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Mycoplasma spp. are wall-less bacteria able to infect mam-
mals and are classified as hemotropic (hemoplasma) and
nonhemotropic. In aquatic mammals, hemoplasma have
been reported in California sea lions (Zalophus californianus)
and river dolphins (/nia spp.). We investigated Mycoplasma
spp. in blood samples of West Indian manatees (Trichechus
manatus), pinnipeds (5 species), and marine cetaceans (18
species) that stranded or were undergoing rehabilitation in
Brazil during 2002—2022. We detected Mycoplasma in blood
of 18/130 (14.8%) cetaceans and 3/18 (16.6%) pinnipeds.

Marine mammals are a diverse polyphyletic group
of animals that are anatomically and physiolog-
ically adapted to an aquatic lifestyle and depend on
marine ecosystems (1). The group includes members
of the order Carnivora, such as pinnipeds, sea otters
(Enhydra lutris), marine otters (Lontra felina), and po-
lar bears (Ursus maritimus); order Sirenia, which in-
cludes manatees and dugongs (Dugong dugon); and
the infraorder Cetacea, which comprises dolphins,
whales, and porpoises (1,2). Those diverse species
are considered ecosystem sentinels (3,4). The coast of
Brazil sustains a high diversity of marine mammals,
including 44 cetacean, 8 pinniped, and 1 sirenian spe-
cies (5,6), at least 8 of which are classified into some

All tested manatees were PCR-negative for Mycoplasma.
Our findings indicate that >2 different hemoplasma species
are circulating in cetaceans. The sequences from pinnipeds
were similar to previously described sequences. We also de-
tected a nonhemotropic Mycoplasma in 2 Franciscana dol-
phins (Pontoporia blainvillei) that might be associated with
microscopic lesions. Because certain hemoplasmas can
cause disease and death in immunosuppressed mammals,
the bacteria could have conservation implications for already
endangered aquatic mammals.

level of extinction risk (7,8). Anthropogenic threats,
such as pollution, climate change, and bycatch, se-
verely effect marine mammal populations; however,
infectious diseases also play a role (9). Information on
marine mammal diseases in Brazil is limited, particu-
larly in sirenians, and usually focuses on viral infec-
tions (10-14).

Mycoplasmas are a group of pleomorphic cell
wall-deficient bacteria of the class Mollicutes that
are considered the smallest self-replicant prokary-
otes (15). Mycoplasmas have been detected in several
mammal species, including humans (16-19). Mycoplas-
ma spp. are divided into 2 distinct groups on the basis
of infection tropism: nonhemotropic mycoplasmas
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and hemotropic mycoplasmas (hemoplasmas) (15,20).
Nonhemotropic mycoplasmas usually infect epithe-
lial cells of the respiratory and urinary tracts and
have been associated with persistent pneumonia, op-
portunistic nephritis, encephalopathies, autoimmune
disease, and reproductive disorder in multiple spe-
cies (21-23). Hemotropic mycoplasmas can adhere to
erythrocyte surfaces and have been linked to acute
and chronic anemia, starvation, and even death, es-
pecially when they occur along with other pathogens
or in immunosuppressed or immature mammals (24).
Regardless, most hemoplasma species cause subclini-
cal infections (19,24).

Available studies have focused on domestic ani-
mals, but hemoplasmas have attracted the attention
of wildlife researchers in the past decade (23). Hemo-
plasmas have high infection prevalence and genetic
diversity, and hemoplasma DNA has been found in
several wild mammals (25,26). In addition, occasional
reports of interspecies transmission could indicate
zoonotic potential (17,27). Despite the potential for
zoonoses, few taxa have been described, and little is
known about hemoplasma transmission routes and
pathogenesis (19).

Among marine mammals, hemoplasmas have
only been reported in pinnipeds, and a study of Cali-
fornia sea lions (Zalophus californianus) described an
infection rate of 12.4% (17/137) (28). We recently
detected hemoplasma in 65.6% (32/50) of sampled
river dolphins (Inia geoffrensis and 1. boliviensis) from
the Amazon Basin, indicating that the bacteria are
also circulating in fully aquatic mammals (13). Non-
hemotropic mycoplasmas have been detected in ma-
rine mammals, particularly in pinnipeds, but only a
few cases have been reported in cetaceans (29-35).
Of note, Mycoplasma phocicerebrale, one of the species
isolated from harbor seals (Phoca vitulina) in 1988, is
recognized as the likely cause of seal finger disease in
humans, which is transmitted by direct contact with
infected seals through bites or handling (35). Despite
those reports, little information is available on hemo-
tropic mycoplasma in marine cetaceans and sirenians
worldwide or on epitheliotropic mycoplasma in ceta-
ceans of the Southern Hemisphere. We surveyed and
characterized Mycoplasma spp. in blood samples of
marine mammals that were stranded or undergoing
rehabilitation in Brazil during 2002-2022.

Materials and Methods
Samples

All collected samples described herein are stored in
the Marine Mammal Blood and Tissue Bank of the
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Laboratory of Wildlife Comparative Pathology of the
University of Sdo Paulo, Sao Paulo, Brazil. Samples
are periodically surveyed for other pathogens de-
pending on necropsy and histopathological reports
from sampled mammals.

Cetaceans
We analyzed samples from 130 marine cetaceans that
had stranded alive or dead or were bycaught (caught
unintentionally) along the northeastern (62/130) or
southeastern (68/130) coast of Brazil during 2011-
2022. Samples were from animals of the families Del-
phinidae (n = 67), Pontoporiidae (n = 42), Kogiidae
(n = 14), Balaenopteridae (n = 6), and Physeteridae (n
= 1), comprising 18 different species (Table 1). Blood
samples were collected from the ventral caudal pe-
duncle in live animals or directly from the heart in
dead stranded animals, placed in vacutainer tubes
with EDTA, and maintained at —80°C until analysis.
Animals that stranded dead or that died during
rehabilitation were necropsied according to standard
procedures (36). Age class was established according
to total body length (6). Selected tissue samples were
fixed in 10% formalin at room temperature. An ad-
ditional set of samples, including lung, spleen, cere-
brum, and liver, was frozen at —80°C until analysis.

Pinnipeds

We analyzed blood samples from 18 pinnipeds that
stranded alive during 2018-2022 along the north-
eastern (1/18) or southeastern (17/18) coast of Bra-
zil, including 9 South American fur seals (Arctocepha-
lus australis), 4 subantarctic fur seals (A. tropicalis),
2 Antarctic fur seals (A. gazella), 1 crabeater seal
(Lobodon carcinophaga), and 1 southern elephant seal
(Mirounga leonina). Blood samples were collected
from the caudal gluteal or interdigital veins, placed
in vacutainer tubes with EDTA, and maintained at
—-80°C until analysis.

Sirenians
We analyzed samples of 24 West Indian manatees
(Trichechus manatus) undergoing rehabilitation

along the northeastern coast of Brazil. Blood sam-
ples were collected from the ventral pectoral fin,
placed in vacutainer tubes with EDTA, and main-
tained at —80°C until processing. Of note, those
blood samples were previously screened for her-
pesvirus and adenovirus (14).

Ethics Approvals
This study was approved by the Ethical Committee
in Animal of the School of Veterinary Medicine and
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Table 1. Taxonomic and sex information on cetaceans in a study of molecular detection and characterization of Mycoplasma spp. in

marine mammals, Brazil*

Sex No. (%) Mycoplasma-

Cetacean scientific name Common name F M Total positive
Balaenopteridae

Megaptera novaeangliaet Humpback whale 0 5 6 0
Delphinidae

Delphinus delphis Common dolphin 1 1 2 1 (50)

Feresa attenuata Pigmy killer whale 1 3 4 1 (25)

Globicephala macrorhynchus Short-finned pilot whale 2 0 2 0

Grampus griseus Risso’s dolphin 1 0 1 0

Lagenodelphis hosei Fraser’s dolphin 4 1 5 0

Orcinus orca Killer whale 1 0 1 1(100)

Peponocephala electra Melon headed whale 1 9 10 0

Sotalia guianensis Guiana dolphin 13 11 24 3(12.5)

Stenella clymene Clymene dolphin 1 2 3 0

Stenella coeruleoalba Striped dolphin 2 0 2 1 (50)

Stenella frontalis Atlantic spotted dolphin 4 3 7 2 (28.5)

Stenella longirostris Spinner dolphin 0 2 2 0

Steno bredanensis Rough-toothed dolphin 1 3 4 1(25)
Kogiidae

Kogia breviceps Pigmy sperm whale 1 3 4 3 (75)

Kogia sima Dwarf sperm whale 6 10 2 (20)
Physeteridae

Physeter macrocephalus Sperm whale 1 0 1 0
Pontoporiidae

Pontoporia blainvillei Franciscana dolphin 21 21 42 3(7.1)
Total 59 70 130 18

*Mammals were stranded or caught along the coast of Brazil during 2011-2022.

TOne animal’s sex was not determined.

Animal Sciences, University of Sao Paulo (process
no. 1698290119). The collection and transportation
of all samples was approved by the Brazilian Insti-
tute of the Environment and Natural Renewable Re-
sources (license no. 67766). The genetic analysis was
approved by the National System for the Manage-
ment of Genetic Heritage and Associated Traditional
Knowledge (approval no. A49250C).

Molecular Assays

We extracted total DNA from 172 blood samples
by using the DNeasy Blood & Tissue Kit (QIAGEN,
https:/ /www.qiagen.com), according to the manu-
facturer’s instructions. We screened samples for My-
coplasma spp. DNA by using a real time PCR protocol
targeting a 384-bp fragment of the 165 rRN A gene that
we adapted from a previous study (25). To molecu-
larly characterize the bacteria, we further subjected
confirmed positive samples to a nested PCR target-
ing a 1,100-1,400-bp fragment of the 16S rRNA gene
(37) and to a conventional PCR targeting an 800-bp
fragment of the 23S rRNA gene (38). In addition, we
extracted and tested 8 tissue samples collected from
lung, spleen, cerebrum, and liver of a Franciscana
dolphin (Pontoporia blainvillei, Pontoporiidae family)
that tested positive for nonhemotropic mycoplasma
in blood and of its calf, which was found dead along-
side the female, to further investigate a potential sys-
temic infection.
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We purified positive amplicons by using
ExoSAP-IT PCR Product Cleanup (Affymetrix-Ther-
mo Fisher Scientific, https://www.thermofisher.
com) and GFX PCR DNA and Gel purification (Global
Life Sciences Sigma-Aldrich, https://www.sigmaal-
drich.com), and confirmed by direct Sanger sequenc-
ing in both directions. We assembled sequence reads
in MEGA 7.0 (39) by using ClustalW (http://www.
clustal.org/clustal2) alignment and compared se-
quences with those available in GenBank by search-
ing BLASTn (https:/ /blast.ncbi.nlm.nih.gov). We cal-
culated nucleotide and amino acid genetic distances
to the closest sequences on the basis of p-distance,
after editing out the primers. Finally, we used MEGA
7.0 to construct nucleotide maximum-likelihood phy-
logenetic trees with a bootstrap value of 1,000 repli-
cants and a general time-reversible plus invariant site
model for 23S gene and Tamura 3 parameter with in-
versions and gamma distribution model for the 165
gene (329 bp). We selected those evolutionary mod-
els by using jMODELTEST 2.1.10 (My Biosoftware,
https:/ /mybiosoftware.com). We omitted all boot-
strap frequency values <70.

Statistical Analysis

We performed statistical analyses in GraphPad Prism
version 5 (GraphPad Software Inc., https://www.
graphpad.com) to establish whether hemoplasma
could be associated with the any of the following
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variables: host family, habitat distribution, sampling
region, sampling year, age, or sex. We considered
p=<0.05 statistically significant. We used ¥ test to ana-
lyze differences between sexes and Kruskal-Wallis
test to analyze the remaining variables. None of the
analyzed variables were statistically significant.

Histopathologic Examination

We analyzed available formalin-fixed samples from 2
positive cases of nonhemotropic Mycoplasma, a Fran-
ciscana dolphin (identification [ID] number 85) and
its calf (ID173). We embedded samples in paraffin
wax, processed according to routine procedures of
the School of Veterinary Medicine and Animal Sci-
ences of University of Sdo Paulo, sectioned at 5 pm,
and stained with hematoxylin and eosin for light mi-
croscopic examination.

Results
Molecular Findings

Cetaceans
We detected Mycoplasma DNA in the blood of 13.8%
(18/130) of tested animals by using the 165 rRNA
gene real-time PCR (Figure 1), including 14.9%
(10/67) of Delphinidae, 35.7% (5/14) of Kogiidae, and
7.1% (3/42) of Pontoporiidae (Table 1). None of the
tested Balaenopteridae and Physeteridae were posi-
tive (Table 1). We compiled biologic and molecular
data for the Mycoplasma-positive cases (Table 2).
After sequencing the 165 rRNA fragments, we
were able to retrieve 1,100-bp sequences from 11
cases and 330-bp sequences from another 5 cases,
comprising a total of 12 sequence types. In addition,
we confirmed Mycoplasma in 2/18 sequences; how-
ever, the low sequence quality prevented species
characterization. Among the good quality sequenc-
es, 14 Mycoplasma nucleotide sequences from marine
dolphins in our study showed >98.0% nt identity
with the closest available sequences (GenBank ac-
cession nos. ON721294, ON721301, and ON721299),
which were previously detected in blood of riverine
cetacean species (15). Mycoplasma sequences in our
study were from Guiana dolphin (Sotalia guianensis),
pygmy sperm whale (Kogia breviceps), dwarf sperm
whale (Kogia sima), pygmy killer whale (Feresa atten-
uata), common dolphin (Delphinus delphis), Francis-
cana dolphin, killer whale (Orcinus orca), and rough-
toothed dolphin (Steno bredanensis). All sequences
retrieved from pygmy sperm whales were identi-
cal or very similar to sequences described in dwarf
sperm whale and had only 2 single point mutations.
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We also detected a shared 1,100-bp sequence type in
samples from a killer whale (ID95), a rough-toothed
dolphin (ID81), and a Franciscana dolphin (ID79)
that was very similar to the 1 detected in a common
dolphin (ID62).

One of the 330-bp sequences detected in Atlantic
spotted dolphin (Stenella frontalis) had 92.3% nt iden-
tity with an uncultured Mycoplasma spp. (GenBank
accession no. OL985926) detected in lowland tapir
(Tapirus terrestris) from Brazil (Table 2), likely repre-
senting a novel hemoplasma species. Of note, 1 of the
retrieved consensus sequences from blood of a Fran-
ciscana dolphin had the highest nucleotide identity
(98.5%) with a Mycoplasma spp. sequence identified
in a fecal sample from Yangtze finless porpoise (Neo-
phocaena phocaenoides asiaeorientalis) from China that
was not classified as hemoplasma. In addition, we
detected that nonhemotropic mycoplasma in spleen,
liver, and lung of the same dolphin (ID85) and in the
cerebrum, spleen, and lung of its calf (ID173).

We were able to recover 235 rRNA Mycoplasma
spp. genes from 4/18 16S rRNA real-time PCR-posi-
tive casesin a killer whale (1/1), a pygmy sperm whale
(1/3), a dwarf sperm whale (1/2), and a pigmy killer
whale (1/1) (Table 1). The retrieved 800-bp sequences
confirmed 88.4%-90.9% nt identity with a sequence
of Candidatus Mycoplasma haemolamae (GenBank
accession no. CP003731) detected in alpacas (Vicug-
na pacos) from the United States (Appendix Figure
1, https://wwwnc.cdc.gov/EID/article/29/12/23-
0903-Appl.pdf). All but 2 sequences clustered in the
16S rRNA gene phylogram with other sequences
from river dolphins within the Candidatus M. hae-
mosuis group (Figure 2, panel A). The sequence re-
trieved from Atlantic spotted dolphin clustered with
other sequences of hemotropic mycoplasma within
the M. haemofelis group, and the sequence detected in
Franciscana dolphin clustered with the epithelitropic
mycoplasma M. pneumoniae (Figure 2, panel A). In the
23S rRNA phylogram, all cetacean species clustered
together (Figure 2, panel B).

Pinnipeds

We detected Mycoplasma DNA in 3 of 18 blood sam-
ples (Figure 1), comprising 2 subantarctic fur seals
and 1 Antarctic fur seal. We were able to recover two
1,100-bp sequences and one 410-bp sequence of the
16S rRNA gene and two 800-bp sequences of the 235
rRNA gene (Table 1). Phylogenetic analysis of the 165
rRNA gene showed that the retrieved sequences had
confirmed (99.3%-100% nt) identity with Mycoplasma
previously detected in California sea lions (GenBank
accession no. GU124613). Both retrieved sequences
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of the 23S rRNA gene confirmed (99.0% and 99.1%
nt) identity with a hemotropic mycoplasma also de-
tected in California sea lions (GenBank accession
no. GU905003). On the phylogram, the retrieved se-
quences clustered with Candidatus M. haemozalophis
within the haemosuis group in both genes (Figure 2).
We submitted representative sequences to GenBank
(accession nos. OR183450, OR184994, OR185401-4,
OR193689, OR193690, OR193698-700, OR193703,
OR193728, OR193739-45).

Sirenians
We analyzed samples of 24 West Indian manatees. All
manatees tested PCR negative for Mycoplasma DNA.

Histopathologic Findings

We summarized all epidemiologic and biologic data
of the tested marine mammals (Appendix Table). We
described anatomopathological findings of the Fran-
ciscana dolphin and calf (ID85 and ID173) that tested
positive for nonhemotropic mycoplasma (Table 3;
Appendix Figure 2).

Discussion

We detected hemoplasma in cetaceans and pinni-
peds in Brazil. We observed a 13.8% occurrence rate
in tested cetaceans (18/130), which was lower than
rates observed in river dolphins (64%; 32/50) but
similar to the rates reported in California sea lions
(12.4%; 17/137) (13,28). The spatial distribution of
the marine cetaceans we studied is wider and less
restricted than the previously studied river dolphin
populations, which could affect hemoplasma circula-
tion. Furthermore, the sampling method could have
influenced the different occurrence rates among ma-
rine and riverine cetaceans. In this study, we sam-
pled marine mammals involved in stranding events
that were distributed over a broad geographic area
and timeframe, and multiple species and groups
were represented. Our previous study involved data
collected in scientific captures concentrated in a few
days and usually involving animals from the same
family group and species (13).

Several previous hemoplasma studies targeted
the 165 rRNA gene, a highly conserved genetic re-
gion, which could affect the identification of novel
species because the gene can be undifferentiable be-
tween pathogen species (19). Despite targeting this
gene, the nucleotide sequence we retrieved from an
Atlantic spotted dolphin showed 92.3% nt identity
with the closest sequence available, likely correspond-
ing to a novel hemoplasma species. In the phylogram,
that novel species did not cluster with the other he-
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Figure 1. Stranding locations of Mycoplasma-positive cetaceans
and pinnipeds sampled for a study of molecular detection and
characterization of Mycoplasma spp. in marine mammals, Brazil.
A) Ceara state, in the northeast region; B) Bahia and Espirito
Santo states; C) S&o Paulo state, in the southeast region. Insets
show location of each region in Brazil. Dots indicate single
animals that tested Mycoplasma-positive.

moplasmas described in cetaceans to date, evidenc-
ing high divergency. The species also was classified
within the M. haemofelis group (Figure 2), which usu-
ally is associated with higher pathogenicity. All the
remaining hemoplasma sequences we retrieved from
cetaceans had >98.0% nt identity with sequences of
previously detected hemoplasma in river dolphins
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and clustered with those sequences. That high simi-
larity among most of the obtained cetacean sequences
likely indicates co-evolution or co-divergence of the
pathogen and a common ancestry. Nevertheless, the
novel sequence detected in an Atlantic spotted dol-
phin suggests that at least 2 different species of hemo-
tropic mycoplasmas are circulating in cetaceans in the
south Atlantic.

We detected the same 16S rRNA sequence type
in 3 different species, Franciscana dolphin, killer
whale, and rough-toothed dolphin, which belong
to 2 different taxonomic families and the samples
were collected in different regions of Brazil. That
pattern diverged from the pattern we observed in
river dolphins, where we could link genetic struc-
ture on the basis of host and collection site (13).
That finding potentially indicates interspecies
transmission of hemoplasma among marine ceta-
ceans because those species are not geographically
separated by natural barriers like the river dolphins
we studied. We could only amplify the 23S gene in
one of the mentioned animals, which precluded a
multilocus analysis.

In pinnipeds, 165 and 23S sequences retrieved in
subantarctic and Antarctic fur seals were very similar
to sequences previously detected in California sea li-
ons (>98.9% nt identity). Considering the geographic
and taxonomic differences among those 3 host spe-
cies, our findings could indicate a low mutation rate
within this bacterium. Antarctic and subantarctic fur
seals belong to the genus Arctocephalus and both have
reproductive colonies near the Antarctic convergence
in the Southern Hemisphere, and dispersal to the
Northern Hemisphere has not been reported (5). By
contrast, California sea lions are of the genus Zalo-
phus, breed in coastal and offshore islands of Califor-
nia (USA) in the Northern Hemisphere, and disperse
farther north after breeding season (40). Thus, the
species are unlikely to have natural encounters.

We detected a nonhemotropic mycoplasma in
blood and available frozen lung, spleen, and liver
tissues from a Franciscana dolphin and frozen brain,
lung, and spleen tissues from its calf, indicating sys-
temic infection. Nonhemotropic mycoplasmas have
already been detected in other marine mammals, in-
cluding cetaceans, and were mainly associated with

Table 2. Biologic and molecular data from mammals in a study of molecular detection and characterization of Mycoplasma spp. in

marine mammals, Brazil*

Mycoplasma sequence comparison

16S rRNA Closest
Case Age Year sequence Accession % nt available Species of
no. Species class/sex stranded length, bp no.t Identity sequencet detection
ID1 Kogia breviceps Adult/M 2017 1,100 OR193701 98.9 ON721294 Inia geoffrensis
ID13 Kogia sima Adult/F 2019 1,100 OR193699 98.9 ON721294 1. geoffrensis
ID14 Stenella Adult/F 2019 Inadequate NA NA NA NA
coeruleoalba sequence
ID15 Kogia breviceps Adult/M 2020 1100 OR193701 98.9 ON721294 |. geoffrensis
ID16 Kogia sima Adult/M 2020 1,100 OR193703 98.7 ON721294 1. geoffrensis
ID19 Stenella frontalis Adult/F 2020 330 OR184994 92.3 0L985926 Tapirus terrestris
ID26 Kogia breviceps Adult/F 2020 1,100 OR193701 98.7 ON721294 |. geoffrensis
ID29 Stenella frontalis Adult/F 2021 Inadequate NA NA NA NA
sequence
ID34 Feresa attenuata Adult/M 2015 1,100 OR193702 98.0 ON721301 Inia boliviensis
ID62 Delphinus delphis  Juvenile/M 2021 1,100 OR193698 98.4 ON721294 1. geoffrensis
ID63 Sotalia guianensis  Juvenile/F 2021 330 OR193744 98.6 ON721294 |. geoffrensis
ID79 Pontoporia blainvillei  Calf/M 2019 1,100 OR193700 98.5 ON721294 1. geoffrensis
D81 Steno bredanensis Adult/M 2019 1,100 OR193727 98.5 ON721294 1. geoffrensis
ID85 Pontoporia blainvillei ~ Adult/F 2018 1,100 OR183450 98.5 JN792314 Neophocaena
phocaenoides
asiaeorientalis

ID95 Orcinus orca Juvenile/F 2020 1,100 OR193728 98.5 ON721294 1. geoffrensis
ID119 Sotalia guianensis  Juvenile/M 2022 330 OR193742 100 ON721299 1. geoffrensis
ID122  Pontoporia blainvillei  Calf/F 2022 330 OR193741 99.7 ON721301 1. boliviensis
ID126 Sotalia guianensis  Juvenile/M 2022 330 OR193743 98.6 ON721301 1. boliviensis
ID131 Arctocephalus Adult/M 2020 1,100 OR193739 100 GU124613 Zalophus

tropicalis californianus
ID132 Arctocephalus Adult/F 2020 1,100 OR193740 99.3 GU124613 Z. californianus

tropicalis
ID144 Arctocephalus Juvenile/M 2021 410 OR193745 99.3 GU124613 Z. californianus

gazella

*Mammals were stranded or caught along the coast of Brazil during 2011-2022. bp, base pairs; ID, identification; NA, not applicable.

tFrom GenBank.

2476

Emerging Infectious Diseases « www.cdc.gov/eid ¢ Vol. 29, No. 12, December 2023



|2

Mycoplasma spp. in Marine Mammals, Brazil

ON711292: uncultured Mycoplasma sp. Inia geoffrensis (Brazil)
© ID119: Sotalia guianensis -Brazil

ON721294: uncultured Mycoplasma sp. India geoffreneis (Brazil)
© ID13 and ID16: Kogia sima (Brazil)

© ID1 and ID15: Kogia breviceps (Brazil)

ON721298: uncultured Mycoplasma sp. India boliviensis (Brazil)
ON721296: uncultured Mycoplasma sp. India boliviensis (Brazil)
ON711293: uncultured Mycoplasma sp. India geoffreneis (Brazil)
© ID63: Sotalia guianensis (Brazil)

© ID79: Pontoporia blainvillei (Brazil)

® ID95: Orcinus orca (Brazil)

© ID81: Steno bredanensis (Brazil)

© ID62: Delphinus delphis (Brazil)
o ID126: Sotalia guianensis (Brazil)
© ID34: Feresa attenuata (Brazil)
BON721301: uncultured Mycoplasma sp. India boliviensis (Brazil)
© ID122: Pontoporia blainvillei (Brazil)
AF306346: Mycoplasma haemolama—Lama pacos (USA)
GU047355: Candidatus mycoplasma haemolama—Vicugna pactos (Switzerland)
GU047355: Candidatus mycoplasma haemolama—Vicugna pactos (Switzerland)
KX171205: Mycoplasma wenyonii isolate-Boas taurus (Mexico)
KF306249: Candidatus Mycoplasma haemocervae-Cervus nippon yesoensis (Japan)
Q634379: Uncultured Mycoplasma sp. Blastoceros dichotumus (Brazil)
JF931135: Mycoplasma orvis-Ovis aries (Japan)
AB848713: Candidatus Mycoplasma haemomeles-Meles meles anakuma (Japan)
EU839980: Candidatus Mycoplasma haemominutum-Felis catus (Italy)
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Figure 2. Maximum-likelihood phylograms from a study of molecular detection and characterization of Mycoplasma spp. in marine mammals,
Brazil. A) 16S rRNA gene (329-bp) phylogram based on Tamura 3-parameter with inversions and gamma distribution model. Mycoplasma
pneumoniae was selected as outgroup. B) 23S rRNA gene (820-bp) phylogram based on a general time-reversible model with invariant sites.
Bacillus subtilis was selected as outgroup. Trees show alignment of Mycoplasma spp. consensus sequences obtained in marine mammals
from this study (pink dots and bold text) and other hemotropic mycoplasmas retrieved from GenBank. Reliability of the phylograms was tested

by 1,000 replicate bootstrap analyses omitting values <70. Trees generated by using MEGA 7.0 (https://www.megasoftware.net).
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pneumonia and septic polyarthritis (29-35). Despite
those detections, little information is available about
the pathologic signature of these bacteria because the
descriptions are usually linked with co-infections,
like avian influenza virus or parasites, that could
influence the observed lesions (29,31,41,42). In our
study, both dolphins had mild to moderate granulo-
cytic pneumonia with exfoliation of macrophages and
pneumocytes in alveoli (Appendix Figure 2). Exten-
sive pulmonary lesions, including pneumonia with
granulocytes in the alveoli (43,44), have already been
described, suggesting that the lesions observed in our
study could be associated with mycoplasma infec-
tion. Furthermore, the brain of the calf tested positive
for Mycoplasma spp. and demonstrated lesions com-
patible with neuronal suffering (e.g., neuronophagia).
Detection of nonhemotropic mycoplasma in brain has
been described in multiple mammals, including hu-
mans, seals, cattle, and sheep, and has been recorded
mainly in nurslings (i.e.,, human infants and calves)
(23), as observed in this investigation. In sheep, evi-
dence of transmammary transmission and develop-
ment of encephalitis in the infected lambs has been
described (23). Despite isolation from the brains of
harbor seals in an epizootic mortality episode in the
North Sea 30 years ago, the role of mycoplasmas in
central nervous system infections has not been clari-
fied (29). Previous reports of nonhemotropic myco-
plasmas in cetaceans were all in species distributed

in the Northern Hemisphere, and detection was from
lungs, nasopharynx, liver, preputium, and atlantooc-
cipital joints (31,33,34).

We did not find statistically significantly higher
hemoplasma occurrence in adults than in juveniles
or calves, which differs from what we observed in
Amazon (Inia geoffrensis) and Bolivian (I. boliviensis)
river dolphins (13). Nevertheless, we detected hemo-
plasma in blood sampled over the years. Thus, ende-
micity of detected hemoplasmas in those populations
cannot yet be determined. As we observed in Amazo-
nian manatees (Trichechus inunguis) (13), all the West
Indian manatees tested herein were PCR negative for
mycoplasma. Manatees, unlike cetaceans and pinni-
peds, are herbivorous and shed different endopara-
sites than the other 2 groups, which could explain the
lack of mycoplasma-positive manatees (45). Never-
theless, most of the tested mammals had previously
stranded as neonates or calves; therefore, they would
have had little contact with adult manatees that could
be a source of infection.

Some of the species selected for this study are
threatened and experiencing decreasing population
trends. The Franciscana dolphin and the West Indian
manatee are currently classified as vulnerable by the
International Union for Conservation of Nature’s Red
List of Threatened Species (7). Certain hemoplasma
species can cause disease and even death in immu-
nosuppressed mammals, so those pathogens could

Table 3. Main pathologic findings of 2 bycaught Franciscana dolphins (Pontoporia blainvillei) positive for nonhemotropic mycoplasma
in a study of molecular detection and characterization of Mycoplasma spp. in marine mammals, Brazil

Case no. Gross findings Microscopic findings
ID85 External examination: multifocal linear imprints Spleen: moderate white pulp hyperplasia. Moderate diffuse
and incisions associated with net entanglement. congestion. Mild to moderate acute granulocytic splenitis. Mild to
Multifocal moderate teeth marks in all ventral moderate expansion of the periarteriolar lymphoid sheaths with
aspects, particularly in the pedunculus. deposition of eosinophilic amorphous material and lymphocytolysis.
Lungs: marked diffuse congestion and mild Lungs: moderate multifocal congestion and hemorrhage. Mild to
edema. Multifocal mild atelectasis areas moderate granulocytic pneumonia with interalveolar macrophages
and pneumocytes. Mild multifocal atelectasis.
Axillary and mesenteric lymph nodes: moderate Prescapular lymph node: mild to moderate acute granulocytic
lymphadenomegaly lymphadenitis with lymphocytolysis in germinal centers.
Central nervous system: mild to moderate Liver: mild ductal hyperplasia. Mild congestion.
cerebral congestion.
Thyroid, thymus, kidney, and pituitary and adrenal glands: Mild to
moderate congestion.
Tongue, cerebellum, brain, mesenteric lymph node, stomach, and
intestines: no significant findings observed
ID173, calf  External examination: mild multifocal linear marks Central nervous system: Mild to moderate congestion. Mild
of ID85 associated with net entanglement. satellitosis and gliosis. Mild neuronophagia.

Lungs: marked congestion, mild to moderate
pulmonary edema.

Liver: Mild multifocal to coalescent pale areas.
Moderate congestion.
Generalized congestion.

Lung: Marked diffuse congestion and hemorrhage associated with
moderate to marked multifocal edema. Mild to moderate
granulocytic pneumonia with exfoliation of macrophages and
pneumocytes in alveoli. Rare megakaryocytes.

Liver: mild microgoticular degeneration and congestion.

Kidney: mild congestion and hemorrhage.
Spleen, skeletal muscle, adrenal glands, trachea, skin, stomach,
mesenteric and rectal lymph nodes: no significant findings observed

*ID, identification.
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potentially have conservation implications in aquatic
mammals. That observation is especially crucial when
considering that aquatic mammals are facing diverse
anthropogenic and natural threats, such as aquatic
pollution, climate change, and anthropization, which
are capable of affecting their immune status and in-
creasing disease susceptibility (46).

In conclusion, we detected Mycoplasma DNA in
blood samples of marine cetaceans and pinnipeds in
Brazil. Our findings indicate that at least 2 divergent
species of hemotropic mycoplasma are circulating in
cetaceans. In addition, we detected a nonhemotropic
mycoplasma in Franciscana dolphins. The Mycoplas-
ma sequences retrieved from pinnipeds were very
similar to sequences previously described in Califor-
nia sea lions. Mycoplasmas were not detected in any
of the tested sirenians. Our findings demonstrate a
wider host range of hemotropic mycoplasma in ceta-
ceans and pinnipeds and expand epitheliotropic my-
coplasmas to cetaceans of the Southern Hemisphere,
reinforcing the presence of those bacteria in aquatic
mammals under natural conditions. The interspecies
transmission, zoonotic potential and pathogenicity of
all mycoplasmas detected should prompt additional
serosurveys to elucidate the range and possible im-
plications of Mycoplasma infections for marine mam-
mals, especially endangered species.
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Marine mammals that stranded along the Sao Paulo coast
were rescued by the Santos Basin Beach Monitoring
Project (PMP-BS/ ABIO 640/215). PMP-BS is a project
required by the Brazilian Institute of the Environment and
Renewable Natural Resources of the Brazilian Ministry

of Environment for the environmental licensing process
of the oil and natural gas production and transport by
Petrobras at the Santos Basin. The objective of this project
is to assess the possible impacts of oil production and
flow activities on birds, sea turtles, and marine mammals,
through monitoring of beaches and veterinary care for
live animals and necropsy of animals found dead. The
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project is carried out from Laguna, in Santa Catarina,

to Saquarema, in Rio de Janeiro, and is divided into 15
sections. Instituto de Pesquisas Cananéia monitors the
Section 7, comprising Ilha do Cardoso, Ilha Comprida, and
Juréia (Iguape), Biopesca institute monitors the Section 8,
between Peruibe and Praia Grande, and Argonauta para
Conservacao Marinha e Costeira institute monitors the
Section 10, between Sdo Sebastido and Ubatuba.
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e Adeno-Associated Virus 2 and Human
Adenovirus F41 in Wastewater during
Outbreak of Severe Acute Hepatitis in
Children, Ireland

e Outbreaks of SARS-CoV-2 Infections in
Nursing Homes during Periods of Delta
and Omicron Predominance, United
States, July 2021-March 2022

o Effectiveness of BNT162b2 Vaccine against
Omicron Variant Infection among Children
5-11 Years of Age, Israel

* Monkeypox Virus Infection in 2 Female
Travelers Returning to Vietnam from
Dubai, United Arab Emirates, 2022

e Experimental Infection and Transmission
of SARS-CoV-2 Delta and Omicron Variants
among Beagle Dogs

¢ Highly Pathogenic Avian Influenza A(H5N1)
Virus Outbreak in New England Seals,
United States

Variants, Singapore

e Serial Interval and Incubation Period
Estimates of Monkeypox Virus Infection in
12 Jurisdictions, United States,
May—-August 2022

e Two-Year Cohort Study of SARS-CoV-2,
Verona, Italy, 2020-2022

e Chikungunya Outbreak in Country with
Multiple Vectorborne Diseases, Djibouti,
2019-2020

¢ Blackwater Fever Treated with Steroids in
Nonimmune Patient, Italy
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