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Immunohistochemical and serological aspects of Toxoplasma gondii
infection in Neotropical primates

Aspectos imuno-histoquimicos e sorologicos da infeccao por
Toxoplasma gondii em primatas neotropicais

Marta Regina Grumann'; Zigomar da Silva?; José Roberto Silva Filho®;
Marcio Machado Costa*; Maria Isabel Botelho Vieira®’; Adriana Costa da Motta®

Abstract

Toxoplasmosis, a disecase caused by the intracellular coccidian Toxoplasma gondii that infects
most warm-blooded vertebrates, is widely distributed and fatal for primates, which are peculiarly
susceptible for unknown reason(s). Owing to the increasing number of Neotropical mammal deaths
where in 7. gondii were detected in analyzed tissues, the present immunohistochemical study analyzed
the distribution patterns of immunostainings related to this parasite on primates necropsied at the
Laboratorio de Patologia Animal of Universidade de Passo Fundo (UPF), between the years of 2000 and
2014. Furthermore, a serological survey for the disease was conducted for 21 primates from the UPF
Z00, Rio Grande do Sul, Brazil, belonging to genera Sapajus and Alouatta. In a immunohistochemical
test performed using streptavidin-biotin-peroxidase, 26.53% positivity was detected in 98 primates.
Immunostainings revealed that infection differed among the lung (76.92%), liver (58.33%), heart (50%),
brain (42.30%), and kidney (23.07%) tissues. Serology performed through indirect hemagglutination
showed reactivity in 85.7% of the animals, all belonging to Sapajus sp., while the three primates that
did not show reactivity (14.3%) belonged to Alouatta sp.
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Resumo

A toxoplasmose ¢ causada por Toxoplasma gondii, um coccideo intracelular que infecta a maioria
dos vertebrados homeotérmicos. Esta doenca, de ampla distribuicdo mundial, ¢ fatal em primatas
neotropicais, 0s quais apresentam uma suscetibilidade peculiar, ainda ndo elucidada. Dado o crescente
nimero de 6bitos em primatas com fortes indicios da presenga de 7. gondii nos tecidos, o presente
estudo imuno-histoquimico teve por objetivo verificar o padrdo de distribuicdo de imunomarcagdes
relativas a este parasita nos primatas necropsiados no Laboratério de Patologia Animal da Universidade
de Passo Fundo (UPF), entre os anos 2000 e 2014. Realizou-se, ainda, um inquérito sorologico para 7.
gondii em 21 primatas neotropicais dos generous Sapajus e Alouatta pertencentes ao Zooldgico da UPF,
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Rio Grande do Sul, Brasil. A imuno-histoquimica realizada através do método da streptavidina-biotina-
peroxidase detectou 26,53% de positividade em 98 primatas. A distribuicdo das imunomarcagdes variou
entre os tecidos analisados: pulmao (76,92%), figado (58,33%), coracdo (50%), cérebro (42,30%),
e rins (23,07%). A sorologia dos 21 primatas, realizada através de hemaglutinagdo indireta, exibiu
reatividade em 85,7% dos animais, todos pertencentes ao género Sapajus, ¢ os trés animais negativos

(14,3%) pertenciam ao género Alouatta.

Palavras-chave: Imuno-histoquimica. Primatas. Toxoplasmose. Zoonose. Zoolodgico.

Introduction

Toxoplasmosis is a disease caused by
Toxoplasma gondii, intracellular parasitic coccidia
infecting most homeothermic vertebrates (WOLF,
2003; LINDSAY; DUBEY, 2007). The parasite can
be transmitted through the ingestion of sporulated
oocysts found in cat feces or cysts infecting raw
or undercooked meat, or transplacentally, when
primary infection occurs during pregnancy (INNES,

1997; DUBEY; LINDSAY, 2004).

The disease presents acute or chronic forms,
depending on the parasite-host interaction (INNES,
1997, DUBEY et al., 1998), and is commonly
severe and acute in Neotropical primates, which
show a peculiar, not yet elucidated, susceptibility
(ANDERSON; McCLURE, 1993; INNES, 1997).
Such susceptibility might be related to the arboreal
habits of primates, which lead to their non-exposure
to feline feces (INNES, 1997). Clinically, the disease
progresses rapidly and the animals die suddenly
(EPIPHANIO et al., 2003; GYIMESI et al., 2006;
SALANT et al., 2009). Although the relationships
between host susceptibility, parasite genotype, and
parasite virulence are not entirely known (PELAEZ
etal., 2011), the severity of the clinical condition in
Neotropical species seems to be independent of the
strain involved (SALANT et al., 2009).

In acute cases, the organs affected include the
lungs, liver, spleen, lymph nodes, intestine, and
brain, resulting in the replication and rupture of
host cells by tachyzoites leading to tissue necrosis
(EPIPHANIO et al., 2003). In cases where there is a
good immune response of the host to the parasite, the
infection becomes chronic, and it is thus possible to
observe the presence of cysts formed by bradyzoites

in the brain, skeletal muscles, and heart (DUBEY et
al., 2004).

Owing to lack of information on 7. gondii
infections in Neotropical primates inhabiting the
north of Rio Grande do Sul (RS) state, the present
work aimed to investigate the distribution of the
parasite in the tissues of primates necropsied at the
Animal Pathology Laboratory (APL) by performing
an immunohistochemical study. A serological
survey was also performed in captive populations of
Alouatta sp. and Sapajus sp. kept at the University
of Passo Fundo (UPF) Zoo.

Material and Methods
Samples

This research was authorized by the Ethics
Committee on Animal Use of the UPF, RS, under
proposal no. 006/2013 and registration no. 015/2012.

Tissues of all the primates sent to the Animal
Pathology Laboratory of the University of Passo
Fundo (APL-UPF) for necropsy between 2000 and
2014, and preserved in paraffin blocks, were selected
for the present study based on the availability of
paraffin blocks and degree of tissue autolysis.
Overall, tissues from 98 male and female primates,
mostly adults, and belonging to several genera were
studied. Genus Alouatta was the most frequent,
with 45 individuals (45.91%), followed by Sapajus
sp., with 21 individuals (21.42%), Callithrix sp.
with 14 individuals (14.28%), and Papio sp. and
Aotus sp., with two individuals each (2.04%); eight
individuals were unidentified (8.16%).

Because part of the samples collected during
the study period came from captive primates at
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the UPF Zoo, a serological study was performed
to complement the information obtained via
immunohistochemistry  (IHC) Blood
samples were collected from 21 primates, including

assays.

17 Sapajus nigritus, 1 Sapajus apella, and 2 Alouatta
guariba kept at the UPF Zoo, by performing the
standard procedure of physical containment and
using a dip net and leather gloves. Venipuncture
was performed on the femoral vein to obtain 3 ml
of blood from each animal. These samples were
centrifuged and their sera separated into aliquots.

Immunohistochemical assays

To perform IHC assays, the liver, kidney, lung,
heart, and brain tissues preserved in paraffin blocks
were selected (CUNNINGHAM et al., 1992;
EPIPHANIO et al., 2003; ANDRADE et al., 2007).
After sectioning paraffin blocks, the streptavidin-
biotin-peroxidase method was performed in
immunolabeling, using diaminobenzene (DAB)
as the chromogen and polyclonal anti-7. gondii
antibodies (1:100 dilution; code Z2197, Zeta
Corporation; Sierra Madre, CA, USA). The sections
were counterstained with hematoxylin and analyzed
under an optical microscope. Positive controls from
previously tested positive cases (OLIVEIRA et al.,

2009) were also used.

Serology

The indirect hemagglutination (IHA) test was
performed for the qualitative determination of
anti-7. gondii antibodies using the Immuno-HAI®
Toxoplasmosis Kit (Laboratoério Wama Diagnostica;
Sdo Carlos, SP, BR). The IHA technique was
the
recommendations, using the serum of the animals

performed according to manufacturer’s
to be tested diluted to 1/32 in a ready-to-use diluent
solution. Tests had a positive and negative control

for a correct interpretation of the results.

Statistical analysis

The data the IHC
(immunostaining of the different tissues) were

obtained in assays
analyzed using descriptive statistics and the results
were expressed in absolute (total) and relative
(percentage) frequencies. The data obtained in
the serological analysis (positive and negative
results) were analyzed through a contingency table,
followed by Fisher’s exact test, instead of Pearson’s
chi-square test, because the expected frequencies
were lower than 5%. Results were considered
statistically different when p < 0.05. The SPSS
statistical package, version 20.0, was used for data
analysis.

Results
Immunohistochemistry

Immunostaining was observed in 26 of the 98
primates examined, thus producing 26.53% of
positive results. The genus Alouatta had the highest
frequency, with 15 of the 45 individuals showing
positive results (33.33%), followed by Callithrix
(5 of 19; 26.31%), and Sapajus (4 of 22; 18.18%).
Among the genera with the lowest number of
individuals showing positive immunostaining were
Papio, Aotus, and other unidentified genera (2 of
12; 16.66%).

Twenty cases showed immunostaining in the
lung (76.92%), 14 in the liver (58.33%), 13 in the
heart (50%), 11 in the brain (42.30%), and 6 in the
kidneys (23.07%). In seven cases, immunostaining
was only observed in one of these organs (26.92%),
whereas in 19 cases, staining was observed in two
or more organs (73.07%).

Regarding localization, immunostaining patterns
differed among the studied organs and, in most
cases, there was simultaneous immunostaining at
more than one site within the same tissue (Table 1).
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Table 1. Toxoplasma gondii infectious stages distribution and their immunostaining frequency in each studied organ
of the 26 primates necropsied in at the Animal Pathology Laboratory of the University of Passo Fundo, according to
the immunohistochemistry assays performed using streptavidin-biotin-peroxidase.

Organ Infectious stage Distribution Absolute  Relative
frequency frequency
Lung Tachyzoites Interstitial 19/20 95%
Alveolar macrophages 7/20 35%
Cysts Interstitial 15/20 75%
Alveolar macrophages (Figure 1A) 6/20 30%
Close to the alveolar sacs (Figure 1B) 1/20 5%
Liver Tachyzoites Hepatocytes 8/14 57.14%
Kupfter cells (Figure 1C) 9/14 64.28%
Portal tract 1/14 7.14%
Central lobe region 1/14 7.14%
Cysts Hepatocytes 14/14 100%
Kupffer cells 6/14 42.85%
Inflammation areas 1/14 7.14%
Central lobe region 1/14 7.14%
Heart Tachyzoites Muscle fibers 8/13 61.53%
Cysts Muscle fibers 11/13 84.61%
Brain Tachyzoites Neuropil (Figure 1C) 7/11 63.63%
Necrotizing encephalitis (Figure 1D) 1/11 9.09%
Cysts Neuropil 10/11 90.90%
Necrotizing encephalitis 1/11 9.09%
Kidneys Tachyzoites Tubular cells 3/6 50%
Macrophages 2/6 33.33%
Location could not be determined due to autolysis 1/6 16.66%
Cysts Tubular cells 5/6 83.33%
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Figure 1. Immunohistochemistry assays performed for detecting Toxoplasma gondii. A) Lung. Immunostaining in
interstitial cells. Cyst and tachyzoites (curved arrow), and cyst in macrophage (arrow). B) Lung. Immunostaining in
cysts, close to alveolar sacs (arrow). C) Liver. Immunostaining in hepatocytes (curved arrow), and Kupffer cells (arrow)
and in areas of degeneration and hepatocellular necrosis. Cysts and tachyzoites. D) Brain. Immunostaining close to
necrotizing encephalitis. Cysts (arrow) and tachyzoites (curved arrow). Magnification = 400X in all photomicrographs.

Serology genera differed, as all positive animals were
Sapajus spp. while the negative ones were A.

Serological tests were positive in 18 primates
guariba (Table 2).

(85.7%) and negative in 3 (14.3%). The studied

Table 2. Prevalence of anti-Toxoplasma gondii antibodies in primates of the genera Sapajus and Alouatta, kept at
the Zoo of the University of Passo Fundo, Rio Grande do Sul, Brazil, obtained using the indirect hemagglutination
qualitative technique.

Sapajus sp. Alouatta sp. Total
Positive 18 (85.7%) 0 (0.0%) 18 (85.7%)
Negative 0 (0.0%) 3 (14.3%) 3 (14.3%)
Total 18 (85.7%) 3 (14.3%) 21 (100%)
DF P
Fisher’s exact test 1 <0,001*

DF = degrees of freedom; *values lower than 0.05 indicate a significant difference.
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Discussion

The THC assay performed in the present study
was an important tool for the identification of
T gondii in tissues and, consequently, in the
confirmation of the disease. The advantage of using
IHC was also reported by Motta et al. (2008) and
Silva et al. (2013a), who obtained similar results
in sheep tissues. Although toxoplasmosis can be
presumptively diagnosed through histopathology,
as structures compatible with this protozoan can be
visualized (ROSA et al., 2001; SILVA; LANGONI,
2001), a definitive diagnosis can be obtained using
IHC (ANDRADE et al., 2007, CASAGRANDE et
al., 2013), which emphasizes the relevance of this
test for diagnostic certification.

In our study, both cysts and tachyzoites were
found throughout the brain and myocardial tissues
of Alouatta, Callithrix, and Sapajus specimens.
Cysts and tachyzoites are commonly distributed in
several organs, although cysts are more prevalent
in neurologic or muscular tissues (DUBEY et al.,
2004).

Mononuclear infiltration and
necrosis have occasionally been observed in
association with immunostaining. Neurological
lesions such as necrotizing encephalitis, first
detected in hematoxylin e eosin staining (HE),
showed structures that suggested the presence of the
protozoan and have also been reported in humans
with HIV (KUMAR et al., 2010). According to
Navia et al. (1986), in cerebral toxoplasmosis, the
lesions show a necrotizing organized or abscessive
pattern and tissue damage caused by the infection,
and require host’s immune response. Similar to the
findings of Casagrande et al. (2013), the structures
observed in the present study were pyriformor oval,
found free or inside macrophages, and intralesional.
addition, staining
was observed in the cytoplasm of macrophages
or free, mainly in the lung and liver. Through
the
performed on captive primates, the parasite also

inflammatory

In immunohistochemical

immunohistochemical assays for 7. gondii

detected in the liver, kidney, lung, heart, and brain
tissues, with reactions having different intensities
(CUNNINGHAM et al., 1992; EPIPHANIO et al.,
2003; ANDRADE et al., 2007). In addition, staining
has also been described in mesenteric lymph nodes
(ANDRADE et al., 2007), lymph nodes, spleen,
adrenal gland, arteries, large and small intestines,
pancreas, adipose tissue, bone marrow, uterus,
ovaries, testis, thyroid, neurohypophysis, mesentery,
tongue, tonsils, and skeletal muscle (EPIPHANIO
et al., 2003).

Toxoplasma gondii 1is responsible for the
increased mortality of Neotropical primates,
both free-living and captive, as they frequently
develop acute and fatal infections. Acute episodes
of toxoplasmosis in monkey squirrels (Saimiri
sciureus) have been reported in several zoos
around the world (SALANT et al., 2009) and 100%
morbidity and 30% mortality were reported in a
colony of 17 primates (CUNNINGHAM et al.,
1992). Although the cause of such high mortality
rates has not been clarified, the sensitivity reported
for New World primates was similar to that of
immunocompromised humans (CUNNINGHAM et
al., 1992). The results of the immunohistochemical
assays performed in the present study indicated that
the disseminated form of the disease affected many
animals. This fact, together with the high frequency
of seropositive animals revealed by the serological
test, corroborates the afore mentioned theory.

In Brazil, serological investigations on
Neotropical primates showed variable results and in
most cases, as in the present study, the percentage of
seropositive animals was high. At the Wild Animal
Triage Center/IBAMA, Seropédica, Rio de Janeiro,
Brazil, 16 of the 21 Sapajus sp. individuals (76.2%)
showed a serological reaction (PIRES et al., 2012).
High percentages were also found in Parana (13 of
43;30.2%) (GARCIAetal., 2005), Sdo Paulo (3 of 5;
60%) (SANCHIS et al., 1972), and Mato Grosso do
Sul (4 of 13; 30.8%) (LEITE et al., 2008). However,
in an ecological station in Sao Paulo, only 3 of 36

(8.33%) capuchin monkeys (Sapajus apella) were
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seroreactive (SILVA et al., 2013b); however, unlike
the UPF’s Zoo primates, these were free-living.

In conclusion, THC was useful to identify T
gondii in tissue fragments in paraffin blocks,
for a short or long period, and in observing the
distribution patterns of the protozoan in primate
tissues. Although the necropsied animals were not
serologically evaluated, the serological survey
carried out on UPF’s Zoo primate populations
demonstrated that 7. gondii infection was highly
the results of the

prevalent, corroborating

immunohistochemical study.
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