Accepted Manuscript

EXPERIMENTAL

PARASITOLOGY

Genotyping of Toxoplasma gondii: DNA extraction from formalin-fixed paraffin-
embedded autopsy tissues from AIDS patients who died by severe disseminated
toxoplasmosis

Inara Bastos da Silva, Tatiana Pimental de Andrade Batista, Roosecelis Brasil
Martines, Cristina Takami Kanamura, Isabelle Martins Ribeiro Ferreira, Jose Ernesto
Vidal, Vera Lucia Pereira-Chioccola

PII: S0014-4894(16)30030-3
DOI: 10.1016/j.exppara.2016.03.004
Reference: YEXPR 7202

To appearin:  Experimental Parasitology

Received Date: 6 January 2016
Revised Date: 25 February 2016
Accepted Date: 4 March 2016

Please cite this article as: Bastos da Silva, I., Pimental de Andrade Batista, T., Martines, R.B.,
Kanamura, C.T., Ribeiro Ferreira, I.M., Vidal, J.E., Pereira-Chioccola, V.L., Genotyping of Toxoplasma
gondii: DNA extraction from formalin-fixed paraffin-embedded autopsy tissues from AIDS patients
who died by severe disseminated toxoplasmosis, Experimental Parasitology (2016), doi: 10.1016/
j-exppara.2016.03.004.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.exppara.2016.03.004

Genotyping of Toxoplasma gondii: DNA extraction from formalin-fixed paraffin-embedded autopsy
tissues from AIDS patients who died by severe disseminated toxoplasmosis.

Inara Bastos da Silval, Tatiana Pimental de Andrade Batista?, Roosecelis Brasil Martines3, Cristina Takami Kanamura3, Isabelle
Martins Ribeiro Ferreiral 4, Jose Ernesto Vidal?; Vera Lucia Pereira-Chioccolal*

1. Laboratério de Biologia Molecular de Parasitas e Fungos, Centro de Parasitologia e Micologia, Sdo Paulo, Brazil; 2. Instituto
de Infectologia Emilio Ribas, S&o Paulo, Brazil; 3. Centro de Patologia - Instituto Adolfo Lutz, S&o Paulo, Brazil; 4. Superviséo
de Vigilancia em Saulde de Santo Amaro/Cidade Ademar, Prefeitura Municipal de Sdo Paulo, Brazil. 5. Departamento de
Moléstias Infecciosas e Parasitarias do Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao Paulo, Brazil.

This study investigated the genetic features of T. gondii DNA in autopsies of HIV-infected patients who
died with severe disseminated toxoplasmosis

Gender ) .2 Autopsy Genotype
Patient - Code” (/;eg?s) (clinical, imagl:()elsag:gsI‘:boraﬁory data) T Fg’]gr?dii serTIng h;gf.?éghﬂgﬁy
Patient 1 A04/05 M/39 dimggﬁdm}%ﬂnaz;ﬁsi 32 ¢ pos pos pos TgHuDisl
Patient 2 A13/05 F/31 disseminated toxoplasmosis pos pos pos TgHuDIs2
Paient 3A2105  Fi24 dissemi::}fg&%?gbﬁgfsmd pos pos pos TgHUDIS3
Patient4A3505  MJ39 disseminated toxoplasmosis pos pos pos TgHuDist
Patient 5A606  M/40 e pos pos pos TgHuDis
Patient 6A17/06  F/3l disseminated toxoplasmosis pos pos pos TgHuDist
Patient 7 A21/07 M/50 disseminated toxoplasmosis pos pos pos TgHuDis5
Patient 8 A11/08 /38 disseminated toxoplasmosis pos pos pos TgHuDisS
Patient 9A21/08  F/48 R B D EE TS pos pos pos TgHUDIs3
Petient 10A308  Fl42 disseminated toxoplasmosis pos pos pos ToxoDB #11
Patient 11 A12/09 M/30 disseminated toxoplasmosis pos pos pos TgHuDisl
Patient 12 A39/09 M/40 disseminated toxoplasmosis pos pos pos TgHuDisl
Patient 13 A0210 M/43 disseminated toxoplasmosis pos pos pos TgHuDisl
Patient 14 AB/11. F30 disseminated toxoplasmosis pos pos 0os TgHuDisl

disseminated toxoplasmosis TgHuDisl

Patient 15 A21/11 M/59 pos pos pos
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Abstract

This study investigated the genetic featuresTofgondii isolated directly in
autopsies of HIV-infected patients who died witlvese disseminated toxoplasmosis.
This retrospective analysis was conducted in a a¥fal5 HIV-infected patients with
clinical and laboratory data. They had previougbsal toxoplasmosis at least 6 months
before the disseminated toxoplasmosis episode. Hyjpothesis was that they were
infected with highly virulent parasites due to ttendition in which they diedl. gondii
genotyping was done directly in DNA extracted fr@&@ autopsy brain and lung
samples (2 per patient) and mutilocus PCR-RFLP typna was done using 12
molecular markers. The 30 clinical samples wereotygred successfully in 8 or more
loci and six suggestive genotypes were identifl@de of them was Toxo DB #11,
previously identified in different domestic animalsd virulent in experimental animals.
The other five suggestive genotypes identified #h datients were not described.
TgHuDisl was the most frequent and was determined in &matiTgHuDis3 and
TgHuDis5 were identified in two patients eachgHuDis2 and TgHuDis4 have been
identified in one patient each. These suggestiveotypes could be considered as
virulent, since they caused severe tissue damatydah similar characteristics asxo
#DB 11.

Keywords: Disseminated toxoplasmosis, Brazilian AIDS paseibxoplasma gondii

genotyping.



1. Introduction

Toxoplasma gondii has been reported to infect all warm-blooded maramal
worldwide, including one third of the global humaopulation (Montoya and
Liesenfeld, 2004; Dubey, 2008). Intermediate hastected with T. gondii develop
tissue cysts in a number of organs, such as ircénéral nervous system and skeletal
muscle (Montoya and Liesenfeld, 2004). In asympt@mmaumans, mild symptoms
occasionally occur during the first few weeks. Hoare around 10-20% of cases Tof
gondii infection become symptomatic (Dubey, 2008; Dubeyle 2012; Hill et al.
2012).

In  immunocompromised patients, especially those hwithuman
immunodeficiency virus (HIV) infection, the readaion of latent infection can cause
life-threatening encephalitis (Montoya and Liesé&hf@004; Pereira-Chioccola et al.,
2009). Although toxoplasmosis, most often, preserstsa localized central nervous
system infection, patients are also exposed tcedissmated toxoplasmosis. This form
affects more than two organ systems, being a datagtopportunistic infection with
very high mortality rates. Although its occurrenseare, its clinical evolution is similar
to sepsis and is correlated with a bad prognosim@Poy and Filice, 1992; Medeiros et
al., 2001; Bossi and Bricaire, 2004, SaadatniaGoltar, 2012; Schmidt et al., 2013).

Genetic diversity ofT. gondii strains has been an interesting and important
subject in medical research, since it is possiblestudy the potential correlation
between parasite genotype and disease patternsfantad patients (Dubey, 2008;
Pereira-Chioccola et al., 2009). Studies using ifdus markers showed a higher
genetic variability with distinct genotypes (Suatt, 2006). In Brazil, analysis of the

isolates from domestic animals revealed that thgnitya of the strains were grouped



into four genotypes considered common clonal liesaBrl Brll, Brlll, and BrlV)
(Pena et al., 2008).

Several genotyping studies have been performedraniln T. gondii strains
isolated in experimental mice and the majority loérmh were obtained from animal
infection (Dubey et al., 2007; Dubey et al., 20B8na et al., 2008; Ragozo et al., 2010).
Studies onT. gondii strains obtained from human infection are uncommoe to the
difficulty of strain isolation in experimental anais (Carneiro et al., 2013). In addition,
ethical animal committees around the world reconunerderate or minimal use of
experiential animals. Despite these difficultiesany genotyping studies analyzéd
gondii DNA extracted directly from clinical sample, thairovided important
information on T. gondii genotyping in human congenital, ocular, and celebr
infections (Fuentes et al., 2001; Grigg et al., 208jzenberg et al., 2002; Vallochi et
al., 2005; Gallego et al., 2006; Nowakowska et aDQ6; Ferreira et al., 2008;
Alzenberg et al., 2009; Delhaes et al., 2010; Feret al., 2011).

According to Ferreira et al. (2011), patients wghod clinical evolution
including ocular, congenital, and cerebral infeasiowere infected with strains
belonging to genotype Toxo DB 65. However, HIV-ecdted patients who developed
diffuse toxoplasmosis and died were infected withgondii strains belonging to
different genotypes (Toxo DB 6 and Toxo DB 7). Ténéadings led us to suppose that
some genotypes could be more virulent in humanse@an the idea of correlation, the
severity of the infection and parasite isolates ttudy aims to investigate the genetic
features ofT. gondii isolated directly in autopsy samples from HIV-ictied patients

died of severe disseminated toxoplasmosis.



2. Materials and Methods

2.1. Ethics statement
The Ethics Committee of all involved Institutionspaoved the entire study,
which was performed according to recommendatiorth@isame Committee (CONEP-

IAL number: 186 971).

2.2. Patients and autopsy samples

This retrospective study was conducted using 30psy samples extracted
from brain and lung tissues from 15 HIV-infectedigats who died at the Instituto de
Infectologia Emilio Ribas located in Sao Paulo, #irdrom severe disseminated
toxoplasmosis. These formalin-fixed paraffin-emleti§FFPE) tissues were sectioned
in 4-um-thick fragments for histopathological, immahistochemical and molecular
diagnosis, as well asT. gondii genotyping. Pre-mortem diagnosis of cerebral
toxoplasmosis was defined according to previousforted "“clinical and radiological
criteria” (Vidal et al., 2005). Disseminated toxaginosis was defined since all patients
hadT. gondii infection in, at least, two non-contiguous orgémsin and lung). Severe
disease was defined because disseminated toxomesmvas the direct cause of the
deaths, which occurred between 2005 and 2011. Thapsy samples were sent to

Instituto Adolfo Lutz for histopathological analyse

2.3. Histopathological and immunohistochemical diagnosis
For histopathological analyses, FFPE sections wtmed with hematoxylin-
eosin. For immunohistochemical analyses, positivé @egative controls consisted of

known positive human tissue samplesTogondii and the primary-antibody omission,



respectively. Immunostained procedures were peddrrafter removing paraffin in
xylene and rehydrating in baths with decreasingceantrations of ethanol and in
distilled water, and then submitted to an antigamieval procedure in a 10-mM citrate
buffer, pH 6.0 in a pressure cooker for 3 minutesder pressure. Endogenous
peroxidase activity blockage was obtained with 6%rogpide hydrogen solution
treatment. The sections were immediately incubat#ld a mouse polyclonal anfi-
gondii diluted in 1% bovine soroalbumine in phosphatddrefl saline (PBS) and tissue
sections were incubated overnight at 4° C. An dicption signal was obtained by
peroxidase conjugated polymer (Spring Bioscientk®), in a 30-minute incubation
step at 37°C. Color development was obtained wiéimahobenzidine (Sigma, USA,
100 mg% in PBS, 0.1% peroxide hydrogen) chromogsulistrate, followed by light
counterstaining with Harry’'s hematoxylin and per@in mounting with Entellan

(Merck, Germany).

2.4. T. gondii reference strains
The reference strains GTI, RH, PTG, ME49, CTG, VEGgCgCal

(COUGAR) and MAS, TgCatBr5 were used as positivatad and as genotype
indication in each genetic marker. RH, ME49 and VpR&asites were grown and
maintained in VERO tissue cells. Tachyzoites wenerésted from culture supernatants,
centrifuged and washed twice at 2,§@6r 10 min in PBS, pH 7.2. The parasite pellets
were used for DNA extraction. Samples of DNA frohe tother strains were kindly
provided by Dr Chunlei Su frorbepartment of Microbiology, The University of

Tennessee, Knoxville, USA.



2.5. DNA extraction

DNA molecules were extracted from 5 sections ofrdjhick FFPE/each from
brain and lungs using DNA extraction kit QlAamp® BN-FPE Tissue (Qiagen),
according to the manufacturer’s instructions. Bef@utopsy fragments were dissolved
in xylene (1 mL) for 30 seconds and, centrifuged18 000 g for 2 minutes.
Supernatants were removed and pellets incubatetiOfaninutes, at room temperature
for complete xylene evaporation. DNA molecules friathyzoites were extracted using
QIAamp® DNA Mini Kit (Qiagen). DNA pellets were dislved in ultra-pure water. All
DNA sample purities were determined by the ratidOofD. at 260 and 280 nm in a

NanoDrop ND1000 (Thermo Scientific).

2.5. PCR for diagnosis

The amplifications and primer selection were caroat as previously described
(Colombo et al., 2005; Ferreira et al., 2011). TH¢A samples (or controls) and 25
pmol of each primer were added to a kit purchagech fPromega (Go Tag Green
Master Mix). The PCR mix (12.6L) was composed of 1 unit of Taq DNA polymerase,
10 mM Tris-HCI, pH 8.5; 50 mM KCI; 1.5 mM Mggland 200 mM of each of each
dNTP. Each amplification run contained two negatweatrols (ultrapure water and a
negative DNA for toxoplasmosis) and one positivatoad (DNA extracted from RH
strain). The primer pair used was B22/B23, whistphfied a 115-bp sequence from a
specific repetitive region of the B1 gene as taf@xilombo et al., 2005; Burg et al.,
1989). To control the course of extraction and khiee PCR inhibitors, all samples
were assayed using the primer pilyf2, which amplified a 140-bp fragment of the
humanp-globulin gene. After thermal cycles, PCR prodwetse electrophoresed in 2%

agarose gel and stained with ethidium bromide aswhlized under UV illumination.



2.7. PCR-RFLP for genotyping

The genotypes ofl. gondii were performed using multiiocus PCR-RFLP, as
previously described (Su et al., 2006; Su et 811,02 Ferreira et al., 2011). The genetic
markers were SAG1, SAG2 (5-and 3'-SAG2, alt. SAGA53, BTUB, GRAG, C22-8,
c29-2, L358, PK1 and Apico. The set of reactionluded: (i) multiplex PCR; (i)
nested PCR; and (iii) amplified product treatmerithwrestriction enzymes. Each
reaction set included two negative controls (ultrapwater and a negative DNA for

toxoplasmosis); and at least 5 positive contragefence strains).

2.8. Data analysis

The DNA profiles after restriction enzyme digestiovere compared with the
reference strains. The genotyping results were daase’suggestive genotypes’ since
analyses were made T gondii DNA extracted from clinical samples and isolatimin
live parasites was impossible. Next, they were amangh identified and matched to

those listed in ToxoDB at http://toxodb.org/toxo/ .

3. Results

The 15 deceased patients had diagnosis of sevesendinated toxoplasmosis,
according to the clinical diagnosis, as well asge thistopathological and
immunohistochemical analysis in the autopsy fragsehhe fragments had numerous
T. gondii cysts, especially in the 30 brain and lung sampkedl in this studyin the
same way, the 30 DNA samples extracted from autepsyples were positive in PCR
using the primer pair B22/B23. The quality and puaf the extractions were checked

by positive reaction using the primer pgdr/p2.



In order to investigate whether these patients ccdwlve been infected with
more than ond. gondii strain, the genotyping experiments were carrieddaoalyzing
DNA extracted from two different sites: brain anghdg. As shown in Table 1, no
different genotyping was shown in the same patient.

The 30 clinical specimens (two of each patient)ensrccessfully genotyped at 8
or more genetic loci. Among them, six suggestivieaggpes were identified. According
to analysis carried out in ToxoDB, the suggestigaajype of Patient 11 was identified
as Toxo DB genotype #11. The other 5 suggestivetgpas identified in 14 patients
were considered new types not reported previoUsfiHuDisl was the most common,
being found in 8 patients, including patient 1 (@€, patient 2 (11 loci), patients 5, 6,
12, 13, 14, 15 (8 loci)TgHuDis3 was shown in patients 4 (9 loci) and 10 (8 loci);
TgHuDIS5, in patients 8 and 9 (8 loci).gHuDis2 andTgHuDis4 were seen in patients
3 (9 loci) and 7 (8 loci) respectively. Table 1 wisdhe genotypes in details.

The clinical and laboratory data are shown in TahleThe clinical records
reported that all of them had brain histopatholafyicesults consistent with
toxoplasmosis, including the identification ©f gondii antigens. They previously had
an episode of cerebral toxoplasmosis and were ssitdly treated. Next they
developed the disseminated infection, at least Bthsoafter the cerebral toxoplasmosis
episode. Even with the second round of treatmauipliadiazine, pyrimetamine and
folinic acid), they died. Two patients had co-irffens (patient 1, cytomegalovirus

encephalitis; and patient 3, neurotuberculosis).

4. Discussion
Toxoplasmosis is an asymptomatic disease in theorithaj of infected

individuals. The association of toxoplasmosis-AlD$§ually occurs in the neurological
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disease due to the opportunistic nature of thesgiardn Brazil, despite advances in the
treatment of the co-infection, in the post-HAARTaethe prevalence of symptomatic
toxoplasmosis in AIDS patients is still high andtlwiconsiderable morbidity and
mortality, but the worst form of the infection, signinated toxoplasmosis, is rare (Vidal
et al., 2005; Pereira-Chioccola et al., 2009; Saealand Golkar, 2012).

The cohort of 15 patients consisted in 8 males afemales, aged 24-59 years
and the deaths occurred over six years, betweerb 20@ 2011. These cohort
characteristics are rare and important for clineg@itiemiological studies.

This study reports the genetic characteristics. gondii DNA extracted directly
from human autopsies preserved in paraffin. TheiBaa studies showed high genetic
diversity in BrazilianT. gondii populations (Dubey et al., 2012). The majoritytluése
studies were done in animals. Parasites that sedviv studied clinical samples were
previously isolated in several experimental micefolee mutilocus PCR-RFLP
genotyping (Dubey et al., 2007; Pena et al., 200ey, et al., 2008a).

The study ofT. gondii diversity selecting parasite DNA directly from ctal
specimens is challenging, since chronic infectgooharacterized by tissue cysts and the
absence of circulating parasites. Neverthelessyimptomatic infection caused by any
immunosuppressiof,. gondii DNA can be detected in biological fluids (Valloctial.,
2005; Khan et al., 2006; Ferreira et al., 2006ré¢tex et al., 2008).

The first studies using multilocus PCR-RFLP genotgpdirectly in human
clinical samples analyzed two to four loci. The utes were limited because
recombinant strains were not diagnosed (Vallochialet 2005; Khan et al., 2006;
Ferreira et al., 2006; Ferreira et al., 2008). Restudies analyzed a larger number of
loci (around 11 molecular markers) (Su et al., 300®e results revealed a diverse

population structure with large number of genotypéth typical Brazilian strains
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(Dubey et al., 2007; Dubey et al., 2008a; Penal.et2808; Ferreira et al., 2011).
Multilocus PCR-RFLP genotyping allowed determinataf multiple loci using a small
amount of DNA extracted from tissues, such as ecesginal fluid, amniotic fluid or
blood, but only a small portion of clinical sampbeg genotyped (Ferreira et al., 2011).
The advantage of multilocus PCR-RFLP genotypinthis study was that it allowed for
extracting DNA from tissues preserved for at |leE3tyears. However, only a small
portion of clinical samples was totally genotypsdnbultiiocus PCR-RFLP genotyping
using the 11 molecular markers.

Studies using DNA extracted directly from clinicapecimens have
disadvantages (Su et al., 2010; Ferreira et allL1R0Some clinical samples have
disadvantages of being gondii DNA, thus, molecular markers that amplify the Iscu
with a single copy, such as APICO, PK1 and L358 meely amplified. These
molecular markers have low sensitivity in PCR-RFidMmpared with the B1 gene that
is highly repetitive (35 copies in the genome) asdd in PCR for molecular diagnosis
(Burg et al., 1989; Colombo et al., 2005; Su et2010). The suggestive genotypes in
this study were determined when, at least, 8 l@rewdentified. The molecular markers
SAG1, SAG2 (5'-SAG2 and 3'SAG2), SAG2 (New) and SABowed good sensitivity
(30/30). On the other hand, the molecular markelCAR which amplifies a sequence
in apicoplast showed poor sensitivity (12/30). TDhieer disadvantage in this study was
the impossibility of checking the virulence Bfgondii strains in experimental animals,
since the autopsies were preserved in paraffirafdeast 4 years. In addition, strain
isolation in experimental mice from human clinisaimples is very difficult and many
animals are used. DNA controls were included irheaaction to control contamination
in all experiment stages. The controls includedjondii DNA and negative DNA for

toxoplasmosis. Questionable results were retesiegrévent contamination. The 30
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clinical samples were genotyped successfully im Bore loci, but the same suggestive
genotype was identified in autopsies of brain amgylof each patient.

Despite that multilocus PCR-RFLP genotyping Togondii DNA was collected
from autopsy samples fixed in formal and embeddegadraffin, 6 genotypes were
identified. Thus, these autopsy samples providgmbimtant information.

According to the analysis carried out in Toxo DBem®f them was identified as
Toxo DB # 11 (Patient 11, died in 2009). This ggpetwas previously identified in
chickens, capybaras, dogs, sheep, rabbits andudtom different geographic regions
of Brazil, Argentina and the USA (Dubey et al., ZD®ena et al., 2008; Yai et al.,
2009; Ragozo et al., 2010; Silva et al., 2014; Duéteal., 2012). In another study, one
strain belonging to Toxo DB # 11 was isolated franmbaby infected through the
congenital route (Carneiro et al., 2013). The straas isolated in experimental mice
and histopathological analysis verified that lursgues were seriously injured causing
mortality in the animals (Pinheiro et al., 2015)he$§e occurrences confirm the
importance of these animals as reservoirs for huimigetion also described by others
(Ferreira et al., 2011, Silva et al, 2014; Pinheital., 2015).

The other five identified suggestive genotypes tmmd been described in
ToxoDB. We named themigHuDis (T, gondiiHumanDisseminated), 2, 3, 4, andb.
The condition in which the patients died suggedsét these suggestive genotypes can
also be virulentTgHuDisl was the most frequent as it was determined inti@ma (1,
2,5,6,12, 13, 14, 15). The deaths occurred 052Q patients), 2006 (2 patients), 2009
(1 patient), 2010 (1 patient) and 2011 (2 patienigHuDis3 was identified in one
patient (4) died in 2005 and the other (10) in 20&ilarly, TgHuDis5 was identified
in 2 patients (8, 9), who died in 200BgHuUDis2 and TgHuDis4 were identified in 1

patient (3), who died in 2005 and another (7), wirexl in 2007, respectively. Despite
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the impossibility in characterizéen vivo the virulence of isolated strains, these
suggestive genotypes could be considered virulemdesthey caused severe tissue
damage and had similar characteristics as Toxo#1DBlbwever, the immunological
and genetic deficiencies of patients should alseegarded.

The 15 patients were diagnosed and treated in Sélo Rt different times, with
the site of infection being uncertain. These daa contribute to better understanding
of the epidemiology of toxoplasmosis in humans.sTstudy verified the possibility of
performing multilocus PCR-RFLP genotyping in autppsaraffin embedded and stored
for a long time. The use of experimental animals wat necessary since the isolation
of T. gondii strains in experimental mice was not possible.sThgood practices in
research and animal ethics were followed, as thegaoibe that laboratory animals

should only be used when they are really needed.
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Legendsto tables

Table 1. T. gondii genotypes determined in 30 human autopsy sampésemed in

paraffin from 15 deceased patients (with dissersshédxoplasmosis)

Table 2. Clinical and laboratory diagnostic results of tledkad patients
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Table 1
Markers
Clinical samples
Codelyear of 5'+3' _ Genotype
sample collection SAGL  SAG2 SAG2 SAG3 BTUB GRA6  c22-8 c29-2 1358 PK1

Patient 1 A04/05/Lung | | | I i i i | | | nd  TgHuDisl
A04/05/Brain | | | 1 Il Il Il | | | nd

Patient 2 A13/05/Lung | | | I I I I | ! | | TgHuDisl
A13/05/Brain | | | Il 1 1 Il | | | |

Patient 3 A21/05/Lung I | | I Il Il Il | nd nd | TgHuUDIs2
A21/05/Brain I | | 1 i i i | nd nd |

Patient 4 A35/05/Lung | I | Il I I Il | | nd nd TgHuUDIs3
A35/05/Brain | I | Il I I i | | nd nd

Patient 5 A6/06/Lung | | | I Il Il Il | nd nd nd  TgHuDisl
A6/06/Brain | | | 1 i i i | nd nd nd

Patient 6 A17/06/Lung | | | Il I I i | | nd nd TgHuDisl
A17/06/Brain | | | Il I 1 nd | | nd nd

Patient 7 A21/07/Lung | I | I | nd nd | i | nd  TgHuDis4
A21/07/Brain | I | 1 | nd nd | i | nd

Patient 8 A11/08/Lung | I I I nd I nd nd | | | TgHuUDIs5
A11/08/Brain | I I i nd 1 nd nd | | |

Patient 9 A21/08/Lung | I I I nd Il nd nd | | | TgHuUDIs5
A21/08/Brain | I I 1 nd i nd nd nd | |

Patient 10 A31/08/Lung | I | I I I nd nd | nd | TgHuDIs3
A31/08/Brain | I | I I I nd nd | nd |

Patient 11 A12/09/Lung | | I i i i | i | I nd  ToxoDB #11
A12/09/Brain | | I 1 i i | 1 | nd nd

Patient 12 A39/09/Lung | | | Il I I | | nd nd | TgHuDisl
A39/09/Brain | | | Il I I nd | nd nd |

Patient 13 A02/10/Lung | | | I Il Il | nd | | nd  TgHuDisl
A02/10/Brain | | | 1 i i | nd | | nd

Patient 14 A6/11/Lung | | | Il I I nd | | nd nd  TgHuDisl
A6/11/Brain | | | Il I Il nd | | nd nd

Patient 15 A21/11/Lung | | | I nd Il Il | | | nd  TgHuDisl
A21/11/Brain | | | 1 nd i i | | | nd

ToxoDB #11 was previously identified in chickens (TgCkBr89)damats (TgCatBr82) in Brazil. This genotype is alkoown as type Brl (published in ToxoDB
http://toxodb.org/toxo/). nd, not determined.
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Table 2.
. . . +
Patient - Codé ?:;Ser (clinical, imagleiggr?g Iilboratory data) T. Zgr:?jii TO);ZF;(I)?SQ/OS" E;Drﬁ/ set'(I)\I{)gy hisﬁ)lggtﬁ)ws(')){(_)_gy e
(years) counts for T. gondii

Patient 1 A04/05 M/39 di:;tzrrgigg;?gv?gso2Ir?csen|13(r)121il?ti2m pos nd nd pos pos TgHuDisl
Patient 2 A13/05 F/31 disseminated toxoplasmosis pos nd 159 pos pos TgHUDIs2
Patient 3 A21/05 F/24 dissemri]réitriiiutk?é&p:jl% SSTQOSiS an pos nd 115 pos pos TgHuDIs3
Patient 4 A35/05 M/39 disseminated toxoplasmosis pos nd nd pos pos TgHuDisl

Patient 5 A6/06 M/40 clEsemmeiee {oepRemess pos nd 21 pos pos TgHuDisl
Patient 6 A17/06 F/31 disseminated toxoplasmosis pos pos 83 pos pos TgHuDisA
Patient 7 A21/07 M/50 disseminated toxoplasmosis pos nd nd pos pos TgHuDis5
Patient 8 A11/08 £/38 disseminated toxoplasmosis pos nd 20 pos pos TgHuDis5
Patient 9 A21/08 F/48 clesemmeiee o epRemess pos nd nd pos pos TgHuDIs3
Patient 10 A31/08  F/42 disseminated toxoplasmosis pos nd 236 pos pos ToxoDB #11
Patient 11 A12/09 M/30 disseminated toxoplasmosis pos nd 93 pos pos TgHuDisl
Patient 12 A39/09 M/40 disseminated toxoplasmosis pos nd nd pos pos TgHuDisl
Patient 13 A02/10  M/43 Gisseninaicalioxopiasmosis pos nd 117 pos pos Vg il
Patient 14 A6/11 £/30 disseminated toxoplasmosis pos pos nd pos pos TgHuDisl
Patient 15 A21/11 M/59 disseminated toxoplasmosis pos pos nd pos pos TgHuDisl

! paraffin block code/year of death and autopsyectithn;? Diagnosis was defined by clinical, images and latmy data as described in Materials and Methodsose? Number of CD4+
T lymphocytes/pl of blood; nd, not determined; neg, negative; pos, positive.



Highlights
This study investigated the genetic features of T. gondii
DNA was isolated directly in 30 autopsies of brain and lung
Cohort of 15 HIV and disseminated toxoplasmosis patients were investigated
The analysis was conducted by Mutilocus PCR-RFLP genotyping

Six suggestive genotypes of T. gondii were determined



