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ABSTRACT. Toxoplasma gondii (Nicolle & Manceaux, 1908) is a highly prevalent zoonotic protozoan parasite
found globally in various bird and mammal species, including humans. Migratory birds play an important
epidemiological role by facilitating the spread of pathogens, including T. gondii, to new regions. Armenia is
particularly significant in this context being located at the crossroads of three global migration flyways; however,
research on T. gondii infection in wild birds in this region has not been previously conducted. This study marks
the first molecular detection of active T. gondii infection in the blood of wild birds, assessing the prevalence
associated with the risk factors such as age, sex, migratory status, and feeding habits of birds. Research was
carried out in the Megri Region of Syunik Province in 2013,2014,and 2018 in the breeding season. The presence
of parasite in 116 Passerines was determined using PCR with specific primers derived from the RE gene with
mean prevalence of T. gondii in 12%. The highest infection rates were observed in Upcher’s Warbler, Hippolais
languida (Hemprich & Ehrenberg, 1833), at 36% (4 out of 11), Eastern Black-eared Wheatear, Oenanthe melan-
oleuca (Guldenstadt, 1775), at 33% (2 out of 6), and Eastern Orphean Warbler, Curruca crassirostris (Bates, 1936),
at 19% (5 out of 27). Long-distance migrants exhibited a higher frequency of T. gondii occurrence compared to
resident birds (y>=7.11, DF = 2, p = 0.029). The infection rates did not show a dependence on the sex or age of
the birds. The relationship between infection and feeding behavior in local toxoplasmosis distribution remains
unclear, necessitating further research with new methodologies, additional animal species, broader geographic
coverage, and larger sample sizes.

KEY WORDS. Infection transmission, migratory patterns, RE gene, toxoplasmosis, wild birds.

INTRODUCTION as definitive hosts, shedding millions of oocysts into the
environment (Lindsay and Dubey 2007, Ferguson 2009,

Toxoplasma gondii (Nicolle & Manceaux, 1908), a  Montazeri et al. 2020).
zoonotic protozoan parasite, has a global presence. It infects The free-ranging cats in the USA hunt billions of
various bird and mammal species, including humans, acting  birds and small mammals each year, building capacity for
as intermediate hosts. Domestic cats and other Felids serve  the spreading of T. gondii oocysts in the environment (Loss
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et al. 2013). Humans contract T. gondii infection through
the consumption of undercooked meat and meat products
containing T. gondii tissue cysts (Almeria and Dubey 2021).
Additionally, water and soil contaminated with sporulated
parasitic oocysts serve as sources of infection for various
intermediate hosts (Dabritz et al. 2007, Shapiro et al.
2019, Tenter et al. 2000). There is evidence of congenital
transmission in several intermediate hosts, including mice,
sheep, goats, and, most importantly, humans. In this instance,
tachyzoites may be transferred transplacental, which could
be harmful to the developing fetus (Pappas et al. 2009,
Paquet et al. 2013).

Previous estimations suggest that about one-third of
the world’s human population is a latent carrier of T. gondii
(Dubey 2004, Montoya and Liesenfeld 2004). Despite the
medical and veterinary importance of this zoonotic disease,
all previous research efforts on toxoplasmosis in Armenia
have been fragmented and concentrating on determining
seroprevalence in target groups of women and some species
of livestock (Hovsepyan et. al. 1990, Janibekyan et al. 2002,
Gevorgyan 2023).

Two distinct life cycles contribute significantly to the
spread of the T. gondii: domestic and sylvatic. In the domestic
cycle, only domestic cats serve as the definitive host. In
contrast, the sylvatic cycle involves various feline species
responsible for disseminating oocysts in wildlife. This enables
a broader range of feral mammals to become infected with
T. gondii (Emmanuelle et al. 2012, Attias et al. 2020). Among
other hosts, wild birds frequently register infections with T.
gondii, making them important subjects for investigation, as
many avian species can serve as sources of infection for both
humans and felids (Dubey 2002, Aubert et al. 2008).

The prevalence of T. gondii is correlated with the
geographic location, host range, migratory patterns, and
feeding habits of birds. For example, research on ground-
feeding pigeons from Europe, South America, and the USA
has shown that disease prevalence can range from 1.6%
to 35.7%; in the case of carnivorous birds this overlaps
with the presence of parasites in their prey (Dubey et al.
2021). Meanwhile, toxoplasmosis of migratory birds plays
an important epidemiological role on local and global
scales creating additional opportunities for pathogens to
be spread to new territories. Armenia presents a significant
interest in this context because it is geographically situated
at the crossroad of three global migration flyways that link
Eastern Europe and Northern Asia with Africa, Southern and
South-Eastern Asia (BirdLife International 2010). Among 376
bird species recorded in Armenia, 241 species are breeding,

while the other 135 migrate through the country, stopping
in the wetlands, grasslands, thickets, and woodlands for
food and rest (Aghababyan et al. 2020, Clements et al. 2023).
Therefore, potentially the migratory species can introduce
new genotypes of T. gondii from southern countries to
Armenia and vice versa. Thus, the goal of this study is to
determine the prevalence of active T. gondii infection by
directly detecting the parasite DNA in blood, with particular
attention to the possible risk factors such age, sex, migratory
status, and feeding habits of the birds.

MATERIAL AND METHODS

Study area

When selecting a study area, several aspects were
considered, including (1) the high diversity of landscape
zones and, therefore, the range of avian and felid species
and (2) close proximity to the southern border, to serve as a
first entry point those bird species, which breed in Armenia
and migrate to the south for the winter.

The study was conducted in the Meghri Region of
Syunik Province of Armenia, which is located on the eastern
slopes of the southern part of Zangezur mountain ridge
and southern slopes of Meghri mountain ridge, within the
altitude range from 390 m (Araks river valley) to 3858 m
above the sea level (Mount Gazanasar). A wide span of
elevations creates a variety of landscapes, which begin with
the dry subtropics, passing through semi-desert, juniper
woodland, deciduous forest, mountain steppes, and reach
subalpine meadows and carpets. The terrain is rough, and
the region is cut by numerous canyons, gorges, and cliffs. The
fauna of breeding birds here is rich and diverse, while the
fauna of migrants that pass through the area is rather scarce
(Aghababian 2001). At the lower elevations, the climate is
dry and warm, while in higher regions, the humidity grows,
and the temperate declines.

To capture the birds, we have selected three localities.
Two of these stations were located in the vicinity of Meghri
town (within 750 m), in the same semi-desert habitat at the
altitudes of 814 m and 930 m (Fig. 1). The habitat of these
two sites is mainly characterized by ephemeral plants,
such as artemisia Artemisia fragrans Eichw., caper Capparis
spinosa Linnaeus, forage kochia Kochia prostrata Linnaeus,
and bulbous bluegrass Poa bulbosa Linnaeus. The third
bird-capturing station was located in the vicinity of Var-
danidzor village (about 10 km north of Meghri town), at
2050 m above the sea level (Fig. 1), in dry mixed woodland,
dominated by juniper Juniperus spp. and broad-leaved oak
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Figure 1. Study area. The yellow circles on the left image indicate the sampling stations.

Quercus macranthera Fisch. & C.A.Mey. ex Hohen. In the
stations of Meghri town, the birds were captured in 2013
(three days), 2014 (three days), and 2018 (three days), while
in the station of Vardanidzor village, the capture was carried
out in 2018 only (three days).

Birds’ capturing and blood sampling

The birds were captured during the breeding season,
using mist nets (3 x 8 m, mech of 25 x 25 30 mm) without
a lure (At each site, 3-5 mist nets have been placed in the
shallow gorges. The mist nets were open from about 7:00 am
to 8:00 pm and were checked once per hour. The captured
birds were identified using the Field Guide to Birds of Ar-
menia (Adamian and Klem 1997). The age and sex of each
captured individual were determined by a trained ornithol-
ogist based on a life examination of the external features.
Blood samples were collected by punctuating the brachial
vein with a sterile insulin needle and using a heparin-free
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glass capillary. The few drops of blood from the capillary
tube were preserved in 2 ml tubes filled with 96% ethanol
for further processing. For each specimen, the information
about sampling area, bird species, sex, age, and collection
date were registered, which was later supplemented by the
data on the feeding habits and migratory patterns that are
typical for each species (Table 1 and Supplementary Table
S1). The birds were marked with a permanent marker on the
underside of the secondaries to avoid resampling.

The bird capture and blood sampling of birds were
permitted by the Ministry of Environment of the Republic
of Armenia (permission number 5/22.1/51371).

Molecular assay: DNA extraction and PCR for T. gondii
detection

The DNA was extracted from blood samples using a
commercial kit (Qiagen® DNeasy Blood & Tissue, Germany)
according to the manufacturer’s protocol.

3/10
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Toxoplasma gondii was identified using specific prim-
ers derived from the RE gene, which targeted a non-coding
fragment of 529 bp, including Tox4 (forward: 5-CGCTG-
CAGGGAGGAAGACGAAAGTTG-3’) and Tox5 (reverse
5-CGCTGCAGACACAGTGCATCTGGATT-3’) (Homan et al.
2000). The PCR reaction with a final volume of 25 pl, con-
taining 12.5 pl 2x master mix (Ampligon, Odense, Denmark),
0.5 pl of each primer (0.2 um), 5 pl of DNA template and
6.5 ul deionized water was performed. Conditions for PCR
reaction were the following: initial hot start at 95 °C for 5
min, 35 cycles of each consisting of denaturation for 30 sec
at 93 °C, annealing for 30 sec at 55 °C, elongation for 40 sec
at 72 °C and a final extension step at 72 °C for 5 min. For
visual detection by ultraviolet transillumination, we used
1.5% agarose gel electrophoresis with SYBR® Green stain. In
our study, we utilized T. gondii obtained from Toxoplasmose/
Toxoplasma Biological Resource Center (BRC) at Limoges
University, France, as the positive control. Sterile distilled
water served as the negative control for all experimental
procedures.

Data analysis

The collected data is stored in the database of the
Laboratory of Molecular Parasitology, Scientific Center of
Zoology and Hydroecology of NAS RA, and is available
upon request.

All the captured birds are breeding in Armenia and
Meghri region and those have been classified into residents,
short-distance migrants, partial migrants, and long-distance
migrants using the literature (Adamian and Klem 1997).

Statistics were performed using SPSS statistical
package (IBM SPSS statistics 21). The chi-squared test was
performed to detect if there was a difference in exposure
to the parasite between different age and sex groups, and
migration status categories were evident (Sokal and Rohlf
1995), considering a significant difference at the p <0.05 level.

RESULTS

A total of 116 birds from 23 species (Supplementary
Table S1), belonging to the order Passerines and 12 families,
were trapped. Out of 116 examined birds only 14 (12%) were
positive for T. gondii on PCR analysis targeting the RE gene
(Table 1).

For the computation of T. gondii prevalence per bird
species, we considered only species, with more than five
individuals sampled. As shown in Table 2, among these birds
the greatest contribution to infection prevalence was made

4/10

by the Eastern Orphean Warbler (five infected individuals)
and Upcher’s Warbler (four) followed by the Eastern Black-
eared Wheatear (two).

It is important to note that 12 of the infected birds (out
of 92 sampled) presented in Table 2 are insectivorous. For
further analyses, we divided the species by their migration
pattern into long-distance migrants and residents/short-dis-
tance migrants. Distribution of the prevalence according to
the migration pattern (Table 3) shows a significantly high
prevalence in long-distance migrants (y*> = 7.11, DF = 2,
p = 0.029).

There were no significant differences found in the prev-
alence distribution between sexes (y*=0.14,DF =2,p =0.93).
Thus, among the 94 individuals with identified sex, 5 out of
39 females (13%) and 6 out of 55 males (11%) were infected.

The analysis of the prevalence distribution by age
also indicates no significant difference (y>=0.16, DF =1, p =
0.69). Thus, among the 116 individuals with identified age,
11 out of 86 adults (13%) and 3 out of 30 juveniles (10%)
were found to be infected.

DISCUSSION

Toxoplasmosis persists relatively unnoticed within the
scientific research scope in Armenia. Our understanding
about the prevalence of T. gondii among both humans and
livestock remains limited, with available data largely reliant
on serological screening methods. Moreover, a significant
gap exists in our knowledge regarding T. gondii distribution
and specific genotypes circulating among free-living wild
animals in the country. Among these animals, birds stand
out as underestimated reservoirs and distributors of patho-
gens due to their remarkable capacity to fly and cover great
distances (Malik et al. 2021, Zaki et al. 2024).

Numerous studies worldwide have employed a diverse
array of parasitological, serological, and molecular tech-
niques to delve into the seroprevalence, detection, isolation,
and genotyping of T. gondii in various wild bird species
(Alvarado-Esquivel et al. 2011, Rigolet et al. 2014, Villares
et al. 2014, Gennari et al. 2016, Liu et al. 2019).

Given their pivotal role as intermediate hosts for T.
gondii, wild birds hold immense significance from an epide-
miological standpoint (Jourdain et al. 2007, Fair et al. 2024).

Our current study marks the first attempt to detect
the parasite across different species of wild Passerines in
Armenia. The primary focus was to assess the prevalence
of active T. gondii infection through direct detection of the
parasite DNA in the blood of wild birds. According to the

ZOOLOGIA 41: 24016 | https://doi.org/10.1590/S1984-4689.v41.24016 | November 25,2024
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Table 1. Data on Toxoplasma gondii positive Passeriformes species from Meghri region of Armenia.

Common name Scientific name Family Sex Age Date of sampling
Tree Sparrow Passer montanus (Linnaeus, 1758) Passeridae M ad 5.06.2013
Tree Sparrow Passer montanus Passeridae U juv 5.06.2013
Upcher’s Warbler Hippolais languida (Hemprich & Ehrenberg, 1833) Acrocephalidae F ad 14.6.2018
Upcher’s Warbler Hippolais languida Acrocephalidae F ad 2.06.2014
Upcher’s Warbler Hippolais languida Acrocephalidae M ad 15.6.2018
Upcher’s Warbler Hippolais languida Acrocephalidae u ad 14.6.2018
Eastern Black-eared Wheatear Oenanthe melanoleuca (Guldenstadt, 1775) Muscicapidae M ad 4.06.2013
Eastern Black-eared Wheatear Oenanthe melanoleuca Muscicapidae M ad 4.06.2013
Eastern Orphean Warbler Curruca crassirostris (Bates, 1936) Sylviidae F ad 14.6.2018
Eastern Orphean Warbler Curruca crassirostris Sylviidae F ad 14.6.2018
Eastern Orphean Warbler Curruca crassirostris Sylviidae F ad 2.06.2014
Eastern Orphean Warbler Curruca crassirostris Sylviidae M ad 3.06.2014
Eastern Orphean Warbler Curruca crassirostris Sylviidae M juv 4.06.2013
Lesser Whitethroat Curruca curruca Sylviidae U juv 2.06.2014

(M) Males, (F) females, (U) sex is unknown, (ad) adult bird, (juv) juvenile bird.

Table 2. Results of molecular screening prevalence of blood samples from wild birds in Meghri region, Armenia.

Common name Scientific name

Number of individuals Number of infected individuals

Prevalence (%)

Tree Sparrow Passer montanus

Rock Bunting Emberiza cia
Upcher’s Warbler Hippolais languida
Eastern Black-eared Wheatear Oenanthe melanoleuca
Sombre Tit

Western Rock-nuthatch
Eastern Orphean Warbler

Lesser Whitethroat

Poecile lugubris
Sitta neumayer
Curruca crassirostris
Curruca curruca

3 2 67
7 0 0
1 4 36
6 2 33
7 0 0
12 0 0
27 5 19
19 1 5

Table 3. Molecular prevalence of Toxoplasma gondii in wild
birds from Meghri region according to their migratory
status.

Migration pattern Number of Number of infected Prevalence
specimens specimens (%)
Long-distance migrants 81 13 16
Residents/short-distance 35 1 2.86

migrants

results, the frequency of T. gondii in blood samples of wild
birds was 12.0%. It is challenging to determine whether the
obtained data is high or low, as similar research on wild birds
in other countries yields a wide range of figures regarding
toxoplasmosis prevalence. Thus, based on serological assays
it can vary from 2.6% up to 70% (Alvarado-Esquivel et al.
2011, Cabezon et al. 2011, Zaki et al. 2024) and according
to data from molecular surveys on tissue samples of some
bird species, the prevalence also can vary depending on
bird species and geographic area and can reach up to 89,6%
(Khademvatan et al. 2013, Karakavuk et al. 2018).

ZOOLOGIA 41: €24016 | https://doi.org/10.1590/S1984-4689.v41.624016 | November 25, 2024

However, these studies and our current findings are not
directly comparable as they employ different approaches. In
our study, the limitations were related to the obligatory life
capture, so the birds were released after sampling, and so the
blood was the only possible sample. Although PCR results for
genotyping are consistent between tissue and blood samples,
the PCR on tissue and blood can yield different results while
determining the infection rate. Given the objectives of our
study and considering the subsequent research stage, which
may involve parasite genotyping, we determined that the
PCR-based approach is more suitable and informative for
our analysis. Numerous diagnostic PCR assays have been
developed for the detection of T. gondii in clinical samples,
employing various genomic targets (Burg et al. 1989, Homan
et al. 2000, Fallahi et al. 2014, Amouei et al. 2022).

Previous studies have shown that PCR assays targeting
multi-copy genes exhibit higher sensitivity for T. gondii de-
tection compared to those targeting single-copy genes (Burg
et al. 1989, Fallahi et al. 2014). Two popular targets include
the 35-copy B1 gene and the 529 bp repeated element (RE)

5/10
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region, which is present in 200-300 copies in the T. gondii
genome (Homan et al. 2000).

According to Fallahi et al. (2014), the RE-based PCR
assay demonstrates superior sensitivity compared to the B1
genomic target. The sensitivity of T. gondii RE PCR is directly
affected by the copy number of the amplified gene, making
highly repeated sequences in the parasite genome valuable
targets. In our study, we employed highly sensitive, specific
and universal RE gene as molecular target for the detection
of T. gondii in blood samples collected from birds.

In our study, the individuals that were major contribu-
tors to the detection of T. gondii included four adult and
one juvenile Eastern Orphean Warblers, four adult Upcher’s
Warblers, and two adult Eastern Black-eared Wheatears.
All three species are insectivorous with rather specialized
foraging behavior. The Upcher’s Warbler forages mostly
in the canopy of trees and tall bushes, but is also observed
foraging in lower scrub, and just occasionally picks insects
from the ground (Svensson 2020). Eastern Orphean Warbler
mostly extracts the invertebrates from crevices and behind
bark, also picks food items from branches and leaves while
moving slowly from low scrubby growth up through the
vegetation to tops of bushes and trees, and just occasionally
takes items from the ground (Dubey 2002, del Hoyo et al.
2021). The last species, the Eastern Black-eared Wheatear
is often sallying after flying insects, and commonly hovers
to forage, but also forages from perches, flying to ground
to take prey (Collar 2021) and has more interactions with
ground than the previous two species.

Therefore, it is less possible that these birds could get
infected by the oocysts located on the ground, as they rarely
pick food items from the ground. It is still possible though
that they can obtain the oocysts directly from insects and
other arthropods (Lopes et al. 2021). And it is highly possible
that T. gondii transmission could be done through the water,
contaminated with sporulated oocysts. All three species
overwinter in the western part of Sub-Saharan Africa.

Countries, where their wintering areas and grounds
overlap, are Eritrea, Ethiopia, and Djibouti (Dubey 2002,
Svensson 2020, Collar 2021), the areas with extended deserts
and semi-deserts, where a significant part of the wildlife is
concentrated around the oasis and along the riparian zones
(Buechley 2018). It is therefore more possible for these birds
to become infected from the scarce sources of water in their
wintering ground, concentrating around the oasis areas (Billi
and Sebhat 2022). Given this possibility, it might be crucial
to pinpoint the genetic variations of T. gondii in these bird
species. It should be noted that some species of birds were
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trapped in a quantity of less than five specimens and were
not included into the computation of T. gondii exposure on
the species level. Among them is the Tree Sparrow, Passer
montanus (Linnaeus, 1758), for which two of three captured
birds were positive for toxoplasmosis. According to previous
studies, toxoplasmosis in sparrows was documented in Brazil
(17.5%), China (12.46%) and Iran (8,5% to 15%) (Gondim
et al. 2010, Vilela et al. 2011, Cong et al. 2013, Abdoli et al.
2016, Shokri et al. 2017). In some European countries, like
Poland and the Czech Republic, 12.3% of House Sparrows
and 4.9% of Tree Sparrows were found to be infected with
T. gondii (Literdk et al. 1997). The relatively high frequency
of infection among the Tree Sparrows in our study cannot
be considered conclusive, given the small sample size of
captured birds (only three). However, our findings under-
score the importance of further exploring the prevalence
of T. gondii in this bird species for two main reasons: Tree
Sparrows are resident birds (Barlow et al. 2020), and T. gondii
was detected in a juvenile individual. This finding reveals
another dimension regarding the age-related occurrence of
T. gondii infection in captured birds.

The observed lack of a significant difference between
adults (13%) and juveniles (10%) is unusual, considering
global reports indicating a cumulative increase in infection
rates with age (Chen et al. 2015, Naveed et al. 2019, lemmi
et al. 2020). Unexpectedly similar parasite frequency in our
study in adult and juvenile birds can possibly be explained by
the relatively small sample size. Alternatively, the detection
of T. gondii in juvenile birds aged around twenty days poses
an intriguing observation, suggesting two potential, not
mutually exclusive scenarios: transmission through feeding
and water, and locally acquired infection.

Another aspect to consider is the correlation between
the prevalence and migration pattern. Our study indicates
a significant difference in T. gondii frequency between
long-distance migratory birds and resident or short-distance
migratory species. We isolated parasite DNA from the blood
of 16% of long-distance investigated migrants, while no
infections were detected among resident birds. It is known
that migratory birds undergo substantial energy expenditure
during migration, which can weaken their natural resistance
and increase susceptibility to various infections, including T.
gondii (Eikenaar et al. 2018). Thus, the detection of parasite
DNA in the blood of long-distance migrants in the current
study may be caused by a weakened post-migration immu-
nity, which could trigger the transition of chronic toxoplas-
mosis to its acute form, or it could represent an infection
occurrence associated with birds’feeding behavior (Bairlein

ZOOLOGIA 41: 24016 | https://doi.org/10.1590/S1984-4689.v41.24016 | November 25,2024
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1990). Regardless, the methodology employed in our re-
search may not entirely address this question, indicating a
requirement for further investigations utilizing serological
methods. Such data could offer additional insights, including
seroprevalence in the population and the possibility of past
exposure. Since migratory behavior in many cases correlates
with feeding habits (Bairlein 1990), our study, considering its
relatively small sample size, did not conduct further analysis
of prevalence based on feeding behavior.

The observed absence of the difference in prevalence
between the sexes (13% of females vs 11% of males) was also
reported by Scimeca et al. (2022).

The potential definitive hosts in the study area are
represented by the following Felids: in the lower locations
(near Meghri), there are feral cats and Jungle Cat Felis chaus
Schreber, 1777, while in the upper location (near Vardanid-
zor) there are feral cats, European Wildcat Felis sylvestris
Schreber, 1777, and Eurasian Lynx Lynx lynx (Linnaeus, 1758).
Considering the active infection in the birds, they probably
acquired in a sylvatic cycle.

It is also important to note that the Lesser Whitethroat,
Eastern Orphean Warbler, Eastern Black-eared Wheatear, and
Upcher’s Warbler have not been yet identified as intermediate
hosts of T. gondii; therefore, this finding could contribute to
expanding the global list of intermediate hosts for the parasite.

Final remarks

The frequency of T. gondii among captured Passerines
in Meghri region of Armenia was found to be 12%. Accord-
ing to the obtained results, infection with T. gondii did not
depend on the sex or age of the birds.

However, the role of feeding behavior in the local
distribution of toxoplasmosis remains unclear and warrants
further research incorporating new methodologies, addi-
tional animal species, broader geographic areas, and larger
sample sizes. Bird migration patterns likely play a role in
the continuous transmission of this disease in the Meghri
region, although the presence of local cycles is highly prob-
able too. Therefore, future studies should aim to elucidate
the genetic diversity of T. gondii isolates in Armenia. This
exploration can provide valuable insights into identifying
sources of infection and understanding how the parasite
spreads within the local environment.
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