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RESEARCH ARTICLE
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BACKGROUND Toxoplasma gondii is a apicomplexan parasite of virtually all warm-blooded species. All true cats (Felidae) can 
act as definitive hosts for this parasite by shedding resistant oocysts into the environment. However, the patterns of oocysts 
shedding are only partially understood in domestic cats and largely unknown in wild felids.

OBJECTIVES We carried out molecular analysis of 82 faecal samples from wild felids collected in the Serra dos Órgãos National 
Park (Parnaso), Rio de Janeiro, Brazil.

METHODS We screened samples for T. gondii DNA using a quantitative polymerase chain reaction (qPCR) targeting the 529bp 
DNA fragment. Polymerase chain reaction (PCR)-positive samples were genotyped using 15 microsatellite markers.

RESULTS Only one faecal sample from a Puma yagouaroundi was PCR-positive [cycle threshold (Ct) = 26.88]. This sample was 
contaminated by a T. gondii strain of BrIII lineage, a common lineage in domestic animals from Brazil.

MAIN CONCLUSIONS This first report of T. gondii in faeces of wild South American felids in their natural environment indicates 
infrequent oocyst shedding and suggests a role of acquired immunity in limiting re-excretion as in domestic cats. The presence 
of a domestic strain of T. gondii in a faecal sample from a wild felid at very low concentrations (not detected by microscopy) is 
consistent with the hypothesis of host-parasite co-adaptations limiting the circulation of T. gondii strains between domestic and 
wild environments.
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Toxoplasma gondii is a zoonotic protozoan having a 
worldwide distribution and infecting all warm-blooded 
species, including humans. All these species can act as 
intermediate hosts for T. gondii by developing persis-
tent tissue-cysts after feeding from tissues of another 
infected intermediate host or following the ingestion 
of sporulated oocysts found in the environment. These 
oocysts are shed in the environment through the fae-
ces of infected felids, the only definitive hosts of this 
parasite, and sporulate within one to five days following 
their excretion to become infective. Most of the studies 
about the role of felids in the epidemiology of T. gondii 
have focused on domestic cats. These studies shed light 
on several aspects of T. gondii epidemiology in relation 
to these hosts, such as the prevalence of infection, the 
prevalence and seasonality of oocyst shedding and the 
strains of T. gondii involved in transmission.(1)

Some noticeable aspects of oocysts shedding discov-
ered in domestic cats are that more cats are found shed-
ding T. gondii oocysts during periods (seasons) of prey 
abundance,(2) a factor that may also explain the large 
variations in the prevalence of oocyst shedding by cats 
between studies.(1) In addition, domestic cats appear to 
excrete oocysts for only few days following their first 
infection, and subsequently develop immunity to oocyst 
re-excretion.(3) This explains the very low prevalence of 
oocysts in cat faeces, contrasting with the usual high 
levels of seroprevalence in cat populations.(1) Why some 
cats re-excrete oocysts after developing immunity to T. 
gondii(4,5) is still not fully understood, although immu-
nosuppression or concomitant infections with certain 
pathogens can induce re-excretion.(6) Another interest-
ing finding is that domestic cats do not equally spread 
oocysts of all T. gondii strains. They efficiently produce 
oocysts when infected with strains isolated from the do-
mestic environment, but seldom produce oocysts when 
exposed to strains from the wild environment.(7,8) This 
selection mechanism probably acts as an environmental 
barrier to the dissemination of wild strains in the domes-
tic environment,(9,10) in particular in continents where we 
still find large populations of wild felids, such as South 
America, and to a lesser extent North America. These 
wild strains have a highly divergent genetic makeup 
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when compared to domestic strains(8,11,12) and are nearly 
only found in environments where wild felids are cir-
culating.(9,13,14) More importantly, these strains are often 
highly pathogenic in immunocompetent humans while 
most domestic strains are known be non — or weakly — 
pathogenic except in some risk groups such as developing 
foetus in case of congenital infection and immunocom-
promised patients.(15) In French Guiana (South America), 
unusual and severe disseminated forms of toxoplasmo-
sis, designated as “Amazonian toxoplasmosis”, were re-
peatedly described in immunocompetent patients having 
a history of contact with the wild environment, either 
due to the ingestion of surface water contaminated with 
oocysts in the forest or the consumption of undercooked 
game meat, or due to the contamination of water supply 
with T. gondii.(16,17,18) Sporadic reports of severe toxoplas-
mosis in immunocompetent patients are also available 
in other South American countries(19,20,21,22,23) as well as 
in North America,(24,25) and were also associated to con-
tact with the wild environment. Despite the importance 
of wild felids in the transmission of such pathogenic 
strains, the epidemiology of T. gondii in these species is 
still poorly understood. Available studies have reported 
high levels of T. gondii seroprevalence in wild felids.(26) 
In addition, oocyst shedding could be demonstrated in 
several species of wild felids,(27) confirming their role as 
definitive hosts of the parasite.

As in domestic cats,(6,28) oocyst excretion does not 
appear to be associated with age, since kittens of wild 
felids(29,30) as well as sub-adults and adults(31,32,33) were 
found to be excreting oocysts. Oocyst concentrations in 
wild felids were comparable to those observed in domes-
tic cats, ranging from dozens of thousands to millions 
per gram of faeces.(29,32) Wild felids seropositive for T. 
gondii appear to have lower propensity for oocyst excre-
tion compared to seronegative ones,(34) suggesting a role 
of acquired immunity in preventing oocyst excretion as 
in domestic cats. However, it should be kept in mind that 
all these data have been obtained from very few animals, 
and many species of felids are not represented at all in 
these studies. Moreover, important traits such as the fre-
quency of oocyst shedding and host adaptation to spe-
cific parasitic strain are still poorly understood.

Here, we take advantage of a coprological survey in-
vestigating the gastrointestinal parasites of wild felids 
from the Serra dos Órgãos National Park (Parnaso), in 
the state of Rio de Janeiro, Brazil.(35) During this survey, 
82 faecal samples from wild felids were collected and 
investigated for the presence of different parasitic spe-
cies, including T. gondii. Four coproparasitological tech-
niques, followed by microscopic visualisation, were used 
for parasite detection. Among the 82 samples, T. gondii-
like oocysts were detected in only one sample. However, 
these techniques rely on microscopic detection, which 
can be of limited diagnostic sensitivity. In addition, T. 
gondii oocysts cannot be visually distinguished from 
Hammondia and Besnoitia oocysts,(36) limiting therefore 
the diagnostic specificity of this approach.

In the present study, we re-analysed these 82 samples 
using molecular tools to estimate the prevalence of T. 
gondii in faeces of these wild felids and to genotype the 

T. gondii strains. This study will enable a better under-
standing of T. gondii circulation in this hardly accessible 
wild environment and to determine which strains are 
disseminated by these wild felids.

MATERIALS AND METHODS

Ethical considerations - The sampling protocol was 
approved by the Animal Ethics Committee of Fiocruz, 
under license number LW 53/13 and protocol number 
P-24/13.7, and under license number 38070, authentica-
tion code 27451648, and date of issue 19/05/2013 from 
the Biodiversity Information and Authorization Sys-
tem (SISBIO). A Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES) 
permit for was attributed in Brazil for the shipment 
of samples to Limoges, France under license number 
nº14BR013502/DF authorisation to export faeces of 
Leopardus spp., Leopardus tigrinus, Leopardus wie-
di - Ministério do Meio Ambiente - MMA - Instituto 
Brasileiro do Meio Ambiente e dos Recursos Naturais 
Renováveis - IBAMA -CITES – License issuing system 
IBAMA 121480 Feline faeces.

Faecal samples preparation - Detailed descrip-
tions of the study site, the sampling protocol, and the 
parasitological technique used for parasites detection are 
available elsewhere.(35) Briefly, between March 2013 and 
April 2015, 3 faecal samples were collected directly from 
the rectum of two live felids (captured and then released 
in the park) and from a necropsied one. During the same 
period, seventy-nine cat samples were collected from the 
ground in the park. All these samples were stored in a 
refrigerator at 4ºC in plastic collectors of capacity 80 mL 
without chemical preservative. Four different felid spe-
cies were identified through the analysis of guard hairs 
present in faecal samples, while felid species could not 
be determined for 46 samples. The 82 samples were sub-
jected to four parasitological techniques: (i) the modified 
centrifuge-sedimentation technique, (ii) the centrifuge-
flotation technique, (iii) the modified centrifuge-flota-
tion technique and (iv) the spontaneous sedimentation 
technique. The slides obtained from these four parasi-
tological techniques were examined and photomicro-
graphed using an Olympus® BX 41 light microscope.

DNA extraction and real-time polymerase chain re-
action (PCR) - In July 2016, DNA was extracted from 
the 82 faecal samples using the NucleoSpin® Soil kit 
(Cat. No. 74078050, Macherey-Nagel GmbH & Co.KG, 
Düren, Germany) as recommended in the kit manual. 
The extracted DNA samples were tested by a quanti-
tative polymerase chain reaction (qPCR) assay as de-
scribed by Ajzenberg et al.(37) on a thermocycler Rotor-
Gene 6000 (Corbett Life Science, Sydney, Australia), 
targeting the 529bp DNA fragment (REP529, GenBank 
accession no. AF146527(38)). In brief, each PCR con-
tained 5 µL of extracted DNA from faeces, mixed with 
15 µL of a PCR mix with 1X LightCycler FastStart DNA 
Master Hybridisation Probes kit (Roche diagnostics, 
Mannheim, Germany), 0.5 U of UDG (Roche Diagnos-
tics, Mannheim, Germany), 5 mmol/L of MgCl2, 0.5 
µmol/L of each primer, 0.1 µmol/L of TaqMan probe 
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(Eurofins, Ebersberg, Germany) which is labeled with 
a fluorescent dye (6-carboxyfluorescein, 6-FAM) at 5’ 
end and a dark quencher (Black Hole Quencher, BHQ1) 
at the 3’ end. The cycling protocol was as follows: ini-
tial decontamination by UDG at 50ºC for 2 min and 
denaturation at 95ºC for 10 min, followed by 50 cycles 
at 95ºC for 20 s and 60ºC for 40 s. Each sample was run 
in triplicate and the results obtained were expressed in 
cycle threshold (Ct) values.

Microsatellite genotyping and genetic analysis -  
T. gondii strains were genotyped using 15 microsatel-
lite (MS) markers distributed on 11 of the 14 chromo-
somes composing T. gondii genome in a single multiplex 
PCR-assay, as described previously.(39) Those 15 loci 
included a combination of eight “typing” markers with 
low polymorphism (TUB2, W35, TgM-A, B17, B18, M33, 
IV.1 and XI.1) that show little or no variation within lin-
eages and seven “fingerprinting” markers (M48, M102, 
N83, N82, AA, N61, N60) exhibiting high polymorphism 
and significant variation within lineages.(40) PCR prod-
ucts were sized using capillary electrophoresis on ABI 
PRISM 3130xl (Applied Biosystems, Foster City, CA) 
and the GenScan 500 ROX dye size standard (Applied 
Biosystems). Results were analysed using GeneMapper 
5.0 software packages (Applied Biosystems).

Minimum spanning networks (MSN) based on Bru-
vo’s genetic distance were drawn using ‘‘Poppr” Pack-
age (implemented in R environment) to visualise the 
relationships between T. gondii strains from this study 
and a set of previously published strains from Brazil for 
comparison [Suppleentary data (Table)].

RESULTS

Only one faecal sample out of 82 samples was posi-
tive using real-time PCR (Table I) and had Ct values of 
26.71; 26.90; 27.04. This positive PCR sample from a 
jaguarondi was not the one in which T. gondii oocysts 
were detected by Dib et al.,(35) as this latter one (from an 
ocelot)was found PCR negative.

All the 15 MS markers could be successfully ampli-
fied, revealing a genotype of the Brazilian lineage BrIII, 
that was designated Pumayag2-RJ (Table II). The MSN 
showed that this genotype is closely related to other 
genotypes of BrIII lineage from both domestic and wild 
animals in Brazil (Figure).

DISCUSSION

For the first time to our knowledge, we report the 
confirmed presence of T. gondii in the faeces of a wild 
South American felid in its natural environment. This fe-
lid was previously identified as a Jaguarondi (Puma yag-
ouaroundi) by trichological analysis.(35) It was the unique 
PCR-positive faecal sample among 82 tested samples.

Similarly to what is observed in domestic cats this 
low level of T. gondii prevalence in wild felid faeces 
should not be interpreted as an indicator of a limited cir-
culation of T. gondii in this environment. In Brazil, T. 
gondii infection is highly prevalent in most regions in 
both domestic and wild hosts, probably due to the hu-
mid tropical climate that favours oocysts sporulation and 

long-term viability. The survival of oocysts also favours 
the contamination of intermediate hosts that are prey for 
felines. As an example, Furtado et al.(41) reported a 100% 
seroprevalence in 31 free-ranging jaguars mainly origi-
nating from tropical areas  in Brazil. In the few other 
reports of T. gondii in wild felids from other regions 
of the world having colder climates, seroprevalence 
in wild felids was more or less high, but prevalence in 
faeces was always markedly lower. In Finland, none of 
the 332 faecal samples collected on 337 Eurasian lynx 
(Lynx lynx) was positive for the presence of T. gondii-
like oocysts, although the T. gondii seroprevalence in 
this sample was higher than 80%.(42) In western Qué-
bec, Canada, no oocyst could be detected either in the 
faecal samples collected from 84 Canadian lynx (Lynx 
canadensis), although the seroprevalence of T. gondii in 
this sample was 14%.(43) On a small sample, Aramini et 
al.(32) found one out of 12 cougars (Puma concolor) from 
Vancouver Island, British Columbia, Canada, shedding 
T. gondii oocysts confirmed by mouse bioassay; eleven 
were seropositive. VanWormer et al.(44) also detected T. 
gondii-like oocysts in 2 of 16 Bobcats (Lynx rufus) and 2 
of 51 cougars from California, US, although these felids 
had high levels of seroprevalence: 72.7% (49.8-89.3) and 
80.6% (69.5-88.9), respectively.

The pattern of oocyst excretion in wild felids is un-
clear. Evidence from scarce data suggests an acquired 
immunity to re-excretion following the first infection.
(34) Miller et al.(45) and Jewell et al.(34) reported short peri-
ods of oocyst shedding (5 to 10 days) in experimentally 
infected wild felids of different species. These shedding 
periods are comparable to those observed in domestic 
cats and are compatible with the acquisition of an im-
munity stopping parasitic multiplication in the cat en-
terocytes. In the present study, the low T. gondii preva-
lence in faeces of wild felids may also suggest a role of 
immunity in limiting oocysts re-excretion in wild felids 
as in domestic cats. However, robust estimates of oocyst 
shedding prevalence and knowledge of its explanatory 
factors (e.g., seasonality, prey abundance) are still lack-
ing to conclude to a shedding prevalence comparable to 
the prevalence observed in domestic cats. In addition, 
the role of immunosuppression or concomitant infec-

TABLE I
Molecular prevalence of Toxoplasma gondii infection  

in felids from the Serra dos Órgãos National Park (Parnaso), 
Rio de Janeiro

Species Common name
PCR-positive/ 

Total (%)

Leopardus weidii Marguay 0/11 (0)
Leopardus guttulus Southern tiger cat 0/11 (0)
Leopardus pardalis Ocelot 0/5 (0)
Puma yagouaroundi Jaguarondi 1/8 (12.5)
Non identified felid 0/47 (0)

Total 1/82 (1.22)



Paula F Bolais et al.4|9

TA
BL

E 
II

To
xo

pl
as

m
a 

go
nd

ii 
m

ic
ro

sa
te

lli
te

 (M
S)

 a
na

ly
si

s r
es

ul
ts

 o
f t

he
 P

um
ay

ag
2-

R
J i

so
la

te
 fr

om
 a

 ja
gu

ar
on

di
 (P

um
a 

ya
go

ua
ro

un
di

) a
nd

 a
 c

om
pa

ris
on

 w
ith

 o
th

er
 B

ra
zi

lia
n 

Ty
pe

 B
rI

II
 is

ol
at

es

Ty
pi

ng
 m

ar
ke

rs
Fi

ng
er

pr
in

tin
g 

m
ar

ke
rs

St
ra

in
 ID

O
rig

in
H

os
t

Ty
pe

 o
r 

lin
ea

ge
TU

B2
W

35
Tg

M
-A

B1
8

B1
7

M
33

IV
.1

X
I.1

M
48

M
10

2
N

60
N

82
A

A
N

61
N

83

Pu
m

ay
ag

2-
R

J
B

ra
zi

l
Ja

gu
ar

on
di

 P
um

a 
ya

go
ua

ro
un

di
B

rI
II

28
9

24
2

20
5

16
0

34
8

16
5

27
8

35
6

21
3

19
0

14
2

11
1

26
3

11
1

31
2

Th
is

 st
ud

y

Tg
M

yt
rB

r S
P1

B
ra

zi
l

G
ia

nt
 a

nt
ea

te
r M

yr
m

ec
op

ha
ga

 tr
id

ac
ty

la
B

rI
II

28
9

24
2

20
5

16
0

34
8

16
5

27
8

35
6

21
3

19
0

14
2

11
1

26
3

10
3

31
2

Tg
C

at
B

r6
0

B
ra

zi
l

C
at

 F
el

is
 c

at
is

B
rI

II
28

9
24

2
20

5
16

0
34

8
16

5
27

8
35

6
21

3
19

0
14

2
11

1
26

3
10

7
31

2

Tg
C

pB
r1

7
B

ra
zi

l
C

ap
yb

ar
a 

H
id

ro
ch

oe
ri

s h
id

ro
ch

oe
ri

s
B

rI
II

28
9

24
2

20
5

16
0

34
8

16
5

27
8

35
6

21
3

19
0

14
2

11
1

26
3

10
7

31
2

Tg
C

pB
r3

6
B

ra
zi

l
C

ap
yb

ar
a 

H
id

ro
ch

oe
ri

s h
id

ro
ch

oe
ri

s
B

rI
II

28
9

24
2

20
5

16
0

34
8

16
5

27
8

35
6

21
3

19
0

14
2

11
1

26
3

10
7

31
2

Tg
C

kB
r6

8
B

ra
zi

l
C

hi
ck

en
 G

al
lu

s d
om

es
tic

us
B

rI
II

28
9

24
2

20
5

16
0

34
8

16
5

27
8

35
6

21
3

19
0

14
2

11
1

26
3

12
3

31
2

Tg
C

at
B

r3
B

ra
zi

l
C

at
 F

el
is

 c
at

is
B

rI
II

28
9

24
2

20
5

16
0

34
8

16
5

27
8

35
6

21
3

19
0

14
2

11
1

26
3

11
3

31
2

Tg
C

kB
r7

B
ra

zi
l

C
hi

ck
en

 G
al

lu
s d

om
es

tic
us

B
rI

II
28

9
24

2
20

5
16

0
34

8
16

5
28

2
35

6
21

3
19

0
14

2
11

1
25

9
10

3
31

2

Tg
C

pB
r2

0
B

ra
zi

l
C

ap
yb

ar
a 

H
id

ro
ch

oe
ri

s h
id

ro
ch

oe
ri

s
B

rI
II

28
9

24
2

20
5

16
0

34
8

16
5

27
8

35
6

21
3

19
0

14
2

11
1

26
3

12
3

31
0

Tg
C

pB
r1

8
B

ra
zi

l
C

ap
yb

ar
a 

H
id

ro
ch

oe
ri

s h
id

ro
ch

oe
ri

s
B

rI
II

28
9

24
2

20
5

16
0

34
8

16
5

27
8

35
6

21
3

19
0

14
2

11
1

26
1

12
7

31
0

PS
-T

gR
ab

bi
t B

rR
S1

B
ra

zi
l

R
ab

bi
t O

ry
ct

ol
ag

us
 c

un
ic

ul
us

B
rI

II
29

1
24

2
20

5
16

0
34

8
16

5
27

8
35

6
21

3
18

8
14

2
11

1
26

1
89

31
4

EN
T

Fr
an

ce
H

um
an

 H
om

o 
sa

pi
en

s
I

29
1

24
8

20
9

16
0

34
2

16
9

27
4

35
8

20
9

16
6

14
5

11
9

26
7

87
30

6

M
E4

9
U

SA
Sh

ee
p 

O
vi

s a
ri

es
II

28
9

24
2

20
7

15
8

33
6

16
9

27
4

35
6

21
5

17
4

14
2

11
1

26
5

91
31

0

N
ED

Fr
an

ce
H

um
an

 H
om

o 
sa

pi
en

s
II

I
28

9
24

2
20

5
16

0
33

6
16

5
27

8
35

6
20

9
19

0
14

7
11

1
26

7
91

31
2

R
ef

er
en

ce
s o

f r
ep

or
ts

 d
es

cr
ib

in
g 

th
e 

ot
he

r B
ra

zi
lia

n 
Ty

pe
 B

rI
II

 is
ol

at
es

 a
re

 re
po

rt
ed

 in
 S

up
pl

em
en

ta
ry

 d
at

a 
(T

ab
le

).

https://memorias.ioc.fiocruz.br/media/com_memorias/documentos/6293d7357c9d1d656de31ff47b99fa012f66dc2e.pdf


Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 117, 2022 5|9

tions with certain pathogens in oocyst excretion is not 
documented in wild felids as it is the case for domes-
tic cats.(6) Lukesová et al.(33) reported three episodes of 
oocysts shedding (confirmed by bioassay) in a pair of 
captive wild cats in the Czech Republic during a period 
of 25 weeks (the three episodes were separated by thir-
teen and seven weeks, respectively), although it could 
not be determined which of the two cats was excreting 
these oocysts. In addition, they reported three episodes 
of oocyst shedding in a wild cat held separately during a 
period of 21 weeks (the three episodes were separated by 
six and eight weeks, respectively). These latter findings 
observed on a small number of individuals may suggest 

more frequent episodes of re-excretion than previously 
expected, resulting in higher frequencies of oocyst shed-
ding in the wild. In this sense, additional well-designed 
studies based on long-term monitoring of captive wild 
felids (e.g., in zoos) can be useful in understanding the 
patterns of oocyst re-excretion in these species.

The only PCR-positive faecal sample contained no 
detectable T. gondii-like oocysts although three different 
parasitological techniques were used for detection. This 
can be due to the lower sensitivity of microscopic detec-
tion compared to molecular detection, especially when 
the faecal sample contains few oocysts.(6) It is therefore 
important to combine molecular techniques or mouse 

Minimum spanning network (MSN) showing the relationships between  the multilocus genotype (MLG) from this study and other Brazilian 
MLGs from previous studies. The MSN are based on MLGs defined by 15 microsatellite markers. Each circle represents a unique MLG. The 
size of each circle corresponds to the number of individuals, and the colours indicate different ecotypes. Thick and dark lines show MLGs that 
are more closely related to each other.



Paula F Bolais et al.6|9

bioassay to microscopic detection in order to confirm 
the presence of T. gondii in faecal samples. In this sense, 
Salant et al.(46) detected T. gondii DNA in faeces of 11 
of 122 cats although oocysts could not be detected mi-
croscopically in these samples. Nevertheless, T. gondii 
DNA can be detected in the faeces of a felid following 
the ingestion of an infected prey without necessarily ex-
creting oocysts.(47) The cysts in the tissues of the prey are 
digested in the cat’s gut and traces of DNA from brady-
zoites are then detected in the cat’s faeces. However, ex-
perimental evidence shows that DNA from bradyzoites 
can only be retrieved in tiny amounts in faeces (Ct high-
er than 35). Here, the concentration of T. gondii DNA 
found in the positive sample from this study was much 
higher (Ct = 26.88). This makes it unlikely that the de-
tected DNA is only the digestion product of tissue-cysts 
from an infected prey. This finding shows that the con-
centration of T. gondii DNA in the sample could provide 
crucial indication to differentiate between presence of 
oocysts and traces of DNA from digested bradyzoites, 
although it does not allow confirmation for the presence 
of oocysts. In this sense, supplementing the diagnosis 
with mouse bioassay would be useful to ascertain the 
presence of oocysts in the faecal sample although it rais-
es ethical concerns that should be taken in consideration. 
In this case, the storage conditions of the samples must 
be taken into account due to the progressive decrease of 
oocysts viability with time.(48) Overall, our results show 
that few oocysts can be excreted in certain situations. 
The use of microscopic detection only in many previous 
studies has probably led to an underestimation of oocyst 
shedding and only faecal samples containing hundreds 
of thousands or millions of oocysts could be identified.

At the opposite, the faecal sample from an ocelot in 
which Dib et al.(35) observed T. gondii-like oocysts was 
found PCR-negative. This case also shows the impor-
tance of confirming the presence of T. gondii by either 
molecular techniques or mouse bioassay. These T. gon-
dii-like oocysts are probably of Hammondia spp., which 
occur quite as often as T. gondii in cat faeces, but less 
common coccidian species such Besnoitia spp. or other 
undescribed species could be occurring. As an example, 
Herrmann et al.(28) collected 18,259 faecal samples from 
cats in Germany: T. gondii-like oocysts were detected 
in 105 samples; only 46 were PCR positive, 34 turned 
out to be H. hammondi and 25 were PCR negative to 
T. gondii, Neospora caninum and Besnoitia besnoiti. In 
the same way, VanWormer et al.(44) could confirm the 
presence of T. gondii by PCR for only two of the four 
oocyst-positive samples from wild Californian felids. It 
is therefore likely that coprological surveys relying only 
on microscopic detection(49,50) have overestimated the 
prevalence of T. gondii in faecal samples.

A T. gondii strain of the BrIII lineage was identified 
in the PCR positive faecal sample from this study; this 
common Brazilian lineage (the second most common 
Brazilian clonal lineage) has been repeatedly isolated 
from tissue samples of domestic and wild animals in 
the country.(51,52,53) The previous isolation of this lineage 
from domestic cats and intermediate hosts (chickens, 
rabbits) suggest that this lineage is well adapted to the 
domestic environment, and it is likely that domestic 

cats efficiently disseminated it in the form of oocysts. It 
shares 7 of 8 typing alleles with type III lineage (348 in-
stead of 336 at B17 marker), a very common world-wide 
lineage that is well adapted to transmission by domes-
tic cats.(54) The circulation of BrIII lineage in wild ani-
mals (isolated from capybaras and from a giant anteater) 
could be due to the proximity between wildlife and do-
mestic environment observed in many regions of Bra-
zil(55,56) as in our study with the proximity between Serra 
dos Órgãos National Park and Rio de Janeiro (50 km). 
The genotypes of this lineage from domestic and wild 
animals were closely intermingled in the MSN, a pattern 
supporting an active circulation of T. gondii between 
wild and domestic environments in Brazil. Increasing 
anthropogenic pressure over natural habitats results in 
fragmentation of the landscape and wild animals are 
often in close contact with human settlements. Unfor-
tunately, the Atlantic Forest, biome where is located the 
Serra dos Órgãos National Park, is not an exception to 
this undergoing process.(57) A different situation has been 
described in French Guiana where domestic and wild T. 
gondii populations were highly divergent,(9) probably 
due to the relatively well-preserved wild environment in 
this area.(58) The PCR-positive faecal sample from this 
study was collected in a popular hiking trail, about three 
kilometres away from the closest human settlement. In 
these new human settlements, domestic cats proliferate, 
resulting in the contamination of nearby soils and water 
streams with oocysts. In this situation, wild felids can 
then get infected by predating on domestic animals or on 
wild animals previously exposed to domestic T. gondii 
strains. Domestic cats have been registered by camera 
traps in some trails of Parnaso, particularly those closer 
to human settlements (Cronemberger, unpublished data). 
In this scenario, it is important to raise awareness among 
the general population, but especially among the neigh-
bourhood of natural areas, about the importance of re-
sponsible ownership of domestic animals, with adequate 
vaccination, health care and castration, to reduce the 
chances of transmission of diseases between domestic 
and wild animals.

It is unclear whether BrIII lineage — and other lin-
eages commonly found in the domestic environment 
— are efficiently spread by wild felids. Jewell et al.(34) 
and Miller et al.(45) conducted experimental infections 
of wild felids using a domestic T. gondii strain named 
M-7741 (type III strain from a sheep in the USA). Only 
one out of six seronegative bobcats (Lynx rufus) excreted 
oocysts after being challenged with M-7741. None of the 
two seronegative margay cats (Leopardus wiedii) chal-
lenged with the same strain excreted oocysts. However, 
one seronegative cougar (Puma concolor) and one se-
ronegative Jaguarondi (Puma yagouaroundi) challenged 
with this strain excreted oocysts. Interestingly, two 
Asian leopard cats (Prionailurus bengalensis) excreted 
oocysts after being challenged with LRH strain, but 
not after a previous challenge with M-7741 strain. LRH 
strain was previously isolated from the faeces of a Pana-
manian ocelot (Felis pardalis), and is therefore probably 
a true wild strain.(34) Overall, it is for now impossible 
to demonstrate clear species-specific patterns based on 
these small samples. At the opposite, Khan et al.(8) chal-
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lenged two groups of domestic cats (eight and six cats) 
with four domestic and three wild T. gondii strains, re-
spectively (one strain for two cats). The four domestic 
strains caused oocyst excretion in six of the eight ex-
posed cats (two strains caused oocyst excretion in only 
one of the two exposed cats) while the three wild strains 
were associated with oocyst excretion in only one of the 
six cats exposed. These findings suggest the existence 
of host-parasite co-adaptations that are probably limit-
ing the circulation of T. gondii strains between domestic 
and wild environments, although these specific adapta-
tions show some degree of permissiveness for oocyst 
shedding by felids from a different environment. In this 
study, the presence of a domestic lineage of T. gondii 
(BrIII) in a faecal sample from a wild felid at very low 
concentrations (not detected by microscopy) could be 
consistent with the hypothesis of a poor adaptation of 
felids to T. gondii strains from a different environment. 
More studies are needed to characterise these putative 
host-parasite co-adaptations.

In conclusion, our findings highlight the difficulties 
of studying patterns of oocysts excretion in felids and 
the importance of using more than one diagnostic tech-
nique to verify for the presence of oocysts in a faecal 
sample. We provide additional evidence for the diffusion 
of domestic strains to wildlife in Brazil, probably due to 
the increasing anthropogenic pressure over natural habi-
tats in this area of the world. In this context, wild species 
are likely to be exposed to new T. gondii strains from the 
domestic environment. There is well-documented evi-
dence for an influence of T. gondii genotype on disease 
outcome in humans(10,16,17,18) and in mice,(59,60) but studies 
in wildlife populations are scarce.(61) These exposures 
to new strains could have an underestimated impact on 
wildlife and deserve further investigations.

ACKNOWLEDGEMENTS

To Serra dos Órgãos National Park for its collaboration.

AUTHORS’ CONTRIBUTION

PFB, AM and MLD conceived and designed the experi-
ments; PFB performed the experiments; PFB, CC, FP, AS, LD 
and AM developed the methodology; PFB and LG analysed 
the data; LG wrote the manuscript; PFB, CC, FP, AS, LD, 
MRA, MLD and AM reviewed the manuscript. The authors 
have no conflict of interest related to this publication.

REFERENCES

1. Dubey JP, Cerqueira-Cézar CK, Murata FHA, Kwok OCH, Yang 
YR, Su C. All about toxoplasmosis in cats: the last decade. Vet 
Parasitol. 2020; 283: 109145.

2. Schares G, Ziller M, Herrmann DC, Globokar MV, Pantchev N, 
Conraths FJ. Seasonality in the proportions of domestic cats shed-
ding Toxoplasma gondii or Hammondia hammondi oocysts is as-
sociated with climatic factors. Int J Parasitol. 2016; 46(4): 263-73.

3. Dubey JP, Frenkel JK. Immunity to feline toxoplasmosis: modi-
fication by administration of corticosteroids. Vet Pathol. 1974; 
11(4): 350-79.

4. Frenkel JK, Dubey JP, Miller NL. Toxoplasma gondii in cats: 
fecal stages identified as coccidian oocysts. Science. 1970; 
167(3919): 893-6.

5. Piekarski G, Witte HM. (Experimental and histological studies 
on Toxoplasma infections in house cats). Z Parasitenkd. 1971; 
36(2): 95-121.

6. Dubey JP. Toxoplasmosis of animals and humans. 2nd ed. CRC 
Press: 2010. 313 pp.

7. Dubey JP, Rajendran C, Ferreira LR, Kwok OCH, Sinnett D, Ma-
jumdar D, et al. A new atypical highly mouse virulent Toxoplasma 
gondii genotype isolated from a wild black bear in Alaska. J Para-
sitol. 2010; 96(4): 713-6.

8. Khan A, Ajzenberg D, Mercier A, Demar M, Simon S, Dardé ML, 
et al. Geographic separation of domestic and wild strains of Toxo-
plasma gondii in French Guiana correlates with a monomorphic 
version of chromosome 1a. PLoS Negl Trop Dis. 2014; 8(9): e3182.

9. Mercier A, Ajzenberg D, Devillard S, Demar MP, de Thoisy B, 
Bonnabau H, et al. Human impact on genetic diversity of Toxo-
plasma gondii: example of the anthropized environment from 
French Guiana. Infect Genet Evol. 2011; 11(6): 1378-87.

10.	Galal	L,	Hamidović	A,	Dardé	ML,	Mercier	M.	Diversity	of	Toxo-
plasma gondii strains at the global level and its determinants. 
Food Waterborne Parasitol. 2019; 15: e00052.

11. Ajzenberg D, Bañuls AL, Su C, Dumètre A, Demar M, Carme 
B, et al. Genetic diversity, clonality and sexuality in Toxoplasma 
gondii. Int J Parasitol. 2004; 34(10): 1185-96.

12. Lorenzi H, Khan A, Behnke MS, Namasivayam S, Swapna LS, 
Hadjithomas M, et al. Local admixture of amplified and diversi-
fied secreted pathogenesis determinants shapes mosaic Toxoplas-
ma gondii genomes. Nat Commun. 2016; 7: 10147.

13. Jiang T, Shwab EK, Martin RM, Gerhold RW, Rosenthal BM, Du-
bey JP, et al. A partition of Toxoplasma gondii genotypes across 
spatial gradients and among host species, and decreased parasite 
diversity towards areas of human settlement in North America. Int 
J Parasitol. 2018; 48(8): 611-9.

14. Dubey JP, Quirk T, Pitt JA, Sundar N, Velmurugan GV, Kwok 
OCH, et al. Isolation and genetic characterization of Toxoplasma 
gondii from raccoons (Procyon lotor), cats (Felis domesticus), 
striped skunk (Mephitis mephitis), black bear (Ursus america-
nus), and cougar (Puma concolor) from Canada. J Parasitol. 2008; 
94(1): 42-5.

15. Dardé ML. Toxoplasma gondii, “new” genotypes and virulence. 
Parasite. 2008; 15(3): 366-71.

16. Carme B, Bissuel F, Ajzenberg D, Bouyne R, Aznar C, Demar M, 
et al. Severe acquired toxoplasmosis in immunocompetent adult pa-
tients in French Guiana. J Clin Microbiol. 2002; 40(11): 4037-44.

17. Demar M, Ajzenberg D, Maubon D, Djossou F, Panchoe D, Pu-
nwasi W, et al. Fatal outbreak of human toxoplasmosis along the 
Maroni River: epidemiological, clinical, and parasitological as-
pects. Clin Infect Dis. 2007; 45(7): e88-95.

18. Carme B, Demar M, Ajzenberg D, Dardé ML. Severe acquired 
toxoplasmosis caused by wild cycle of Toxoplasma gondii, French 
Guiana. Emerg Infect Dis. 2009; 15(4): 656.

19. Leal FE, Cavazzana CL, Andrade Jr HF, Galisteo Jr AJ, Men-
donça JS, Kallas EG. Toxoplasma gondii pneumonia in immuno-
competent subjects: case report and review. Clin Infect Dis. 2007; 
44(6): e62-6.

20. Pino LE, Salinas JE, López MC. Description of an epidemic out-
break of acute toxoplasmosis in immunocompetent patients from 
Colombian Armed Forces during jungle operations. Infectio. 
2009; 13(2): 83-91.

21. Nunura J, Vásquez T, Endo S, Salazar D, Rodriguez A, Pereyra 
S, et al. Disseminated toxoplasmosis in an immunocompetent pa-
tient from Peruvian Amazon. Rev Inst Med Trop São Paulo. 2010; 
52(2): 107-10.



Paula F Bolais et al.8|9

22. Neves ES, Kropf A, Bueno WF, Bonna ICF, Curi ALL, Amendoei-
ra MRR, et al. Disseminated toxoplasmosis: an atypical presenta-
tion in an immunocompetent patient. Trop Doct. 2011; 41(1): 59-60.

23. Cortés AD, Aguirre N. Severe disseminated acute toxoplasmosis 
in an adult immunocompetent patient from the Colombian Pacific. 
Biomédica. 2018; 38: 19-23.

24. Bowie WR, King AS, Werker DH, Isaac-Renton JL, Bell A, Eng 
SB, et al. Outbreak of toxoplasmosis associated with municipal 
drinking water. Lancet. 1997; 350(9072): 173-7.

25. Schumacher AC, Elbadawi LI, DeSalvo T, Straily A, Ajzenberg D, 
Letzer D, et al. Toxoplasmosis outbreak associated with Toxoplas-
ma gondii-contaminated	venison	―	high	attack	rate,	unusual	cli-
nical presentation, and atypical genotype. Clin Infect Dis. 2021; 
72(9): 1557-65.

26. Montazeri M, Galeh TM, Moosazadeh M, Sarvi S, Dodangeh S, 
Javidnia J, et al. The global serological prevalence of Toxoplasma 
gondii in felids during the last five decades (1967-2017): a syste-
matic review and meta-analysis. Parasit Vectors. 2020; 13(1): 1-10.

27. Dubey JP. History of the discovery of the life cycle of Toxoplasma 
gondii. Int J Parasitol. 2009; 39(8): 877-82.

28. Herrmann DC, Pantchev N, Vrhovec MG, Barutzki D, Wilking 
H, Fröhlich A, et al. Atypical Toxoplasma gondii genotypes iden-
tified in oocysts shed by cats in Germany. Int J Parasitol. 2010; 
40(3): 285-92.

29. Dorny P, Fransen J. Toxoplasmosis in a Siberian tiger (Panthera 
tigris altaica). Vet Rec(United Kingdom). 1989; 125: 26-7.

30. Basso W, Edelhofer R, Zenker W, Möstl K, Kübber-Heiss A, Prosl 
H. Toxoplasmosis in Pallas’ cats (Otocolobus manul) raised in 
captivity. Parasitology. 2005; 130(3): 293-9.

31. Dubey JP, Gendron-Fitzpatrick AP, Lenhard AL, Bowman D. Fa-
tal toxoplasmosis and enteroepithelial stages of Toxoplasma gon-
dii in a Pallas cat (Felis manul). J Protozool. 1988; 35(4): 528-30.

32. Aramini JJ, Stephen C, Dubey JP. Toxoplasma gondii in Vancou-
ver Island cougars (Felis concolor vancouverensis): serology and 
oocyst shedding. J Parasitol. 1998; 438-40.

33. Lukesová D, Literák I. Shedding of Toxoplasma gondii oocysts by 
Felidae in zoos in the Czech Republic. Vet Parasitol. 1998; 74(1): 1-7.

34. Jewell ML, Frenkel JK, Johnson KM, Reed V, Ruiz A. Develop-
ment of Toxoplasma oocysts in neotropical felidae. Am J Trop 
Med Hyg. 1972; 21(5): 512-7.

35. Dib LV, Cronemberger C, Pereira FA, Bolais PF, Uchôa CMA, 
Bastos OMP, et al. Gastrointestinal parasites among felids inhab-
iting the Serra dos Órgãos National Park, Rio de Janeiro, Brazil. 
Rev Bras Parasitol Vet. 2018; 27(2): 131-40.

36. Verma SK, Cerqueira-Cézar CK, Murata FH, Lovallo MJ, Rosen-
thal BM, Dubey JP. Bobcats (Lynx rufus) are natural definitive 
host of Besnoitia darlingi. Vet Parasitol. 2017; 248: 84-9.

37. Ajzenberg D, Lamaury I, Demar M, Vautrin C, Cabié A, Simon 
S, et al. Performance testing of PCR assay in blood samples for 
the diagnosis of toxoplasmic encephalitis in AIDS patients from 
the French Departments of America and genetic diversity of Toxo-
plasma gondii: a prospective and multicentric study. PLoS Negl 
Trop Dis. 2016; 10(6): e0004790.

38. Homan WL, Vercammen M, De Braekeleer J, Verschueren H. 
Identification of a 200-to 300-fold repetitive 529 bp DNA frag-
ment in Toxoplasma gondii, and its use for diagnostic and quanti-
tative PCR. Int J Parasitol. 2000; 30(1): 69-75.

39. Ajzenberg D, Collinet F, Mercier A, Vignoles P, Dardé M-L. Ge-
notyping of Toxoplasma gondii isolates with 15 microsatellite 
markers in a single multiplex PCR assay. J Clin Microbiol. 2010; 
48(12): 4641-5.

40. Ajzenberg D, Collinet F, Aubert D, Villena I, Dardé M-L, French 
ToxoBs network group, et al. The rural-urban effect on spatial ge-
netic structure of type II Toxoplasma gondii strains involved in 
human congenital toxoplasmosis, France, 2002-2009. Infect Genet 
Evol. 2015; 36: 511-6.

41. Furtado MM, Gennari SM, Ikuta CY, Jácomo ATA, de Morais ZM, 
Pena HFJ, et al. Serosurvey of smooth Brucella, Leptospira spp. 
and Toxoplasma gondii in free-ranging jaguars (Panthera onca) and 
domestic animals from Brazil. PLoS One. 2015; 10(11): e0143816.

42. Jokelainen P, Deksne G, Holmala K, Naäreaho A, Laakkonen J, 
Kojola I, et al. Free-ranging Eurasian lynx (Lynx lynx) as host of 
Toxoplasma gondii in Finland. J Wildl Dis. 2013; 49(3): 527-34.

43. Simon A, Poulin MB, Rousseau AN, Dubey JP, Ogden NH. Spa-
tiotemporal dynamics of Toxoplasma gondii infection in Cana-
dian lynx (Lynx canadensis) in western Québec, Canada. J Wildl 
Dis. 2013; 49(1): 39-48.

44. VanWormer E, Conrad PA, Miller MA, Melli AC, Carpenter TE, 
Mazet JA. Toxoplasma gondii, source to sea: higher contribution 
of domestic felids to terrestrial parasite loading despite lower in-
fection prevalence. EcoHealth. 2013; 10(3): 277-89.

45. Miller NL, Frenkel JK, Dubey JP. Oral infections with Toxoplas-
ma cysts and oocysts in felines, other mammals, and in birds. J 
Parasitol. 1972; 928-37.

46. Salant H, Markovics A, Spira DT, Hamburger J. The development 
of a molecular approach for coprodiagnosis of Toxoplasma gondii. 
Vet Parasitol. 2007; 146(3-4): 214-20.

47. Poulle M-L, Forin-Wiart M-A, Josse-Dupuis E, Villena I, Aubert 
D. Detection of Toxoplasma gondii DNA by qPCR in the feces of a 
cat that recently ingested infected prey does not necessarily imply 
oocyst shedding. Parasite. 2016; 23: 29.

48. Lélu M, Villena I, Dardé M-L, Aubert D, Geers R, Dupuis E, et 
al. Quantitative estimation of the viability of Toxoplasma gondii 
oocysts in soil. Appl Environ Microbiol. 2012; 78(15): 5127-32.

49. Patton S, Rabinowitz A, Randolph S, Johnson SS. A coprological 
survey of parasites of wild neotropical felidae. J Parasitol. 1986; 
517-20.

50. Patton S, Rabinowitz AR. Parasites of wild felidae in Thailand: a 
coprological survey. J Wildl Dis. 1994; 30(3): 472-5.

51. Pena HFJ, Gennari SM, Dubey JP, Su C. Population structure and 
mouse-virulence of Toxoplasma gondii in Brazil. Int J Parasitol. 
2008; 38(5): 561-9.

52. Dubey JP, Lago EG, Gennari SM, Su C, Jones JL. Toxoplasmosis 
in humans and animals in Brazil: high prevalence, high burden of 
disease, and epidemiology. Parasitology. 2012; 139(11): 1375-424.

53. Shwab EK, Zhu X-Q, Majumdar D, Pena HFJ, Gennari SM, Dubey 
JP, et al. Geographical patterns of Toxoplasma gondii genetic di-
versity revealed by multilocus PCR-RFLP genotyping. Parasitol-
ogy. 2014; 141(4): 453-61.

54. Zulpo DL, Sammi AS, dos Santos JR, Sasse JP, Martins TA, 
Minutti AF, et al. Toxoplasma gondii: a study of oocyst re-shed-
ding in domestic cats. Vet Parasitol. 2018; 249: 17-20.

55. Campos CB, Esteves CF, Ferraz K, Crawshaw Jr PG, Verdade LM. 
Diet	of	free‐ranging	cats	and	dogs	in	a	suburban	and	rural	envi-
ronment,	south‐eastern	Brazil.	J	Zool.	2007;	273(1):	14-20.

56. Lessa I, Guimarães TCS, de Godoy Bergallo H, Cunha A, Vieira 
EM. Domestic dogs in protected areas: a threat to Brazilian mam-
mals? Nat Conserv. 2016; 14(2): 46-56.

57. Calmon M, Oliveira M, Biderman R. The other Brazilian rain-
forest: why restoring the Atlantic Forest can help tackle climate 
change. 2019. Available from: https://www.wri.org/insights/other-
brazilian-rainforest-why-restoring-atlantic-forest-can-help-tack-
le-climate-change.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 117, 2022 9|9

58. De Thoisy B, Fayad I, Clément L, Barrioz S, Poirier E, Gond V. 
Predators, prey and habitat structure: can key conservation areas 
and early signs of population collapse be detected in neotropical 
forests? PLoS One. 2016; 11(11): e0165362.

59. Hassan MA, Olijnik A-A, Frickel E-M, Saeij JP. Clonal and atypi-
cal Toxoplasma strain differences in virulence vary with mouse 
sub-species. Int J Parasitol. 2019; 49(1): 63-70.

60. Galal L, Sarr A, Cuny T, Brouat C, Coulibaly F, Sembène M, et al. 
The introduction of new hosts with human trade shapes the extant 
distribution of Toxoplasma gondii lineages. PLoS Negl Trop Dis. 
2019; 13(7): e0007435.

61. Shapiro K, VanWormer E, Packham A, Dodd E, Conrad PA, Mil-
ler M. Type X strains of Toxoplasma gondii are virulent for sou-
thern sea otters (Enhydra lutris nereis) and present in felids from 
nearby watersheds. Proc R Soc Lond B Biol Sci. 2019; 286(1909).


