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Abstract

The aim of this study was to identify Plasmodium spp. in blood samples from nonhuman primates (NHPs) in the
state of Maranhio, using classical and alternative techniques for examination of human malaria. A total of 161 blood
samples from NHPs were analyzed: 141 from captive animals at a Wildlife Screening Center (CETAS) and 20 from
free-living animals in a private reserve. The techniques used were microscopy, rapid diagnostic test (RDT), Indirect
fluorescent antibody test (IFAT) and molecular techniques (semi-nested PCR, quantitative real-time PCR and LAMP).
Two serological methods (dot-ELISA and indirect ELISA) were also standardized with rhoptry protein-soluble antigen
of P falciparum and P, berghei. Trophozoite forms of Plasmodium sp. were identified on slides from five different animals.
No samples were positive through RDT and LAMP. Four samples were seropositive for 2 malariae through IFAT.
The samples showed low reactivity to ELISA. Plasmodium sp. was detected in 34.16% (55/161) of the samples using
qPCR based on the 18S rRNA gene. After sequencing, two samples showed 100% identityl to P malariae, one showed
97% identity to Plasmodium sp. ZOOBH and one showed 99% identity to 2 falciparum. PCR was shown to be the
most sensitive technique for diagnosing Plasmodium in NHP samples.

Keywords: Simian malaria, New World monkeys, Plasmodium brasilianum, Plasmodium malariae, 18S rRNA,
ZOONOoSIs.

Resumo

Neste estudo objetivamos identificar Plasmodium spp. em amostras sangue de primatas nao humanos (PNH) do estado
do Maranhio, utilizando técnicas cldssicas e alternativas para o exame da maldria humana. Foram analisadas 161 amostras
de sangue de PNH, sendo 141 de CETAS (cativeiro) e 20 de reserva particular (vida livre), utilizando microscopia, teste
de diagnéstico rdpido (RDT), imunofluorescéncia indireta (IFI) e técnicas moleculares (semi-nested PCR, PCR em tempo
real quantitativo e LAMP). Dois métodos soroldgicos (dot-ELISA e ELISA indireto) também foram padronizados com
antigenos soltveis de roptrias de P falciparum e P berghei. Formas trofozoiticas de Plasmodium sp. foram identificadas em
laminas de cinco animais diferentes. Nenhuma amostra foi positiva em TDR e LAMP. Quatro amostras foram soropositivas
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para P malariae naIF1. Os soros de PNH mostraram baixa reatividade pelo ELISA indireto. Plasmodium sp. foi detectado
em 34,16% (55/161) das amostras utilizando a qPCR baseada no gene 18S rRNA. No sequenciamento, duas amostras
mostraram identidade com P malariae (100%), uma com Plasmodium sp. ZOOBH (97%) e uma com P falciparum
(99%). A PCR mostrou ser a técnica mais sensivel para diagnésticos de Plasmodium em amostras de PNH.

Palavras-chave: Maldria simiana, macacos do Novo Mundo, Plasmodium brasilianum, Plasmodium malariae,

18S rRNA, zoonoses.

Introduction

Malaria is one of the three most important infectious diseases
in the world and is the parasitic disease accounting for the largest
number of human deaths. The disease is caused by protozoan
species of the genus Plasmodium and is transmitted by Anopheles
mosquitoes in endemic areas, such as sub-Saharan Africa, Southeast
Asia and northern Brazil (JOYNER et al., 2015; WHO, 2016).
Four species of Plasmodium mainly infect humans (2 falciparum,
P vivax, P malariae and P ovale) and at least 26 species are known
to infect non-human primates (NHPs) (AMERI, 2010).

For decades, NHPs have been used as an experimental model for
studies on human malaria, both because they are phylogenetically
close to humans and because they are sensitive to infection by
Plasmodium species that infect humans, such as P falciparum and
P vivax (JOYNER et al., 2015). In addition, NHDPs are hosts of
Plasmodium species that are genetically, morphologically and
immunogenically similar to species that cause human malaria.
For instance, P brasilianum and P simium, which affect New World
primates and are identical to 2 malariae and P vivax, respectively, can
naturally infect humans (DEANE, 1992; LALREMRUATA et al.,
2015). Plasmodium brasilianum has been identified in several
primate species of the Cebidae family (except Aotus) and, rarely, in
specimens of Saguinus midas niger (Callitrichinae, in the taxonomic
classification proposed by PERELMAN et al., 2011) in Central
and South America (DEANE, 1964; FANDEUR et al., 2000;
CHINCHILLA et al., 2006). On the other hand, P simium has
been reported in Alouatta fusca, Brachyteles arachnoides (DEANE,
1992) and Alouatta caraya (DUARTE et al., 2008), but restricted
to the Atlantic Forest in southeastern and southern Brazil, in the
states of Espirito Santo, Sao Paulo, Santa Catarina and Rio Grande
do Sul (DEANE, 1969). Both species, P, brasilianum and P simium,
may reflect a recent occurrence of zooanthropoonosis, through
lateral transmission of human Plasmodium species to New World
primates (TAZI & AYALA, 2011; LALREMRUATA etal., 2015;
BRASIL etal., 2017). In a very recent study, 2 simium was identified
in humans living near the Atlantic Forest (BRASIL et al., 2017).

Over the last eighteen years, simian malaria has been an
important threat in endemic countries, not only because of the
constant proximity of urban and wild areas around the world, but
also because of the frequency and high number of cases of human
malaria due to P knowlesi, a species of Plasmodium that is native
to Macaca fascicularis in Southeast Asia. This species is considered
to be the fifth source of human malaria (WILLIAM etal., 2013).
Protocols for its detection have already been published (SINGH
& DANESHVAR, 2013). Simian malaria in the Americas is a
complicating factor in diagnosing malaria in samples from humans
living in forest areas or from ecotourism practitioners. This is mainly
due to morphological similarity between Plasmodium species that

infect humans and non-human primates (AMERI, 2010), and
because there are no standard protocols for specific serological
and molecular diagnoses.

Finding diagnostic methods of greater sensitivity has always
been one of the most important concerns of researchers and
practitioners working with malaria, since faster diagnosis is
directly linked to treatment success (WHO, 2016). Traditionally,
morphological diagnosis of human malaria is considered to be
the gold standard, given the low cost of this technique, since
the areas at risk generally lack the infrastructure for use of more
modern techniques and the populations at risk do not receive
public healthcare (BRASIL, 2005; WHO, 2015). The sensitivity
of this technique under field conditions is up to 100 parasites per
microliter of blood (MYJAK et al., 2002). However, reading the
slides to accurately identify mixed infections is a laborious and
often difficult process (RUBIO etal., 2002), especially with the ring
stage trophozoite (AMERI, 2010; FIGUEIREDO et al., 2015).

RDT, which can be performed by any professional, has the
capacity to detect one or more species of Plasmodium spp. in a
blood sample and the result can be obtained in twenty minutes
(WHO, 2009). However, its sensitivity is similar to that one
commonly achieved by microscopy. Tests recommended by the
World Health Organization (WHO) show 95% sensitivity or
100 parasites/uL for P falciparum (WHO, 2004).

Serological tests for diagnosing malaria have been used since the
1960s. At that time, they constituted a breakthrough for diagnostic
research (BRUCE-CHWATT, 1985). The serological test used
as standard for detection of antibodies to Plasmodium spp. is the
indirect fluorescent antibody test (IFAT) reaction. On the other
hand, the ELISA test is applied for blood-group screening and
in epidemiological studies (DODERER et al., 2007). In clinical
practice, serological testing cannot be applied for diagnosing acute
malaria (DRAPER & SIRR, 1980). This limitation is due to the
antibody production time, which may take one to two weeks after
the initial infection and may only persist for three to six months
(BRUCE-CHWATT, 1985; DODERER et al., 2007).

Molecular techniques have become popular in several fields of
research, because of their sensitivity and specificity. In diagnosing
human malaria, molecular techniques can be used as methods that
are ancillary to microscopy, and for evaluating the performance
of new diagnostic tests (CICERON et al., 1999). For diagnosing
some species of simian malaria, the polymerase chain reaction
(PCR) is considered to be the best technique, both because of
its sensitivity, given that it can detect fewer than 5 parasites/pL
(GAMA et al., 2007), and because of its specificity (AMERI,
2010). The technique of isothermal amplification of DNA
(loop-mediated isothermal amplification, LAMP) also has the
advantages of high specificity and the possibility of implementing
it in the field, without previous DNA extraction (PARIDA et al.,
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2008). The technique identifies six target regions of a gene and
uses an enzyme capable of displacing the DNA strand without
the need for temperature changes (ZHANG et al., 2014).

For diagnosing simian malaria, diagnostic techniques for
human malaria are often adapted to the particularities of this type
of sample, so as to deal with the low levels of antibodies and the
low degrees of parasitemia that are observed in natural infections
due to Plasmodium spp. in New World primates In addition,
these primates present chronic infections with low degrees of
parasitemia (AMERI, 2010), independently of the primate species
or of the biome that they inhabit (CHINCHILLA et al., 2006;
FIGUEIREDO etal., 2015). Detection of Plasmodium spp. using
accurate techniques is important in projects for reintroducing
endangered species and for avoiding the risks of introduction of

pathogens (AITKEN et al., 2016).

-
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In the present study, we comparatively describe adaptations
of techniques for diagnosing human malaria that were used to
diagnose Plasmodium spp. in New World primates that were
sampled on the island of Sao Luis, state of Maranhao, Brazil.

Materials and Methods

Studly site location and blood samples from NHPs

The present study was conducted in two municipalities on
the island of Sdo Luis (Figure 1), in the state of Maranhao, in
the northeast of Brazil. Between 2009 and 2014, blood samples
were collected from NHPs (Table 1) that were being kept at the
local Wildlife Screening Center (CETAS, according to its initials
in Portuguese) (n = 141) (2°56’80” S; 44°21°01” W) and from

Google Earth

Figure 1. Map of South America highlighting Brazil and the state of Maranhao. Map of the Island of Sio Luis showing the division of the
two municipalities (Sao Luis - light blue and Sio José de Ribamar - dark blue) of the Island of Sao Luis. Satellite image of the island of Sao
Luis, where nonhuman primates blood samples were collected (CETAS and Sitio Aguahy).
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Table 1. Nonhuman primates species, common name (English and Portuguese), and local of capture.

Species Common name in English  Common name in Portuguese Local of capture* Total
Aotus infulatus night monkey Macaco-da-noite CETAS 01
Chiropotes satanas black bearded saki Cuxit CETAS 01
Sapajus spp. capuchin Macaco-prego CETAS (89) and Sitio Aguahy (17) 106
Callithrix jacchus common marmoset Sagui CETAS 19
Saimiri sciureus squirrel monkey Capijuba CETAS (21) and Sitio Aguahy (3) 24
Saguinus midas niger black-handed tamarins Soim CETAS 10

*The number in parentheses indicates the numbers of primates sampled at each capture site.

free-living NHPs in the Sitio Aguahy Private Reserve (n = 20)
(2038'76” S; 44°08'22” W). Blood samples were collected in
tubes containing EDTA, for semi-nested PCR, rapid diagnostic
test (RDT) and Loop-imediated isothermal amplification of DNA
(LAMP), and in tubes without anticoagulant for serological tests
(FIGUEIREDO et al., 2017).

The study was approved by the Ethics Committee for Animals
Use of the School of Agrarian and Veterinary Sciences (FCAV), Sao
Paulo State University (UNESP), Jaboticabal campus (Protocol no.
011.480/12) and by the Chico Mendes Institute for Biodiversity
Conservation (ICMBio) (license no. 34.282-2).

Microscopic examination

Thin and thick blood films were prepared using blood
from finger puncture, which was performed using a lancet on
each animal. The thin blood films were fixed using methanol
and stained with Giemsa (inverted slide) diluted in buffered
water (check additional information) for 35 minutes. The thick
blood films were pre-stained with buffered methylene blue for five
seconds and then stained with Giemsa (Sigma-Aldrich, St. Louis,
MO, USA) for seven minutes, as recommended by WHO (2005).
The slides were examined by an experienced microscopist at the
Center for Malaria Studies, Superintendency for Endemic Disease
Control (SUCEN), in Sao Paulo, SP, Brazil.

RDT: commercially-available rapid test

The Plasmodium antigen-based RDT was performed on aliquots
of hemolyzed whole blood from NHPs, using the “First-response
Malaria Ag. pLDH/HRP2 Combo Pf. and PAN Detection Card
Test” (Premier Medical Corporation Ltd, Kachigam, Nani Daman,
India), in accordance with the manufacturer’s recommendations.
The reading was performed after 20 minutes.

DNA extraction

DNA was extracted from 200 pL of whole blood from NHPs
using the QIAamp DNA mini-kit (Qiagen®, Valencia, CA, USA), in
accordance with the manufacturer’s recommendations, with a final
elution volume of 50 puL. The DNA concentration and absorbance

ratio (260/280 nm) were measured using spectrophotometer
equipment (Nanodrop®, Thermo Scientific, Waltham, MA, USA).

Semi-nested multiplex PCR (snPCR) based on
18S rRNA gene of Plasmodium spp.

In snPCR assays, the species-specific 185 rRNA nucleotide sequences
of P falciparum, P vivax, and I malariae were amplified, as previously
described by Rubio etal. (1999), with slight modifications. Using the
primers PLE, UNR and HUE two fragments were generated: one of
231 bp, of the mammalian endogenous gene (UNR-HUF); and
another, ranging from 783 to 821 bp, of Plasmodium sp. (UNR-PLF)
in the first reaction. The reaction mixture had a final volume of 25 pLL
and contained 10X PCR buffer, 2.5 mM of MgCl,, 0.1 mM of a
mixture of deoxynucleotide triphosphates, 0.5 pM of PLF and of
UNR, 0.04 uM of HUE 1.25 U of Taq platinum DNA polymerase
(Life Technologies®, Carlsbad, CA, USA) and 5 uL of DNA. In all
the reactions, ultra-pure water (Invitrogen®, Carlsbad, CA, USA)
was used as a negative control. Plasmodium vivax and P malariae
DNA samples from human infected patients (HRISTOV et al,,
2014; LIMA et al., 2016) and P falciparum DNA (strains K1 and
Palo Alto obtained through in vitro culturing) were used as positive
controls. The products were then subjected to a second reaction,
using 2 uL of the amplified product from the first reaction, in a final
reaction volume of 25 pL, containing 1X Taq buffer, 2.5 mM of
MgCl,, 0.1 mM of deoxynucleotide triphosphate mixture, 0.5 uM
of PLE 0.064 pM of MAR, 0.3 uM of FAR, 0.05 pM of VIR and
1.25 U of Taqg DNA polymerase.

Plasmodium species were identified through sequencing the
amplified products from the second reaction using a genus-specific
protocol described by Santos et al. (2009) and Singh et al. (1999),
based on the 18S rRNA gene. The 240 bp products were viewed
by means of electrophoresis on 2% agarose gel under UV light and
were purified using Silica Bead DNA Gel Extraction kit (Thermo
Scientific, Waltham, MA, USA), following the manufacturer’s
instructions. The nucleotide sequences obtained from each sample
were compared with sequences previously deposited in the GenBank

database, using the BLASTn software (ALTSCHUL et al., 1990).

Real-time PCR (qPCR) assay for Plasmodium sp. based
on 188 rRNA gene

Construction of plasmid standards containing
Plasmodium sp. 18S rRNA gene fragments

Plasmodium falciparum and R malariae (HRISTOV etal., 2014;
LIMA etal., 2016) 18S rRNA gene fragments were amplified in
conventional PCR assays using the same set of primers that are
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used in qPCR assays (GAMA et al., 2007). The amplification
reactions were performed in a T100 thermal cycler (Bio Rad),
using 4 pL of DNA in a 46 pL mixture, containing 1X PCR buffer,
2 mM of MgCl,, 1.25 U of Taq Platinum DNA Polymerase (Life
Technologies®, Carlsbad, CA, USA), 200 uM of each dNTP and
200 nM of each M60 and M61 primer. The thermal cycler was
set with an initial hold (95 °C/10 minutes) followed by 32 cycles
(94 °C/30 seconds, 60 °C/30 seconds and 72 °C/30 seconds).
The 84 bp amplicon was viewed by means of electrophoresis on
2% ethidium bromide-stained agarose gel. The products were
purified using Silica Bead DNA Gel Extraction kit (Thermo
Scientific, Waltham, MA, USA) and were quantified in a
spectrophotometer (Nanodrop, Thermo Scientific, Dubuque,
Ilinois, USA) for in-house preparation of plasmids. Cloning of
the purified products was carried out in the pGEM-T Easy Vector
system (Promega, Madison, Wisconsin, USA), as recommended
by the manufacturer. The ligation products were transformed
into Escherichia coli One Shot Match 1™ chemically competent
cells (Invitrogen, Carlsbad, CA, USA). The resulting clones were
subjected to blue/white colony screening. The plasmid DNA was
extracted using the QIAprep Miniprep kit (Qiagen, Valencia, CA,
USA). In order to assess the detection limit of the TagMan assay,
standard curves were constructed using plasmid serial dilutions
(10,104, 10% 102, 10" and 10°). The amplification efficiency (E)
of each assay was calculated using the formula E = 10/slope.
The number of copies of plasmids was determined in accordance
with the following formula: (Xg/uL DNA/[plasmid length in
bp x 660]) x 6.022 x 10% x plasmid copies/uL.

qPCR assays

The qPCR assays for detection of the Plasmodium sp. based
on 18S rRNA gene were performed as previously described by
Gama et al. (2007), with slight modifications. All samples were
tested in duplicate. The qPCR assays were performed in a final
volume of 25 pL, containing 12.5 pL of 1X TagMan Universal
Master Mix® (Life Technologies), 0.5 pM of the primers M60
(5" ACAT GGCTAT GAC GGG TAA CG 3') and M61 (5’ TGC
CTT CCTTAGATG TGG TAG CTA 3'), 0.3 uM of the hydrolysis
probe M62 (5" FAM - TCA GGC TCC CTC TCC GGA ATC
GA-TAMRA 3'), and 5 puL of DNA. The amplification conditions
were 50 °C/2 minutes, 95 °C/10 minutes and 40 cycles of 94 °C
for 30 seconds and 60 °C for 1 minute.

Amplification and qPCR measurements were performed using
the CFX96 thermal cycler (Bio Rad, Hercules, CA, USA). All the
analyses, including setting of the threshold and the quantification
cycle (Cq) values, were automatically established using the default
settings. Assays were performed in 96-well plates, Low-Profile
Multiplate™ unskirted PCR plates (BioRad, Hercules, CA, USA).

Loop-mediated isothermal amplification (LAMP) assay
for Plasmodium sp. based on 185 rRNA gene

The LAMP assay was carried out using the Loopamp® DNA
kit (Eiken Chemical Co. Ltd, Japan), in accordance with Han et al.
(2007). It used a set of genus-specific primers and was performed
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on 13 blood samples from NHPs that had previously been screened
for Plasmodium by means of qPCR and cPCR assays. The final
reaction volume of 25 pL, in Low-Profile Multiplate™ unskirted
PCR plates (BioRad, Hercules, CA, USA), contained 1.6 pM of
the FIB (5" TCG AAC TCT AAT TCC CCG TTA CCT ATC
AGC TTT TGA TGT TAG GGT 3’) and BIP (5' CGG AGA
GGG AGC CTG AGA AAT AGAATT GGG TAATTT ACG
CG 3') primers, 0.2 uM of the F3 (5' GTATCAATC GAGTTT
CTGACC3)and B3 (5' CTT GTCACTACCTCTCTTCT
3') primers, 0.8 uM of the LFP (5" CGT CAT AGC CAT GTT
AGG CC3") and LPB (5 AGC TAC CAC ATC TAA GGA AGG
CAG 3') primers, 1 pL of Syto 9 (125 pM) (Life Technologies®),
2X reaction buffer (12.5 pL), 1 pL of Bszt DNA polymerase (Biolabs,
Ipswich, MA, USA), and 2 pL of DNA template.

The reactions were performed at 60 °C for 100 minutes, followed
by inactivation of the enzyme at 80 °C for 2 minutes in a CFX96
thermal cycler (BioRad, Hercules, CA, USA). The dissociation
curve was performed at 60-96 °C, with an increase of 0.5 °C
every 0.5 seconds.

Serological techniques

Indirect Fluorescent Antibody Test (IFAT)

IFAT was performed using the antigen from crude human
erythrocyte infected with schizonts of 2 malariae (HRISTOV etal.,
2014) and P, falciparum (K1 and Palo Alto strains), obtained
from in vitro cultures. Plasmodium berghei ANKA antigen was
obtained from red cells from BALB/c experimentally infected
mice. All the NHP serum samples were tested for the presence
of anti-P falciparum and anti-P berghei 1gG antibodies.
However, due to the difficulty in obtaining blood samples from
human patients infected with 2 malariae, only ten NHP serum
samples that were positive in the snPCR assays were tested
for the presence of anti-2 malariae antibodies. Samples were
classified as positive at a serum dilution of 1:20. Human serum
samples, kindly supplied by SUCEN, were used as negative and
positive controls in all the assays. Briefly, 10 pL of the test and
control serum samples diluted in phosphate buffered saline
(PBS pH 7.2, check additional information) were deposited in
each well and incubated at 37 °C for 30 minutes in a humidity
chamber. The slides were washed three times in PBS (pH 7.2)
for five minutes each. They were dried at room temperature
and 10 pL of anti-monkey IgG FITC-conjugation (Sigma-
Aldrich®, St. Louis, MO, USA), diluted in accordance with the
manufacturer’s instructions (check additional information), were
added into the wells containing NHP serum samples. Similarly,
10 pL of anti-human IgG FITC (Sigma-Aldrich®, St. Louis,
MO, USA) was added into the wells containing human positive
and negative control serum samples. Following this, the slides
were incubated, washed and dried as described above. The slides
were mounted in buffered glycerin (pH 9.6, check additional
information) and evaluated under an ultraviolet light emission
microscope (Olympus, BX-FLA).
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ELISA and dot-ELISA

Preparation of rhoptry protein-soluble antigen
from P falciparum and P berghei for ELISA and
dot-ELISA tests

K1 and Palo Alto isolates of P falciparum were cultured in vitro
in O red blood cells, using Petri dishes and RPMI 1640 medium
(Sigma-Aldrich, St. Louis, MO, USA). The medium was
supplemented with 10% type B* or AB* human plasma, as described
by Trager & Jensen (1976). The antigen was prepared from a
P falciparum culture with 10% parasitemia, where merozoites
were the predominant form.

Two passages were made with the P berghei ANKA strain in
six-week-old female BALB/c-SPF mice (specific pathogen-free).
The first intraperitoneal passage in mice was performed using
0.25 mL of parasitized erythrocytes, containing merozoites as the
predominant form and presenting four-cross parasitemia. The second
passage was performed four days after the first infection, using
0.1 mL of parasitized blood. Harvesting was performed eight days
post-infection by means of intracardiac puncture.

The rhoptry-soluble antigens from P berghei and P, falciparum
were prepared in accordance with Machado et al. (1993), with
modifications. The parasitized erythrocytes were centrifuged
at 3,000 rpm for 15 minutes at 4 °C, and the supernatant was
discarded. Infected red blood cells were washed twice, using
phosphate-buffered saline (PBS, pH 7.2). The precipitate was
resuspended with ten times the volume of 83% ammonium
tris-chloride (check additional information), warmed at 37 °C.
The tube containing the solution was inverted ten times and
allowed to stand for five minutes at room temperature (25 °C).
It was then centrifuged at 12,000 rpm for 20 minutes at 4 °C, and
the supernatant was discarded. The precipitate was resuspended
in 5 mL of homogenization medium (pH 7.5).

Following this, the solution was subjected to seven cycles of
freezing and thawing in liquid nitrogen and in a water bath at
37 °C, respectively. The suspension was centrifuged at 500 rpm for
10 minutes at 4 °C. The supernatant was kept and the precipitate
was discarded. The supernatant was centrifuged at 12,000 rpm
for 10 minutes at 4 °C, and the precipitate was kept. In tubes
that were specific for a Beckman® ultracentrifuge, a layered was
prepared using 0.5 mL of 1.8 M sucrose. In another tube, using
the Econo Pump apparatus (Bio Rad) at the rate of 15 mL/minute,
a mixture of 1 M and 1.6 M sucrose solutions was deposited in
equivalent volumes. Then the precipitate (organellar fraction) was
added, gently, down the inside of the wall of the tube, to avoid
mixing with the sucrose medium. Centrifugation in a Beckman
Optima”™ LE-80K ultracentrifuge (Beckman, Illinois, USA) at
27,000 rpm for 15 hours at 4 °C was performed. At the end,
the fraction containing the rhoptry proteins was withdrawn.
Four milliliters of homogenization medium were added into the
tube. Centrifugation in a Beckman ultracentrifuge at 28,000 rpm
for one hour at 4 °C was performed.

The precipitate was resuspended in 1 mL of homogenization
medium (check additional information) and was frozen at -20 °C
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until quantification. The protein content of the soluble antigen
was determined by means of the bicinchoninic acid method, using
the BCA reagent kit (Pierce Chemical Company), in accordance
with the manufacturer’s recommendations.

Visibility of P falciparum and P berghei rhoptry
protein-soluble antigen in polyacrylamide gel
(SDS-PAGE) and Western blotting

The soluble antigen obtained from rhoptry proteins was
viewed by means of electrophoresis on polyacrylamide gel under
denaturing conditions (LAEMMLI, 1970) and by means of Western
blotting (TOWBIN et al., 1979). Incubations were performed
using control human serum that was P falciparum-positive, for
antigens of both P falciparum and P, berghei (for more information,

see FIGUEIREDO, 2015).

Reactivity of the rhoptry protein-soluble antigen of
P, falciparum and P berghei by dot-ELISA

Rhoptry protein-soluble antigens of P, falciparum and P berghei
were used as antigens in the dot-ELISA technique to verify their
ability to react with specific antibodies that were present in
human serum samples that were positive for 2 vivax (one year
after cure), P falciparum, P vivax and P malariae and in BALB/c
mouse serum samples that had been experimentally infected with
P, berghei. The technique was performed as previously described
by Machado et al. (1993), with modifications.

Briefly, nitrocellulose discs were cut (0.45 pm) and distributed
in wells of a bottom plate. Then, 2 pg of the antigens were
deposited on each disk (2 falciparum and P berghei-soluble
thoptry proteins after standardization).

They were then dried at room temperature and blocked
for 12 hours at 4 °C with 300 pL of TBS buffer plus 5%
skimmed milk powder. Control serum samples were diluted
1:50 and 1:100 in TBS-Tween 20 containing 5% skimmed milk
powder, and were incubated for 120 minutes at room temperature
under constant stirring. The disks were then washed twice with
TBS-Tween 20 plus 5% skimmed milk powder and once with
TBS-Tween 20 without skimmed milk powder (five-minute
intervals between each wash).

Alkaline phosphatase-coupled anti-mouse conjugate (Sigma
A-3562), diluted 1:30,000 in TBS-Tween 20 plus 5% skimmed
milk powder was added to each mouse serum well. For human
serum samples, an alkaline phosphatase-coupled anti-human
conjugate (Sigma A-1543) diluted 1:4,000 was used. After one
hour of incubation, the reaction was developed by means of
addition of the enzyme substrate 5-bromo-4-chloro-3-indolyl
phosphate and nitroethanol blue chloride, supplied through
an alkaline phosphatase conjugate substrate kit (Bio-Rad), in
accordance with the manufacturer’s instructions.

The antigen dilution that presented the best-defined visual
difference between positive and negative serum samples was
considered to be the best result for the purposes of standardization.
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Reactivity of P falciparum and P berghei thoptry
protein-soluble antigen through ELISA

Initially, a block titration was performed using four human
serum samples that were positive and four that were negative
for P, falciparum, P malariae and P vivax (two samples), against
the P. falciparum rhoptry antigen; three human control samples
that were positive and three that were negative for 2 falciparum,
P malariae and P vivax; and one control mouse serum sample
that was positive and one that was negative for P berghei, against
P berghei antigen. The serum samples were assayed in duplicates
at dilutions of 1:50, 1:100, 1:200, 1:400, 1:800 and 1:1600 in
Maxisorp (Nunclon® Surface, Nunc, Denmark) flat-bottom
microplate. These were tested against P falciparum and P berghei
antigens diluted in carbonate-bicarbonate buffer (0.05 M; pH 9.6)
at concentrations of 1.5 pug/mL, 2.5 pg/mL, 5.0 pg/mL and
10.0 pg/mL. After defining the optimal assay concentrations, the
serum samples from Neotropical primates were tested.

The plates were incubated at 4 °C with 100 pL of the soluble
antigen diluted at the optimum concentration of 2.5 pg/mL, for
12 hours. The plates were then washed with PBS-Tween 20 and
incubated with 5% milk powder blocker at 37 °C for two hours.
The plates were washed again with PBS-Tween 20. Then, 100 uL
(1:100) of the diluted test serum samples and the positive and
negative reference serum samples were added again.

Afterwards, the serum samples were incubated at 37 °C for
1.5 hour and were washed as previously described. One hundred
microliters of anti-monkey IgG conjugate (Sigma-Aldrich®,
St. Louis, MO, USA) (NHP serum samples), anti-human IgG
conjugate (Sigma-Aldrich®, St. Louis, MO, USA) (controls)
and anti-mouse IgG conjugate (mouse serum sample) (Sigma
Aldrich®, St. Louis, MO, USA), all diluted in PBS-Tween
20 plus 5% skimmed milk powder, were deposited in each well
of microplates, followed by further incubation and washing.
Finally, 100 uL of para-nitrophenyl phosphate substrate (diluted
1 mg/mL in diethanolamine buffer, pH 9.8; Sigma N-9389) was
added in each well of microplates, followed by incubation for
45 minutes at room temperature. After this period, absorbance
values were read at 405 nm in an automatic ELISA microplate

reader (MRX TC Plus, Dynex Technology).

Results
Microscopy

In total, 161 thick blood films and 161 thin blood films
were prepared. Plasmodium sp. trophozoites were observed in
erythrocytes from five NHPs (four individuals of Sapajus spp. and
one of Callithrix jacchus) sampled at CETAS, Sao Luis, Maranhio,
Brazil (Figure 2).

RDT

None of the samples were positive in the RDT test. On the
other hand, none of the tests were invalid, since the positive
control zone appeared in all tests.
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Molecular diagnosis

snPCR

In the first snPCR reaction, 29.81% (48/161) of the NHP
samples were positive (Figure 3), comprising 10 free-living animals
captured at the Sitio Aguahy (Sao José de Ribamar) (20.8%) and
38 monkeys that were being kept at CETAS in Sao Luis (79.2%).

Regarding the species-specific diagnosis, 47 samples from
NHPs (47/48) were positive for 2 brasilianum/P. malariae, among
which eight were from free-living NHPs that were caught at Sitio

Figure 2. Photomicrographs of Plasmodium sp. visualized by light
microscopy in thin Giemsa-stained blood smears from a male specimen
of Sapajus sp. Bar = 10 pm.

100bp 171 172 473 474 175 176 177 178 179 180 181 182 183 184 185 186 185

78310
821bp -
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100bp PM H20 172 173 174 175 476 177 178 179 180 181 182 183 184

Figure 3. Genus-specific and species-specific detection of species of
human malaria in monkeys sample in two municipalities of the Island
of Sao Luis by PCR with 18S rRNA gene as described by Rubio etal.
(1999). (A) amplified products from the first snPCR reaction, in which
a 231 bp fragment from the endogenous gene can be visualized and
gender-specific fragment from 783 to 821 bp that identifies positivity
for Plasmodium (size varies according to species of Plasmodium).
A molecular weight marker of 100 bp (Invitrogen®) (first channel)
was used; (B) amplified products of the second species-specific reaction
of snPCR for the species 2 malariae (269 bp), P vivax (499 bp) and
P falciparum (395 bp). Positive control of 2 malariae (PM), negative
control (ultra-pure sterilized H,0), followed by positive samples
(172-178) of Sapajus sp. (Sitio Aguahy) and (179-184) Sapajus sp.
(CETAS do Sao Luis), respectively.
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Aguahy. NHP samples showing Plasmodium trophozoites in blood
smear examinations were negative in snPCR assays.

Unfortunately, almost all the positive samples yielded weak
intensity bands, thus precluding sequencing. After sequencing
and BLAST analysis on four amplicons, the Plasmodium sp.
sequences (18 rRNA gene) detected in two specimens of
Sapajus sp. (#136 and #156 of CETAS) showed 100% identity
to P malariae (GU950655) and to Plasmodium malariae isolate
Oumu (AB489196.1), respectively. The Plasmodium sp. sequence
detected in a specimen of Sapajus sp. (#137 from CETAS) showed
97% identity to Plasmodium ZOOBH (EF090276), previously
detected in a Psittacidae specimen. The Plasmodium sp. sequence
detected in a specimen of Sapajus sp. (#145 from CETAS) showed
99% identity to R falciparum (M19173). The nucleotide sequences
generated from each sample (sense and anti-sense) were smaller
than 200 bp, precluding its deposit in GenBank database.

LAMP

None of the 13 samples tested produced amplification. All controls
functioned including the plasmids in base 10 dilutions (Figure 4).

RFU (10%3)
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qPCR

Outof the 161 samples tested through qPCR, 34.16% (55/161)
were positive: seven (7/55) (12.72%) from free-living NHPs (Sitio
Aguahy, Sao José de Ribamar) and 48 (87.28%) from animals
kept at CETAS, Sao Luis (Figure 5).

Serological tests

[FAT

Four out of the ten samples tested for 22 malariae were positive
at 1:20 dilutions (Figure 6). None of the 151 serum samples tested
against P falciparum and P berghei antigens were shown to be positive.

SDS-PAGE and Western blotting

In a small-scale test, it was possible to verify separation of
the major proteins in P falciparum and P berghei rhoptries of
higher molecular weight. Confirmation of the separation of these
proteins could be seen through SDS-PAGE gel and Western
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Figure 4. (A) Amplification curve of Plasmodium spp. by the LAMP technique, using positive controls for 2 vivax (Pv), 2 malariae (Pm) and
P, falciparum (Pf) and plasmid constructed from gene 18S rRNA of P falciparum DNA fragment (84 bp), diluted in base 10; (B) Dissociation
curves showing the different peaks of Plasmodium species positive controls and plasmid.
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Figure 5. Amplification and standard curves of the qPCR assay based on an 18S rRNA 84 bp fragment. (A) Cycles of amplification of the
84 bp plasmid at base 10 dilutions; (B) Standard curve developed from base 10 dilutions of the plasmids. This curve displayed an amplification

efficiency of 104.7% and a determination coeflicient (&%) of 0.98.
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blotting (Figure 7), using positive (human and mouse) control
serum samples.

Dot-ELISA and ELISA

Human serum samples that were positive for 2 falciparum,
P vivax and P malariae, samples from patients cured of P vivax
(one year earlier), and mouse serum samples (positive for 2 berghei)
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showed good reactivity through the dot-ELISA technique against
P falciparum antigens. However, these human serum samples showed
low reactivity against P berghei antigens. Both P, falciparum and
P, berghei antigens showed good discrimination between negative
and positive control serum samples (Figure 8).

Human serum samples positive for P falciparum, P vivax
and P malariae, and mouse serum samples positive for P berghei
showed low reactivity in the indirect ELISA-test. The optimum

C

Figure 6. Photomicrography of the IFAT assay for IgG antibodies against 2 malariae: (A) positive human control serum; (B) negative human
control serum; (C) Sapajus sp. male specimen positive sample tested at the 1:20 dilution of (CETAS of Sao Luis).

S50kDa —»

10kDa —»

50kDa —»

A 10kDa —

Figure 7. (A) polyacrylamide gel electrophoresis 12% (SDS-PAGE), stained with Comassie Briliant Blue R-250, from rhoptries proteins of
P, falciparum culture and of inoculation in BALB/c mice with P berghei strain. Used on the line 1 molecular weight marker Unstained Protein
(Thermo Scientific), followed (2 to 5) fractions of P falciparum and P berghei (6 to 9). The gels were kept in distilled water. The molecular
weight of the rotor proteins vary from 40kDa to 240kDa (SAM-YELLOWE, 1996); (B) visibility of the fractions of rthoptry protein P berghei
nitrocellulose membrane by Western blotting after membrane incubation with human serum samples, positive and negative controls for
P, falciparum. Prestained Protein (Thermo Scientific), followed by human serum positive for 2 falciparum at the dilutions of 1:20 (line 2),
1:50 (line 4) and 1: 100 (line 6); negative human serum for Plasmodium spp. At 1:20 dilutions (line 3); 1:50 (line 5) and 1: 100 (line 7).
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2

Figure 8. Photograph of the reactivity of the soluble antigens of with human and mouse sera samples in nitrocellulose membranes by the
Dot-ELISA technique at the dilution 1:100. (A) reactivity between the P falciparum rhoptries protein antigen and the human positive samples from
P falciparum (PF), P vivax (PV), P malariae (PM) and patient serum cured P vivax one year ago (PC), human sera negative for Plasmodium spp.
(1,2, 3 and 4); (B) reactivity between the P berghei thoptries antigen of P berghei and the mouse serum infected with P berghei (PB) and human
sera positive for PE, PV and PM, respectively, and negative mouse serum (C), followed by negative human sera (1, 2 and 3).

concentration of soluble P falciparum and P berghei thoptry proteins
was 2.5 pg/mL and the optimum serum dilution was 1:100.

Comparison of results obtained by morphological,
serological and molecular techniques for Plasmodium spp.

Five NHP blood samples (#1, #5, #17, #18 and #19) showing
evolutionary forms of Plasmodium sp. were also positive in
qPCR assays. No anti-Plasmodium spp. antibodies were detected in
these samples through the IFAT test and ELISA, nor were they found
to be reactive in the RDT. Samples #141, #144, #150 and #156
were seroreactive against the P malariae antigen and were positive
in snPCR and qPCR assays. 18S rRNA Plasmodium sequences
obtained from samples #136 and #156 showed 100% identity to a
P malariae sequence (GU950655) previously deposited in GenBank.
Comparison of the results from snPCR and qPCR, 48 samples
(87.27%; 48/55) were positive through both techniques, while
seven samples (12.72%; 7/55) were positive only through qPCR.

Discussion and Conclusion

Even with investments from several international agencies for
research on vaccines, drugs and control measures, malaria is still
considered to be one of the most important neglected diseases
in the world, given the context of the populations that live in
areas at risk of transmission of this disease. Because malaria is the
parasitic disease with the highest mortality and morbidity in the
human population in tropical and subtropical areas of the world,
its eradication is an urgent matter (WHO, 2016). However,
simian malaria is one of the factors that may constitute barriers
to eradication of the disease around the world. It has been seen
that unplanned urbanization that results in overlapping between
urban areas and the wild environment enables interchange of
vectors between these two environments and, consequently,
interchange of pathogens. Thus, given that there may not be

any biological barriers between human hosts and NHPs, simian
malaria can be propagated beyond tropical forests. In this regard,
monitoring of New World primate populations in relation to
malaria is important, both for understanding how these parasites
continue to circulate in nature and for identifying the real risk to
the health of these animals through infection by Plasmodium sp.
Thus, accurate diagnosis makes an important contribution towards
knowledge of the circulation of Plasmodium sp. in NHP species
in Brazilian biomes.

Although optical microscopy is the gold standard for diagnosing
human malaria species, it presents relatively low sensitivity in cases of
mixed infections and, especially, in cases of low levels of parasitemia
(TANGPUKDEE et al., 2009). The latter is of importance in
relation to blood samples from New World primates, which usually
present chronic infections with low levels of parasitemia (AMERI,
2010), regardless of the animal species or the biome inhabited
(CHINCHILLA et al., 2006; YAMASAKI et al., 2011). In the
present study, optical microscopy did not present sensitivity of
gold-standard level when compared to molecular tests, which showed
higher sensitivity (DUARTE et al., 2008; YAMASAKI et al., 2011;
BUENO et al., 2013). Additionally, experienced microscopists
are currently only to be found in reference centers, thus making it
difficult to diagnose simian malaria (BAIRD, 2009). In outbreaks
of human malaria in Asia in the early 2000s, the etiological agent
involved was misdiagnosed as P malariae or P falciparum; in
reality, the agent was P knowlesi, which is the zoonotic agent of
simian malaria (SINGH et al., 2004).

Regarding the Plasmodium species, P brasilianum/P malariae
are the species most commonly diagnosed in NHPs in the Americas
(DEANE, 1992). Rapid diagnostic tests, for the most part, only
specifically detect P falciparum and P vivax. In the present study,
a WHO-approved RDT kit was used, which was standardized
to identify one or more of the four species of Plasmodium that
infect humans. Although there are many commercially available
rapid diagnostic tests for diagnosing human malaria, there are
currently no tests available for detecting Plasmodium species in
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NHPs. Trials have shown that antibodies to lactate dehydrogenase
(pLDH), which enable detection of human malaria parasites such
as P falciparum and P vivax, can also be used to detect 2 knowlesi.
However, it has been recommended that RDTs that were designed
to detect human malaria should be used with great caution in
primate blood samples. They should not be used as replacements
for optical microscopy but, rather, have been recommended as
secondary tests (AMERI, 2010). These results, along with those
of Bueno (2012), are the first reports on the use of RDTs in
Plasmodium research on whole-blood samples from New World
primates. The low levels of parasitemia that are characteristic of
NHP samples, makes the use of this type of test inappropriate.

In the present study, the number of animals that were found
to be positive through molecular diagnosis was significantly higher
than the number ascertained through direct (morphological)
detection. After analysis on the results, the method that was chosen
as the gold standard for the present study was snPCR, taking into
account its sensitivity (0.01 parasites/uL) and reproducibility
(RUBIO etal., 2002). In addition, snPCR allows species-specific
diagnosis for the four most common Plasmodium species in humans
(R falciparum, P vivax, P malariae and P ovale) in a single reaction,
thus presenting lower costs.

It is worth mentioning that five microliters of DNA were
used in the first reaction and two microliters of PCR product
in the second reaction (undiluted), to increase the chances of
making the band visible on the gel. This procedure differed from
the original protocol. For samples with low levels of parasitemia,
occurrences of false-negative results also need to be taken into
account. This situation has been frequently reported by several
authors, in the so-called “all or nothing phenomenon”. From a
practical point of view, several amplifications of the same sample
may present divergent results, if the level of parasitemia is close to
the detection threshold (BOONMA et al., 2007; YAMASAKI et al.,
2011; FIGUEIREDO et al., 2015). Therefore, for samples
with low degrees of parasitemia, more than one PCR assay is
recommended, to obtain more accurate results (BOONMA etal.,
2007; FIGUEIREDO et al., 2015). Although most studies have
shown that PCR is more sensitive and specific for diagnosing
malaria, there are limitations that may affect the accuracy of
the method. In this regard, selection of suitable primers, the
methods used for collection and storage of blood samples and the
extraction methods may affect the performance of the technique
(COLEMAN et al., 20006).

In contrast, none of the DNA samples extracted from NHP
blood in the present study were positive through the LAMP
technique. This technique was developed to be more sensitive
than real-time PCR, since it uses six target sites within the DNA
template. Although previous studies have noted that LAMP is
very sensitive, with a detection threshold of up to 5 parasites/pL,
the real-time PCR technique used in the present study was more
sensitive, with detection of 0.5 parasite/pL (GAMA et al., 2007),
as was also the snPCR technique. Most protocols for LAMP have
been standardized using clinical samples from human patients with
the symptoms of clinical malaria (PATEL etal., 2013). According
to the authors of the LAMP technique that was used in the present
study, the standardized protocol has sensitivity similar to that of
microscopy, but presents higher specificity (HAN et al., 2007).
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In addition, the LAMP technique is still very expensive, since
the kit is imported and not yet distributed in Brazil. The result
showed that, at least for detection of Plasmodium in samples from
New World primates, the technique was not sufficiently sensitive.

Regarding qPCR, its sensitivity was higher than the other
tests (plasmid dilution of 0.5 parasite/pL), given that it presented
the highest number of positive samples detected. It should also
be noted that, due to the low levels of parasitemia, the majority
of the positive samples showed a quantification coefficient (Cq)
greater than 35 cycles, thus corroborating the data regarding the
low levels of parasitemia in these samples.

Because of the complex immune response to Plasmodium
antigens, serological tests cannot be used for diagnosing malaria
in humans (TANGPUKDEE et al., 2009) or in NHPs, in routine
clinical assessments. In addition, such assays may not be useful for
diagnosing severe malarial infection, because antibody production
takes place over a period of time and, to reach a reasonable level of
antibody production, the host needs to be constantly challenged
through bits from infected mosquitos. In the present study,
in relation to detection of anti-Plasmodium spp. antibodies, a
cross-reaction was expected against P falciparum and P berghei
antigens, both through IFAT and through ELISA. However, only
four serum samples from Sapajus sp. were reactive, and only against
antigens of P malariae, which is a species similar to 2 brasilianum.
Thus, even the samples with presence of the parasite observed on
microscope slides or with positive PCR results did not present
detectable levels of antibodies against Plasmodium. These data
are concordant with the results obtained by Duarte et al. (2006),
who found that no serum samples from Callithrix (n = 44) and
Cebus apella (n = 56), sampled in Savannah and Atlantic forest
biomes, were reactive to the three antigens used (2 falciparum,
P malariae and P vivax), through IFAT. However, other authors
have identified high antibody titers against P brasilianum/R malariae
and P vivax antigens, through IFAT, among captive New World
primates in the state of Sao Paulo (YAMASAKI et al., 2011) and
free-ranging primates in French Guiana (VOLNEY et al., 2002).
It has also been reported in the literature that the ELISA test
showed greater sensitivity for detecting antibodies in samples both
from humans and from New World primates (VOLNEY et al,,
2002; YAMASAKI et al., 2011). In this light, in the present
study, standardization of this assay was attempted using soluble
antigens of rhoptry proteins of P falciparum (from culturing)
and P berghei (from parasitized erythrocytes from infected mice).
Because of difficulty in obtaining red cells infected with P vivax
and P malariae, since these two species are not kept in i vitro
cultures and their levels of parasitemia in infected human patients
is low, no antigens of these two Plasmodium species were used.

In NHPs, the levels of production of anti-Plasmodium spp.
antibodies are even lower, and detection through serological
methods is not efficient (DUARTE et al., 2006; YAMASAKI et al.,
2011). Therefore, the difficulty in detecting antibodies in serum
samples from New World primates infected with Plasmodium spp.
is very evident. Animal Plasmodium antigens are commonly
used in making serodiagnosis of human malaria because of
cross-reactions between homologous species of Plasmodium
(BOULOS etal., 1984). Even though some authors have stated that
serodiagnosis can be used as a screening test to confirm exposure
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to current or former malaria infection (NARDIN et al., 1989;
VOLNEY et al.,, 2002), the responses are often less expressive,
even in endemic areas, and thus the degree of cross-reaction is also
low. In immunochromatographic tests (rapid diagnostic tests) for
detection of antibodies against Plasmodium spp., the sensitivity
is also low (MURRAY et al., 2003; AMERI, 2010). Detection
of anti-Plasmodium antibodies in primate serum samples from
several Brazilian biomes showed low reactivity rates both in IFAT
and in ELISA (DUARTE et al., 2006). The latter authors also
searched for anti-Plasmodium spp. antibodies in serum samples
from Callithrix and Sapajus (seroreactive species in the present
study) in two different biomes (Cerrado and Atlantic Forest),
and found that these NHP species were seronegative in the two
serological tests (IFAT and ELISA).

Regarding the disagreement between molecular techniques
and microscopy results, this finding has also been reported by
other authors who analyzed blood samples from New World
primates (DUARTE et al., 2008; YAMASAKI et al., 2011;
FIGUEIREDO et al., 2015) and humans (COLEMAN et al.,
2006; BOONMA et al., 2007). In general, PCR has been found
to be more sensitive and specific than thick and thin-drop blood
smears and RDT for both human (LIMA et al., 2016) and New
World primates blood samples, particularly in cases of low levels of
parasitemia or mixed infections (BROWN etal., 1992; MOODY,
2002; RUBIO et al., 1999).

In the present study, the presence of P, brasilianuml 2 malariae
was identified in New World primates in two municipalities on the
island of Sao Luis, state of Maranhio, in the eastern Amazon region
of Brazil. Furthermore, PCR (snPCR or qPCR) was confirmed
as being the most sensitive technique for diagnosing Plasmodium
in blood samples from New World primates. Whether snPCR or
qPCR should be used will depend on the infrastructure of the
laboratory and should take into account the importance of the
results in relation to projects for reintroduction of endangered
species and the risks of introduction of pathogens.

Additional Information

- Buffered methylene blue (1g of methylene blue medicinal
powder, 1g of KH,PO,, 3 g Na,HPO, - the salts are mixed, 1 g

of this mixture is withdrawn and 250 mL of distilled water);

- Buffered water (6g of anhydrous Na,HPO,,5¢ of KH,PO,
and distilled water q.s.q to a 1 liter);

- PBS pH 7.2 (130 mM NaCl, 2.7 mM KCI, 5.6 mM
Na,HPO,, 1 KH,PO,, 0.8 mM NaH,PO);

- Anti-monkey IgG FITC-conjugation and anti-human IgG
FITC (Sigma-Aldrich®, St. Louis, Missouri, USA) — diluted
1:40 in Evans blue and PBS (pH 9.2);

- Buffered glycerin (9 mL of glycerin to 1 mL of carbonate-
bicarbonate solution, pH 9.6);

- PBS-Tween 20 pH 7.2 (130 mM NaCl, 2.7 mM KCl,
5.6 mM Na,HPO,, 1 KH,PO,, 0.8 mM NaH,PO,, 0.05%
Tween 20);
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- Homogenization medium pH 7.5 (0.25M Sucrose, ImM
EDTA, 5mM triethanolamine-HCL);

- 83% Ammonium Tris-Chloride (5 mL of Tris with 45 mL
of 0.83% Ammonium Chloride);

- TBS-Tween 20 (0.1 M Tris, 0.1 M NaCl and 0.05%
Tween 20).
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