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Abstract: The presence and zoonotic poteafiz] of Afvoplama spp. have already been identified in primates from different regions of the world
Information on the consequences of these parasites for the health of non-lnmsan primates, especially those threatened with extinction, such as the
zolden-headed Lion tamarin (Leontopithecrus chrysomalar), is scame in the literanme. The issue requires greater afiention, as it can confribue to
Species conservation actions. Thus, the main objectve of the smdy was to ivestigate the presence of Mjraplarma spp. in blood samples subjected
o PCE for the 165 AMNA gene of 21 zolden-beaded lion tsmarins living in anthropically altered emwironments in southern Bahia, Brasil
Additionally, the hematological parameters of infected animals were evaluated. Of the assessed animals (=21}, 38%0 were positive for Mycoplazma
spp... showing m idensity between 380 and 90.0% for this bacteriom There was no difference between positive and nepatve snimals for
Mycoplarma spp. concerning the hematological parameters evaloated The data show that Wcoplasmg spp. is present in the zolden-headed lion
tamanin in southern Bahia which may afect animal and public health
Keywords: Conservation: hemaparasites; bemoplasmas; primates; South America
1. Introducton

The golden-headed Lon tamann (Leentopithecns chrysomelas) 15 2 pnmate endemmc to the Atlarhe Forest m southern Bahia
northeastern Braml (Teixenra, 2022), and 1t 15 an endangered species (criterion Adc) (Oliveirz et al., 2021). Most local golden-headed
lion tamarm populations Irve in areas under anthropogeme mfluence, such as degraded secondary forest and agncultural svstems
(e.g., agroforestry systems of cocoa (Theebroma cacac) plantztions, popularly known as cabrucas (Bemal-Valle et al., 2025)
generally surounded by agnienltwral areas, pasthures, and human seftlements, which mereases the nisk of disease ransmussion among
wild and domestic ammals, and bumans (Tomen and Ohrwayeln, 2023). Thus, 2 One Health approach 15 required to assess the health
status of these mdividuals to understand the epidemiclozy of Mycoplasma sp. in this threatened species (Leendertz et al | 2017),

partcnlarly in an emviromment sustaiming greater 1isk of zoonotc disease emergence (Han et al, 2016}, and conmbute to the

development and implementation of ongoing and fuhwe conservation strategies to protect these golden-hezded lion tamann nnc"l“Es 0F

populations.
Bactena of the gemms Mycoplasma spp. are essenfizl fo public and veterinary health. These bactena adhere to the swface of

erythrocytes from vanous wild and domestic mammals, includng amans (Paul of al., 2020; Strandberg et al., 2023; Lignon et al.,

2025). It 15 believed that hematophagous arthropods such as fleas, hice, ficks, and mosquitoes can transmit these bactena (Paul et

al., 2020). Most Mycoplasma spp. are species-specific, however, there are reports of mfection by Mycoplasma spp. in species that

are not the primary bosts (Obara et al, 2011). Human infection has been reported m pregnant women, immmmocompromsed patiants

and people exposed to amomals and arthropeds (Steeret al, 2011; Paul et al, 2020).
Infectons by Myeoplasma spp. have been reported worldwide in some species of non-luman prmates such as Macaca

Jascicularis (Sncharem et al ., 2021), Macaca fiscata (Sashida et al., 2014) and Macaca assamensis (Fucksaken ef al., 2024). In

Brazl, mfections by Mycoplazma spp. have been reported in Alewarta spp. (Cubilla et al., 2017; Melo et al. 2019), Sapgius apella,

Saimiri scinvens and Saguinus midas niger (Bonato et al., 2015}, Sapqins migring (Cubilla et 2L, 2017), Sapgius flmins (Ramalho

ef al., 2017}, and Macaca mulatta maintaimed in laboratory (Mongmel et al., 2022}, Mycoplasma species found m pnmates were

‘Candidans Mycoplasma kahanet” (Meimark et al | 2002), *Ca. M. act” (Barker et al., 2011) and “Cla. M. haemomacague’ (Mongruel

at al., 2022; Narapakdeesakul et al, 2024; Encksaken ot al.| 2024). In addition to these species, there are suspicions of others that

have not yet been identified in non-human primates (Bonato et al., 2015; Ramalhe et al., 2017). Some studies report that primates March/2025

infected by Mycoplasma spp. may present hemolyiic anemia (Contarin and Michel 1999; Santos et al., 2013); however, this change

1= not alwavs observed (Cubilla et al | 2017; Ramalho et al., 2017; Mongmel et al., 2022).
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In this study, s 1t was imvestigated the ocowrence of Mycoplasma spp. through meolecular analysis in populations of the golden-
keaded hon tamann m southem Bahia, Braml. There were alse investigated hematological changes associated wath the ocoumence
of Mycoplasma spp. on animals,

1. Material and Methods

1.1. Ethical Statemnent

Thus wotk was approved by the Aromal Fesearch Ethoes Commuttes of the Universidade Estadual de Santa Crz under protocaol
# 0182015, The Bramlian Environmental Agency (ICMBio/SISBIO) approved permission to captue and collect biologieal
matenials under protocels £ 234576 and # 471783,

1.2, Studied andmals and blood sample collection

From October 2015 to March 2017, blood samples were collected from 21 adult indnaiduals, 12 males and mine females (Table
1), belonzms to five groups of free-tangng golden-headed hon tamarins. Three of these groups (RIB, MEO and OZA) lved n
fragments of degraded forest inserted in an agricultuwral matmx {called DFAM) of pastures, bber trees (Hevea Brasziliensis), cupuacu
(Theobroma grandjflorum), cocoa (Theobroma cacac) plantations and ephenserzl crops in the rural area of the numictpality of Una,
Bahia Brazl (15715527 5, 39°8'46” W). The other two groups (ALM and BOM) Inved m areas of cocoa agroforestry systems
(called cabrica) belonzing to prrvate farms in the nwal area near the aty of Ihéus, Balia Bra=l (1473975, 39°11'W). These
environments (DFAM and cabruca) are approcimately 107 km apart and there are no connections between tamann populations
studied in these two locations. L. crfgsomelas groups that Ime m these areas have been habrmated and monitored for ecology,
behavior and health studies smee 2013 {De Vieeschowwer and Olrverra, 2017; Costa et al, 2020; Bernal-Valle et al., 2025). Both
of these emmronments (DFAM and cabruca) present specific challenges to groups of tamarins, such as higher hunting levels and
buman contact congpared with groups bving 1 more preserved areas (Costa ef al., 20200,

To collect blood samples, tamarins were caphwed m tomahawk fraps (048 m length = 0.15 m wadth = 0,15 m height), usng
bananas as bait, following the procedures described by Catenacei et al (2022). After capture, animals were taken to 2 field laboratory
and sedated (10 mg'kg Ketamine and 0.3 mg'kg Midazolam, mtrammsculardy), followmg Catenacel et al. (2016). After sedation,
animals were evalnated for general health statns, and blood samples were collected by puncture of the femoral vem in the
artentovenous plexus of the mepwinal region, with a maxmmm collecton volume of 3 ml (Catenace: et al., 2022). Tamanns 6 and
113 had thewr blood collected at two different tumes. Tamann § in June2015 and March2017 and Tamarm 113 m March2016 and
March2017. The other animals had their blood collected only once (Table 1).

After collechion, blood samples were stored m 4ml sterile tubes containmz EDTA K3 anticoagulant (Wacuplast, Osasco, Brazl)
and cooled for bematological analysis, whach took place the day after collection. The tamarins were kept in the laboratory overmght
to ensure full meovery from anesthesia and after feeding them banana, they were releazad thems early m the moming of the next day
at the site where they were captured This procedure has been used and adapted to ensure amimal safety, resultmg m 2 very safe
process with no detimental effects on the ammmals if performed adequately (Costa et al., 2020; Catenacci et al |, 20223

Animal
Tamarin 92
Tamarin 12§
Tamarin 115
Tamarin 102
Tamarin 116
Tamarin 117
Tamarin &5
Tamarin 109
Tamarin 113
Tamarin 123
Tamarin 14
Tamearin 15
Tamarin 17
Tamarin 19
Tamarin 23
Tamarin 5
Tamarin &
Tamarin 7
Tamarin 10

¢
i

Environment  Collection pericd
DFAM Mar 2016
DFAM Mar2017
DEAM Mar 2016
DFAM Oct20135
DFEAM Oct 2015
DFAM Oct20135
DFAM Mar 2016
DFAM Mar2017
DFAM Mar2016 and Mar2017
DFAM Mar2017
CAB Fm2016
CAB Fm2016
CAB Mar2017
CAB Mar2017
CAB Mar2017
BOM CAB Fm2016
BOM CAB Jun2016 and Mar2017
BOM CAB Mar2017
BOM CAB TFun2016
Tamarin 11 BOM CAB Fm2016
Tamarin 17 BOM CAB Tm 2016
Table 1 — Charactaristics of Leomopithecis chrysemelas from degradad areas in Una (DEAM), Bahia, Brazil and cabruca areas (CAE), in Ihéus,
Bahia, Brazil snd blood collection period.
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1.3, Hematological analyses

A complete blood cell count (CBC; 1.2, bemogram leucogram, and platelets) was performed using an auternatic counter cell
control (ABX Vetcounter, Honba, Montpellier, France). Dhfferennal leukocyte count, ammms to deternune the percentage of
basophals, eosinophuls, rod peutrophils, segmented peutrophils, hmphocytes, and monocytes, was obtained from examination of
blood smears with rapid panoptic staimng (Laboreln, Pinhars, Brazl). Values for totzl plasma protein were obtained using a manual
refractometer. Refarence values used to evaluate hematological parameters were based on the ranges established for Leontopithecus
sp. (Verona and Pissinati, 2014). After the blood count was parformed, whole blood samples were stored in sterile plastic cryotubes,
free of D ase and EMNase, and at -20°C for subsequent molecular analysis (Mongmel et al, 2022).

14, Molecular Diagnostics

Molecular protocols were used accordng to Cnado-Foinelio et al. (2003) for DNA was extracted from 200 pL of each tamann
blood sample, using a DNeasy Blood & Tissue extraction kit (Chagen Valenciz, USA), according to the manufacturer’s mstuetions.
DMA concentration was measured using a spectrophotometer (Nanodrop, Thermo Scientfic, Waltham MA USA). Microtubes
containmng stenle ulbapure water were used as a negatrve control. A felme sample positive for Mycoplazma haemafelis was used as
the positrve control. Samples were subjected to comventional Polymerase Cham Feaction (PCE) for 165 RNA zgene, whose primer
oliponucleotides (HBT-F) — 5'- ATACGGCCCATATTCCTACG — 3°, HBT-R - 5'- TGCTCCACCACTTGTTCA-3") were used to
amphify a 600bp fragment (Cnado-Fomeho et al, 2003). The amphfication reaction was performed wsmg a 25 pl total volume
reaction, contzinmg 5 ul of DA, 0.2 mhf of each decoyoucleotide, 0.5 uMM of each olipomclestide primer, 1.0 mM MgC12, 103
PCE buffer, 1.5 IU Tag DMA Pobymerzse, and completing the remaming vohime with ultapure distilled water. Samples were
subjected in the thermocyeler (Biocycler MI96G, Waltham TUSA) to an mitial denatwration at 95°C for 2 munutes, 40 cycles
consisting of denaturation at %4°C for 1 purmte, annealmg at 60°C for 45 seconds, and extension at 72°C for 45 seconds, followed
by a final extension at 72°C for 5 mumates.

1.5 Sequencing and phylogenetic anakysiz

Products resulimg from PCE. were purified using Purelink Th Chuck gel extrachion & PCR. Punfication combo Eit (Imatrogen,
Carlshad, USA). Punfied DMNA fragments amphfied from positive zamples were subjected to the capillary electrophoresis method
(Sanger et al, 1977) on a 3500 genetic analyzer (Applied Biosystems, Waltham TUSA) Electrophemgrams generated after
sequencing were evahiated by observing the quality of the peaks comesponding to each sequenced base, using the FinehTV program
{Geospiza research team). Furthermore, BioEdst +.7.0.53 (Hall et al |, 2011) and BLAST (Altschul ot al | 1997) programs were nsed
to cornpare the percentage wdenhty of sequences obtamed with others previcusly deposited m GenBank.

The 165 tEMA sequences from sequenced samples were used for phylogenetic analysis to comroborate simulanty search data and
classify the sequences at the species level A datzbase with 70 sequences from the 165 region of Mycoplasma spp. was created and
used as the reference for constructing the phyvlogeny. Sequences were aligned with sequences generated m a study using MAFFT
.70 software (Katch and Standley, 2003). The best evolutionary model was estimated as TIM3 by the ModelTest-NG w017
program (Damba et al., 20200, based on the information vale of the Akaike mformation ententon (AIC). An ahgned database was
used to construct the phylogenetic analysis using the maxmmm hkebhood method, with 1000 bootstrap replicates in the I0-Treel
program (Mguyen et al, 2015). The final maze was visuahzed and constructed using the B +.4.1.0 program (F. Core Team, 2018}

1.6, Data analysis and statistics

Imtally, the Lillhefors test was apphied to assess whether hematological parameters had a normal dismbution. Subsequently, we
used the t-student test to evaluate whether there 15 3 difference between positive and negative ammals for Mywvoplasma spp.,
concerning hematological parameters: ervthrocyte count, hematoont, hemoglobin, leukocytes, segmented neutrophal. rod neutrophal,
Iymphocyte, eosmophil, monocyte, platelets, total plasma proteins (FPT), mean corpuscular velume (MOV), mean corpuscular
hemoglobin (HCM) and mean corpuscular hemeglobin count (MCHC), considenng a significance level of p=0.05.
1.7, Results

Chut of the 21 studied mdrvidual=, 38% (8721} were Mycoplasma-PCR-positive: two Inved m cabruca (Tamarm 19 [ATM zoup]
and Tamarin 6 [BOM zroup]) and s m DFAM (Tamann 92 [RIB zroup], Tamarins 102 and 115 [MEO group], and three [Tamarins
95, 109 and 113 [OZA group]).

S1x positive ammals from both areas had thew samples sequenced (Tamanns 92 [RIB group], Tamanns 95, 109, and 113 [OZA
group], Tamann & [BOM group], and Tamann 19 [ALM group]). These samples had between 88% and 99% identity for Mycoplasma
spp. (Table 2).
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Animal Group  Enviromment  Percentage of identity with Mycoplosma sp.
Tamarin 92 RIB DFAM 3% =
Tamarin 93 0Za DFAM 9% .
Tamarin 108  OZ4& DFAM B8%
Tamarin 113 OZ4& DFAM 93%%

L -
Tamarin § BOM CAB 7%
Tamarin 19 ATM CAB 7%
Table * — Percentage of identity with Aficoplarma spp. of DA samples sequenced for 165 rRNA gene of Leentopithecis chrysomelas from g
degraded areas in Una (DFAM), Bahia, Brazil, and cobruca areas (CAB). in héos, Bahia, Brazl, durng Octoben 2015 to March2017.

W0 asfrrreg g pf il Fodd oy umineyy for

Hematological paremeters of studied tamarins were within the reference value for the pems Leomtopithecus (Table 3). Thera e Afesistsresen? aof Riteridnery Pvmiabogi
was no difference between Mycoplasma spp. posaitive and negatrve hematological parameters evahuated (Table 3. d .,

Fo

Parameters Leomtopithecus sp. i Mycoplasma spp. Mycoplasma spp. I-test
(free Hiving)™ ivi {megative; p=13) (positive; n=§)

Erythrocytes DI6x£265 . X 54=043 5.63=038 -6

(x10%/ul)

Hematocrit (%) 3667578 . 35.15=475 369525 -L.60

Hemoglobin (g/'dl) - E . 1128 =135 12.16= 1.67 -1L.20

Leukocytes (x10f/ B8.85=3.92 B ' B0=328 9.37=340 -0.64

61.1=1024 . 67 7+13.10 T2.T+460 -0.96

0.5=0.50 0.3 =050

Lymphocyte (%) 30.5=0.96 26124 188=28 0.84
Eosinophil (%)  0.7=125 3.0=040 0252040 287157 -0.40 0.69
Monocyte (%) G65=418 16=018 1582144 487 =631 2. 0.08

Basophil (%e) 0=0 001 a 0,06 0.0=00 0.0=00 - -

Platelets (x10°/ pl) - - 4363+ 182.58 527.12=158.30 -1.14 0.24

PPT (z/dl) 627098 T2x15 603060 T4 =057 -0.41 0.58

WVCM (unr) - - MT5=TH 9.50=3.74 -1L.66 011

HCM (pg) - - 21.18=241 292+146 -1.82 0.08

CHCM (zidly - - 33.02 =042 33.09=0388 -0.26 0.79
Table 3 — Mean = 5D {standard deviation) and comparation of hematological paramessrs of Leonraprithecis chryzomelas from dregraded areas in
Una (DFAM), Bahia Brazil and cabruca aress (CAEB), in Ihéus, Bahia, Brazil positdve and negative for Mycapiarma spp., during October 2015
to March/2017. Symbol codes: - Data unavailable; *Based on Verona and Pissinat, 2014

The mucleohide sequence data reported i this paper are avalable m GenBank under the accession mumbers PP621507
PP6I1508, PP611509. PP6I1S10, and PP6I151]. Three sequences, Tamarm®5, Tamarm1l3_2017. and Tamannl08, were not
accepted by MCEI due to ther length. Despite thew small length, 1t was stll possible to use them in phylogenetic analv=is.

From sequencing and phylogenetic anakysis, it was possible to infer the position of Mycoplasma spp. in these golden-headed
lion tamanns (Figure 1), All samples belonging to tamarms 92, 95, 109, 113, 6 and 19 grouped with clades of unsdentified species
of Myeoplasma spp.. Tamann &, whose blood samples were collected in two different vears (ne2016 and March2017), were

grouped on the same branch, indicating that the same species of Mycoplazma spp. had been parasitzing the ammal over the years
(Figure 1}. Samples from tamarm 6, which lived i the cabruca enviromment, were grouped in the same branch as tamarnns 92, 109

and 113, which Irved m the DFAM emvironment, indicating that they belong to the same species (Figure 1). Additionally, it was
observed that the same armal {Tamarin 113), whese blood was collected in different vears (March/2016 and March 201 7), presented
a different species of Mycoplasma spp. in each consecutive year of collection (Figure 1.

March/2025
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Species
Aloustia sp. #  Monkey spaciks
Bats (Meotus (wcfugus) »  Saimid sp.

Cats (Falis catuz) * Sapaussp
Cattle (Bos faurus) + Bea lions [Zakphus calfornianus)

Degt(Cans famiaris)  #  Shoap (Oviss avies)

®  [ophosfama sp, #  Gka deer [Cenus nppan)
»  Thisshudy

Figure 1 — Phylogenetic mee showing positons of different species of Mycoplarzma spp. isolated from other hosts. Each host has & different
color in the circle. Sequences generated in the work are coloured red. Analysis was based on 165 mbosomsl 1PMNA of Leonropiifects
chrysomelas from degraded areas in Una (DFAM), Bahia, Brazil, and cabrica zreas (CAE), in Théus, Bahia, Brazil, during October 2015 to
March/2017. Mucleotide sequence data are available under the accession codes PP621507. PRG21508, PPG621500, PRG21510, and FP621511

in the GenBank datsbese (giips. wavw pobining pily sovnzenbapl ).

3. Dizcussion

Golden-headed Lion tamarins from all analyzed groups presented positive results for Mycoplasma spp. in the present study.
Considering the geograplical separation between studied populations, this suggests that these parasites are widely distnbuted m the
region where tamarins’ populations Irve. In addifion to compromising the health status of the animals, these infactons can represent
a nsk to public health due to the zoonmotic potential of these parasites (Ligmon ef al., 2025) and human presamity in these
environments. However, there are no reports of human mfections cansed by Mycoplasma spp. oripmatmg from non-buman primates,
the zoonofic transmmssion should not be underestimated (Narapakdeesakul et al, 2024), smee there are already reports of
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Mycoplazsma haemagfelis from felines to humans (Santos et al., 2008), Mycoplasma suis from pigs to humans (Yoan et al , 2009), as
well as of Candidanes Mycoplasma haematoparnum, probably enginating from contact with dogs (Maggi et al, 2013b).

All tamann samples are grouped with clades of Mycoplasma spp. that infect tamarins and monkeys, suggesting that these species
are ubiquitons in the emvironments studied  The phylogenetic free shows that different Mycoplasma species may infact tamarins in
d:.ﬁ‘&rzntareas*mdled{])fzu&{andmbm) This result differs from what was found by Sn.charﬂ'neralflﬂ"‘l} who detected the

same species of Candidanes Mycoplasma haemomacaque mfecting Macaca fascicularis in three different areas adjzcent to luman
commurities in Thailand Tamann samples grouped with clades of unidentified species of Mycoplasma spp., suggesting they ae
species not yet desenibed in the literature. Thas result shows an open field for new research to be conducted m the region to investigate
and 1dentify species of Myecoplasma spp. that are parasiimng famarins, n addition to evalating the possible zoonotic potential of
these parasites.

Samples from tamanns that Inved m different emronments, DFARM (Tamarins 92, 109 and 113) and cabruca (Tamann 6), were
zrouped 1n the same branch of the phylogenehe tree. This result shows that although these tamarms are geographically separated,
the same species of Mycoplasma spp. Emula‘hngmd:ﬁimﬂtreg:ms and parzsiiang ammals. Tamann 113, in ton, presented
different species of Mycoplasma spp. in each consecutive year of collection (2016 and 2017). This shows iha.tPCR.assav" could
detect the DMNA of other parasite species m different collection vears. Despite the positive results for mfection by Mycoplasma spp..
in hematological examination both DEAM and cabruca ammals presented mean values of bematological parameters within the
normzl range for the Leontopithecns gemms, except for the hemoglobm parameter (1216 = 1 .67), whach was below the normal range
suggested by Verona and Pissinati (2014): (15.4 = 1.6) for hon tamanms that were studied m captivity. However, Montewro et al.
(2010) found a mean hemoglobm value of 11.0 (SD+ 1.6) for free-living golden-headed Lhon tamanns, mdicating that values found
in the present study were withn usual standards for species. Feference values for bematological parameters may vary betwesn
authors due to blood collection conditions, the environment in which the animals Inve, and the charactenstics of sampled animals,
such as age, sex, and reproductrve status, among others (Verona and Pissinati, 2014). Montewro et al. (2010) camed out studies on
golden-headed bon tamarms that lived freely m the Una-Bahia Biological Reserve; therefore, values obtained by thus author are
maore reliable for comparison purpeses with amimals m the present study.

Although there 1= a report of hemolyviic anemz in primates parasitized by Mycoplazma spp. (Santos et al., 2013), in the present
study, no differences were observed in hematological parameters between anmmals testing posiive and negative for this parasite
Similar results regarding the absence of changes m hematological parameters were also observed m other studies with prnmates
(Macaca fascicularis: Magg et al., 2013a; Sapqgius flavins: Bamalho et al., 2017; Macaca mularta: Monguel ef al, 2027). Cublla
et al. (2017} observed a decreased red blood cell (FBC) m mfected black-homed capuchins (Sapqins migrinus). Stll, it was unclear
whether this was related to the hemoplasma infection since po stahsheal difference existed between the animals that tested positive
and negative for this parameter. Furthermore, these amimals had normal or high hematocrit and hemoglobin values. Therefore, fiture
long-term studies, monitoring amimazls’ health, may prowvide a more accurate progoosis about these infected animals” actual health
and well-bemg.

Free-ranging primates may have mereased rizk of hemoplasma mfechion compared to captive primates due to increased exposure
to arthropod vectors (Cubilla et al., 2017). Unfortmately, we did not evaluate the arthropod ectoparasites of golden-headed hon
tamarmns in the present study. The arthropod vectors and tansmussion routes of hemoplasmas in non-human primates remam
unknown.  Some studies have detected hemoplasma DNAs in ectoparasites, such as  “Candidams Mycoplasma
haematohvdrochoerus™ in  _Ambhomma dubitamm tick  (Viema et al, 20213, and Myeoplasma  weponii m Stomeoxys
calcitrans and Tabanus megalops flies (Thongmeeses ef al, 2022). Therefore, finther studies should be conducted about the
potential Mycoplasma spp vectors infesting primates.

4. Concludon

The present study showed that golden-headed hon tamann populations in cabruca and DFAM areas are infected by umdentified
species of Mycoplasma spp. We also identfied mfaction by more than one Mycoplasma species mn a single indridual, whech mmphes
a novel epidenmiclogical charactenstic. Hematological abnormalites were not observed i mfected animals. These results mdicate
that golden-headed hon tamamins in several locations m Southern Bahia, Brazl, may be mnfected and serve as reservowrs for thas
parasite.
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