they
travel long distances, can affect the dissemination of Plasmodium
in rural or forest environments. Primates are naturally infection
of Plasmodium, and ecological imbalance may have an impact on
the public health of indigenous and rural populations, as well as
representing an even more serious complication in relation to
development of vaccines.
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