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Abstract

Cetacean morbillivirus (CeMV; Paramyxoviridae) is the most significant pathogen of cetaceans worldwide. The novel “multi-host”
Guiana dolphin (Sotalia guianensis; GD)-CeMV strain is reported in South American waters and infects Guiana dolphins and
southern right whales (Eubalaena australis). This study aimed to describe the pathologic findings, GD-CeMV viral antigen distri-
bution and detection by RT-PCR (reverse transcriptase polymerase chain reaction), and infectious comorbidities in 29 Guiana
dolphins that succumbed during an unusual mass-mortality event in Rio de Janeiro state, Brazil, between November 2017 and
March 2018. The main gross findings were lack of ingesta, pulmonary edema, ascites, icterus, hepatic lipidosis, multicentric
lymphadenomegaly, as well as pneumonia, polyserositis, and multiorgan vasculitis caused by Halocercus brasiliensis. Microscopically,
the primary lesions were bronchointerstitial pneumonia and multicentric lymphoid depletion. The severity and extent of the
lesions paralleled the distribution and intensity of morbilliviral antigen. For the first time in cetaceans, morbilliviral antigen was
detected in salivary gland, optic nerve, heart, diaphragm, parietal and visceral epithelium of glomeruli, vulva, and thyroid gland.
Viral antigen within circulating leukocytes suggested this as a mechanism of dissemination within the host. Comorbidities included
disseminated toxoplasmosis, mycosis, ciliated protozoosis, and bacterial disease including brucellosis. These results provide
strong evidence for GD-CeMV as the main cause of this unusual mass-mortality event.
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Morbilliviruses (family Paramyxoviridae, order Mononega-
virales) are responsible for severe morbidity and mortality
in humans*® and other animals.'® Within the genus Morbilli-
virus, Cetacean morbillivirus (CeMV) affects dolphins and
whales, and is subclassified into 3 well-characterized strains:
porpoise morbillivirus (PMV),** dolphin morbillivirus
(DMV),2"" and pilot whale morbillivirus (PWMV),%” and
3 recent lesser-known strains,®>"* including the novel Guiana
dolphin (Sotalia guianensis; GD)-CeMV in Brazil.>'* Phy-
logenetic analyses based on partial phosphoprotein gene indi-
cate that GD-CeMV diverged early from other CeMV strains,
sharing the most common ancestor a few hundred years ago,
and that the virus is more closely related to Rinderpest virus
and other terrestrial mammal morbilliviruses than are other
CeMV strains.**3®

CeMYV has been associated with somewhat cyclic epidemics
primarily in the northern hemisphere and interepizootic
“endemic” presentations.®® Although the disease caused by
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CeMV has been known for more than 3 decades,** many
aspects of the pathogenesis remain unknown.'”*® Based on
distribution of histologic lesions, antigen detection, and mole-
cular analysis, CeMV-associated disease was recently classi-
fied into 4 main presentations, that is, acute systemic, subacute
systemic, chronic systemic, and chronic localized encephalitis
(brain-only form of DMV infection).®®

The pathology of GD-CeMV infection in Guiana dolphins
has only been partially described.'®**>'* The aim of this
study was to describe the pathologic findings, viral antigen
distribution and detection by RT-PCR (reverse transcriptase
polymerase chain reaction), and infectious comorbidities of
an epizootic GD-CeMV infection from an UME (unusual
mass-mortality event) in Brazil.*?

Material and Methods

Case Selection, Study Area, and Epidemiologic and
Biologic Data

At least 263 Guiana dolphins died during an UME in Brazil
between November 2017 and March 2018.'%** From this
group, 90 dolphins were tested by PCR, and GD-CeMV was
detected in 82 (91%). This study focuses on 29 of these GD-
CeMV-positive dolphins selected on the basis of tissue avail-
ability and/or suitability for histopathologic analysis and other
diagnostic laboratory techniques. The dolphins were live-
stranded, dead-stranded, or carcasses that were retrieved adrift
in Ilha Grande (23°4'-23°13'S, 44°5'-44°22'W) and Sepetiba
Bay (22°56'-23°8'S, 43°41'-44°10'W), Rio de Janeiro state
(Brazil). Epidemiologic data (date and location of stranding)
and biologic data (total body length, sex, age class, nutritional
status, decomposition status) were collected (Supplemental
Table S1). The animals were divided into 3 age-class categories
(calf, juvenile, adult) based on total body length.>® The nutri-
tional status of each animal was classified as good, moderate,
poor, or emaciated based on the degree of atrophy of the epax-
ial musculature, prominence of ribs, scapula, or axial skeleton,
and the amount of subcutaneous, intrathoracic, and abdominal
fat. The decomposition status was classified as fresh, moderate
autolysis, or advanced autolysis.*®

Gross and Histopathologic Postmortem Analysis

Standard postmortem examinations were performed,*® and rep-
resentative tissue samples (skin, blubber, fascia, skeletal mus-
cle, eye, gingiva, palate, tongue, esophagus, stomach, small
intestine, large intestine, liver, pancreas, spleen, lymph nodes,
thymus, kidney, ureter, urinary bladder, prostate, urethra,
gonads, uterus, vulva, mammary gland, trachea, lung, heart,
aorta, pulmonary artery, diaphragm, adrenal gland, thyroid
gland, cerebrum, cerebellum, brain stem, spinal cord) were
collected and fixed in 10% neutral buffered formalin for 1 to
2 weeks. These samples were trimmed, embedded in paraffin-
wax, sectioned at 5 pm thickness, and stained with hematoxylin
and eosin for light microscopic examination. Additional

histochemical techniques to better characterize microscopic
alterations on selected cases included periodic acid-Schiff (for
fungi and basement membranes), Grocott-Gomori’s methena-
mine silver (for fungi), Gram/Twort (for bacteria), and Mas-
son’s trichrome (for collagen/fibrosis).

Immunohistochemical Analyses

Immunohistochemical (IHC) analyses employed the following
primary antibodies: a monoclonal IgG2B (kappa light chain)
antibody against the nucleoprotein antigen of canine morbilli-
virus (1:200 dilution; CDV-NP MAb, VMRD Inc); a polyclo-
nal antibody to Toxoplasma gondii (1:400 dilution; VMRD Inc)
that was used on formalin-fixed, paraffin-embedded lymph
node and liver in cases 14 and 15; a monoclonal antibody
against cytokeratins (AE1/AE3; 1:2000 dilution; Biocare Med-
ical) for intracytoplasmic keratin; and a polyclonal antibody
against the ionized calcium binding adaptor molecule (Iba) 1
(Fujifilm Wako Pure Chemical Corporation) for histiocytes.
Dual THC was performed in case 2 by means of the Envision
Double Staining System protocol (K-1395, Dako), following
manufacturer’s instructions, and included antibodies to canine
morbillivirus (canine distemper virus, CDV) and AE1/AE3, as
well as to CDV and Iba-1, in order to better define the CeMV-
positive multinucleated cells. Positive controls included lung
and lymph node from GD-CeMV-positive Guiana dolphins and
adrenal gland from a 7. gondii—positive Guiana dolphin. For
negative controls, sequential sections of the positive control
tissues were incubated with nonimmune homologous serum
instead of primary antibody.

Briefly, 4-um-thick sections were deparaffinized and rehy-
drated through a series of graded alcohols. Endogenous peroxidase
was blocked by incubation in 0.9% hydrogen peroxide in methanol
for 30 minutes. Morbilliviral antigen (MA) was retrieved by heat-
ing tissue sections in distilled water in an autoclave for 5 minutes at
118 °C. Toxoplasma gondii antigen was retrieved by heating tissue
sections in citrate buffer (pH 7.0) solution for 7 minutes at 90 °C.
The sections were blocked with 1% normal rabbit serum in
phosphate-buffered saline for 30 minutes, followed by overnight
incubation at 4 °C with the primary antibody or nonimmune homo-
logous serum (negative control). The sections were washed in
phosphate-buffered saline and incubated for 30 minutes with
1:40 biotinylated rabbit anti-mouse secondary antibody (morbilli-
virus assay) and 1:600 rabbit anti-goat secondary antibody (7.
gondii assay; Dako Corp). The label used was an avidin-biotin-
peroxidase complex (Elite ABC kit, Vector laboratories), follow-
ing manufacturer’s instructions. 3-Amino-9-ethyl-carbazole
(AEC, Sigma Chemical Co) was used as chromogen. Slides were
pre-incubated in acetate buffer for 10 minutes and incubated for 1
minute with a filtered solution of AEC (0.05 g AEC was dissolved
in 10 mL N,N-dimethylformamide, 140 mL acetate buffer, and
150 pL hydrogen peroxide at 30%). Sections were rinsed in tap
water, counterstained with Mayer’s hematoxylin, and mounted
with an aqueous medium.

MA distribution analysis included organ/tissue, cell type,
and relative labeling intensity and abundance. The IHC
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intensity was subjectively scored (increasing intensity) as 1, 2,
and 3 while MA abundance was semiquantitatively evaluated
according to the following scoring system: —, none; +, <10%;
++, 10% to 50%; +-+-+, 51% to 100% immunopositive cells in
10 high-power (400x) fields. Negative controls validated the
reaction when no expression of the target antigen was
visualized.

RT-PCR for CeMV

For RT-PCR analysis, total RNA was extracted from selected
frozen organs using Brazol Reagent (LGC Biotecnologia Ltda),
according to the manufacturer’s instructions. Random primers
and M-MLV Reverse Transcriptase Kit (Invitrogen, Life Tech-
nologies) were used to synthesize cDNA. Amplification was
performed using primers targeting highly conserved fragments
of the phosphoprotein gene, as described.’ 31,33 Additionally,
primers targeting the nucleoprotein gene were used in cDNA
from lung samples of cases 9 and 17 to investigate the genome
of GD-CeMV (Forward CDV-F: 5-ACAGRATTGCYGAG-
GACYTRT-3' and Reverse CDV-R: 5-CARRATAACCATG-
TAYGGTGC-3').""*” PCR was performed using OneTaq DNA
Polymerase (New England BioLabs) according to manufactur-
er’s instructions, with an annealling temperature of 59 °C. PCR
products of positive samples were purified by using QIAquick
PCR Purification Kit (Qiagen) and directly sequenced from
both ends by an ABI PRISM 3100 Genetic Analyzer using a
BigDye Terminator v.3.1 cycle sequencing kit (Applied Bio-
systems). Sequences were aligned with known morbillivirus
sequences from GenBank, and the phylogenetic analysis was
performed with MEGA 7.%

PCR for Sarcocystidae Protozoa (Toxoplasma gondii)

Frozen samples were manually homogenized, and DNA was
extracted from 30 mg samples (DNeasy Blood & Tissue Kit,
QIAGEN). Extracted DNA was tested using the nested PCR
assay using primers targeting the DNA spanning the 18S-5.8S
rRNA interspace region common to Sarcocystidae, as
described.** Positive control consisted of DNA from 7. gondii
RH strain. Nuclease-free water instead of DNA template was
used as no template control. Amplicons were electrophoresed
and stained using ethidium bromide. Positive samples with
amplicon size compatible with 7. gondii (approximately 500
bp) were characterized by restriction fragment length poly-
morphism to confirm 7. gondii detection.®*

PCR for Herpesvirus and Poxvirus

Eight fresh-frozen skin lesions from cases 1 (n = 1), 18 (n = 2),
and 22 (n = 5) were tested for herpesvirus and poxvirus by PCR
(Supplemental Table S2). After manual homogenization by
sterile surgical blades, DNA was extracted (NucleoSpin Tissue
extraction kit, Macherey-Nagel) according to manufacturer’s
instructions. Herpesviral detection followed the protocol and
primers described by VanDevanter et al’' for the DNA

polymerase gene and by Ehlers et al*® for the glycoprotein B

gene with slight modifications. Two different conventional
PCR protocols to partially amplify the cetaceanpoxvirus DNA
polymerase gene®>® were employed to detect poxvirus.
Herpesvirus-PCR-positive controls included a commercial
feline vaccine against feline herpesvirus 1 (Nobivac Felinel-
HCPCh, MSD) for the DNA polymerase gene and a skin
sample from a herpesvirus-positive Guiana dolphin for the gly-
coprotein B gene. Cetaceanpoxvirus-PCR-positive “tattoo-like
skin lesions” from a Guiana dolphin and an Atlantic bottlenose
dolphin (Tursiops truncatus; MF458199 and KU726611,
respectively) were used as positive controls for poxvirus.””
Diethylpyrocarbonate-treated water was used as no template
control. Amplicons were electrophoresed and visualized (Syber
Safe, Invitrogen), and positive samples were directly
sequenced by the Sanger method and compared with those
available in public databases using a BLAST search.

PCR for Brucella

Frozen samples were manually homogenized and DNA was
extracted from 30 mg (DNeasy Blood & Tissue Kit, QIAGEN).
Extracted DNA was tested by conventional PCR with primers
targeting a 262 bp fragment of the insertion sequence element
(IS711) of the Brucella genus.® Positive control consisted of
DNA from a B. canis reference strain (RM6/66). Nuclease-free
water instead of DNA template was used as no template con-
trol. Positive samples were directly sequenced by the Sanger
method and compared with those available in public databases
using a BLAST search.

Routine Microbiology

Samples from selected animals (case 1, mediastinal exudate;
case 2, urine; cases 25 and 29, bronchial exudate) were sub-
mitted to an independent laboratory for microbiologic analyses
including culture and surface plating on routine media, for
example, Columbia blood agar, and identification of isolates
via the API system, along with antibiotic sensitivity testing
(disc diffusion assay). Antimicrobial susceptibility testing stan-
dards M2-A9 and M7-A7 by the Clinical and Laboratory Stan-
dards Institute were used.

Results

Age categories were as follows: calf (n = 4), juvenile (n = 17),
and adult (n = 8). Sex distribution was as follows: male (n =
13), female (n = 16). Most dolphins were in poor body condi-
tion or emaciated (n = 19). Regarding preservation status,
dolphins were classified as fresh (» = 7), moderate autolysis
(n=19), or advanced autolysis (n = 3). Clinical signs observed
in free-ranging® and live-stranded dolphins included neurolo-
gic signs (swimming difficulties, circling, ataxia, incoordina-
tion), compromised buoyancy, and respiratory signs
(Supplemental Video S1 from case 29).



848

Veterinary Pathology 57(6)

Table I. Most Prevalent Gross Findings in 29 Guiana Dolphins (Sotalia
guianensis).

Gross finding Af/Ev (%)

Absence of ingesta 23/29 (79)
Systemic H. brasiliensis (verminous pneumonia, 23/29 (79)
polyserositis, vasculitis)
Pulmonary edema 17/29 (59)
Skin disease (eg. TSL, HV, TRDI) 12/29 (41)
Gastrointestinal hemorrhage (petechiae, ecchymoses) 11/29 (38)
Ascites 11/29 (38)
Icterus 10/29 (34)
Hepatic lipidosis 929 (31)
Subcutaneous hemorrhage (mandibular, subscapular) 9/29 (31)
Gastrointestinal parasitism® 7129 (24)
Systemic congestion 6/29 (21)
Hydrothorax 529 (17)
Hemoperitoneum 5129 (17)
Lymphadenomegaly 5129 (17)
Epidural hemorrhage 4/29 (14)
Oropharyngeal, glossal, esophageal, and/or 4/29 (14)
gastrointestinal ulcers
Interstitial nephritis, mineralization 3/29 (10)
Suppurative bronchopneumonia 3/29 (10)
Hemoglobinuria 3/29 (10)
Hemothorax 3/29 (10)
Urinary bladder hemorrhage (petechiae, ecchymoses) 3/29 (10)

Abbreviations: Af, affected animals; Ev, evaluated animals; TSL, “tattoo-skin like

skin lesions”; HV, herpesvirus-like skin lesions; TRDI, thromboembolic

dermatitis, panniculitis, and fasciitis with infarction.

*The vast majority of these animals had Braunina cordiformis glandular and
pyloric serocatarrhal gastritis.

Pathologic Investigations

Detailed gross and microscopic findings are recorded in Sup-
plemental Table S3. The most prevalent gross findings were
(by decreasing order of frequency; Table 1): lack of ingesta
(79%); verminous pneumonia, polyserositis, and proliferative
endarteritis/endophlebitis caused by Halocercus brasiliensis
(79%; Supplemental Figs. S1, S2); pulmonary edema (59%);
skin disease including “tattoo-like skin lesions” (Supplemental
Fig. S3), cutaneous herpesvirus-like lesions (well delineated,
circular to irregular depressed areas, and/or punctate eroded or
ulcerated foci), thromboembolic dermatitis, panniculitis, and
fasciitis with infarction (41%; Supplemental Fig. S4); gastro-
intestinal petechiae and ecchymoses (38%); ascites (38%);
icterus (34%; Supplemental Fig. S5); hepatic lipidosis (31%;
Supplemental Fig. S6); subcutaneous hemorrhage (31%); gas-
trointestinal parasitism, primarily Braunina cordiformis (24%;
Supplemental Fig. S7); systemic congestion (21%); hydro-
thorax (17%); hemoperitoneum (17%); and multicentric lym-
phadenomegaly (17%). Novel gross pathologic findings
included bilateral symmetric pulmonary hemorrhagic necrosis
and emphysema (1/29; 3%); Supplemental Fig. S8), and aortic
valvular dysplasia (1/29; 3%; Supplemental Fig. S9).

A wide array of microscopic lesions was observed, and
lung, lymph nodes, spleen, and liver were the most consis-
tently and severely affected organs (Table 2). All animals

Table 2. Main Microscopic Findings in the Lung, Pulmonary and
Mediastinal Lymph Nodes, and the Liver of 29 Guiana Dolphins (Sotalia
guianensis) Included in This Study.

Microscopic findings Af/Ev (%)

Lung
Verminous pneumonia (Halocercus brasiliensis) 22/27 (81)
Pneumocyte type Il hyperplasia 18/27 (67)
Multinucleate giant cells/syncytia 13/27 (48)
Bacteria 4/27 (15)
Intranuclear and intracytoplasmic inclusion bodies 3/27 (1)
Interstitial + aspiration pneumonia/squames (calf) 327 (1)
Pulmonary mycosis 2/27 (7)
Toxoplasma gondii 1127 (4)
Interstitial pneumonia 1127 (4)
Pulmonary/mediastinal lymph nodes
Lymphoid depletion 20/26 (81)
Eosinophilic lymphadenitis 17126 (76)
Histiocytosis 11726 (52)
Hemosiderosis 9/26 (43)
Multinucleate/syncytia 6/26 (29)
Nematode larvae 4/26 (19)
Fibrosis 3/26 (14)
Lymphocytolysis 2/26 (9)
Toxoplasma gondii 1126 (5)
Other lymph nodes®
Lymphoid depletion 13/15 (87)
Histiocytosis 12/15 (80)
Eosinophilic lymphadenitis 7115 (47)
Hemosiderosis 7/15 (47)
Multinucleate/syncytia 6/15 (40)
Lymphocytolysis 3/15 (20)
Ciliate protozoa 1115 (7)
Bacteria 1715 (7)
Liver
Pericholangitis 8/24 (33)
Cholestasis 8/24 (33)
Vacuolar degeneration 6/24 (25)
Bile duct hyperplasia 524 (21)
Lipidosis 3/24 (12)
Hemosiderosis 324 (12)
Toxoplasma gondii 2/24 (8)
Endarteritis 2/24 (8)
Hepatocellular dissociation 1724 (8)

Abbreviations: Af, affected animals; Ev, evaluated animals.
?Includes prescapular, mesenteric, hepatic, pancreatic, retroperitoneal, lymph
nodes.

had pneumonia, and lesions associated with H. brasiliensis
infection (81%) overlapped CeMV-associated lesions (Fig.
1). CeMV-associated lesions were acute/subacute bronchoin-
terstitial to interstitial pneumonia with type II pneumocyte
hyperplasia (67%), multinucleated cells (48%), and intranuc-
lear and/or intracytoplasmic inclusion bodies (11%). Extra-
pulmonary CeMV-associated findings included lymphoid
depletion in the lymph nodes, spleen, and thymus (87%) with
sinus histiocytosis (80%); focal lymphocytic leptomeningitis
in the cerebrum (2/12; 17%); and occasional systemic multi-
nucleated cells and intranuclear and/or intracytoplasmic
inclusion bodies within epithelial and lymphohistiocytic cells.
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Figures 1-6. Microscopic findings in Guiana dolphins with cetacean morbillivirus infection. Figure I. Lung, case 27. Marked, chronic broncho-
interstitial pneumonia with thickening and hypercellularity of alveolar septa, multinucleated cells (inset), and intrabronchiolar Halocercus
brasiliensis. Hematoxylin and eosin (HE). Figure 2. Heart, case 29. Focally extensive, acute eosinophilic coronary endophlebitis (inset). HE.
Figure 3. Pulmonary artery, case 28. Chronic fibrosing pulmonary endarteritis. HE. Figure 4. Liver, case 25. Multifocal, random acute
necrotizing hepatitis (inset). HE. Figure 5. Skin, case 18. Thromboembolic cutaneous ciliate protozoosis. HE. Inset: Intralesional ciliated
protozoa (asterisks). HE. Figure 6. Lung, case 25. Marked, multifocal, chronic fibrinosuppurative and necrotizing bronchopneumonia with

fungal masses. Inset: Hyphae with invasion of cartilage. HE.

Halocercus brasiliensis—associated lesions included chronic
fibrosing bronchointerstitial pneumonia with remodeling,
bronchial/bronchiolar sclerosis, proliferative (fibro-villous)
pleuritis, and tunica media hyperplasia with stenosis, angio-
matosis, and eosinophilic proliferative pulmonary endarteritis
or endophlebitis. The latter was also noted in the ascending
aorta, coronary arteries, and coronary veins (Fig. 2), as well
as in pulmonary and intrahepatic arteries with distinct early
(Supplemental Fig. S10), subacute (Supplemental Fig. S11),
and chronic stages (Fig. 3). Migrating H. brasiliensis larvae
were associated with nodular to diffuse eosinophilic lympha-
denitis with necrosis (76%) and with nephritis (4%). Addi-
tional findings were poxviral dermatitis (5/29; 17%,; the cases
tested were PCR-negative; Supplemental Fig. S12);
herpesvirus-like skin lesions (5/29; 17%; the cases tested
were PCR-negative); multisystemic toxoplasmosis (3/29;
10%), 2 of which were confirmed by IHC and PCR analyses
(Fig. 4); multisystemic ciliated protozoosis (2/29; 7%; Fig. 5),
one of which was coinfected with bacilli; disseminated
mycosis (2/29; 7%; Fig. 6); and bacterial cutaneous and sys-
temic disease (1/29; 3%). Additional gross and microscopic
findings are summarized in Table 2 and Supplemental
Table S3.

Twenty-seven of 29 (93%) dolphins had detectable morbil-
liviral antigen (MA). The antigen was observed in numerous
tissues and cell types (Table 3). MA was found in epithelial
cells, infiltrating mononuclear inflammatory cells, and intersti-
tial mesenchymal cells, most resembling fibroblasts, through-
out the digestive system involving the tongue, oropharynx,
salivary gland (Fig. 7), esophagus (Fig. 8), stomach (Fig. 9),
small intestine (Fig. 10), and large intestine (Supplemental Fig.
S13). The gut-associated lymphoid tissue was often involved,
as well as neuronal somata of the submucosal and myenteric
plexi of the stomach, small intestine, and large intestine. In the
hepatobiliary system, MA was mostly confined to the bile duct
epithelium (Supplemental Fig. S14), Kupffer cells, and circu-
lating mononuclear cells (mainly monocytes and lymphocytes).
The pancreas had MA in exocrine acinar and ductal epithelium
(Fig. 11), in mononuclear inflammatory cells, and in interstitial
mesenchymal cells.

In the lung, immunolabeling was most intense in hyperplas-
tic type II pneumocytes, alveolar macrophages, and multinu-
cleated cells. There was also widespread intraepithelial MA in
the trachea, bronchi, bronchioles, and alveoli (Supplemental
Fig. S15), as well as in parenchymal mononuclear inflamma-
tory cells or interstitial mesenchymal cells and circulating
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Table 3. Morbilliviral Antigen Distribution Frequency by Organ/Tissue and Cell Type in 29 Guiana Dolphins (Sotalia guianensis).

IHC-positive cases

System Tissue No.? % Cell type
Respiratory system Trachea 4/5 80.0 Mucosal and/or glandular epithelium (4/5); Interstitial
mesenchymal cells (2/5)
Lung 26/29 89.7  Alveolar, bronchiolar, bronchial epithelium (24/29);
Mononuclear inflammatory cells (23/29); Interstitial
mesenchymal cells (20/29); Circulating inflammatory
mononuclear cells (20/29)
Central nervous system Cerebrum 3/12 25.0 Neurons (3/12); Neuroglia (2/12); Circulating inflammatory
mononuclear cells (2/12)
Cerebellum 2/10 20.0 Neuroglia (1/10); Cell processes (granular and molecular
layer) (1/10); Circulating inflammatory mononuclear cells
(1/10)
Spinal cord 3/10 30.0 Neurons (3/10)
Digestive system Oropharynx 2/3 66.7  Epithelium (2/3)
Salivary gland 1/1 100.0  Epithelium (1/1); Mononuclear inflammatory cells (1/1);
Interstitial mesenchymal cells (1/1)
Tongue 2/5 40.0 Epithelium (2/5)
Esophagus 2/3 66.7  Epithelium (1/3); Mononuclear inflammatory cells (2/3);
Interstitial mesenchymal cells (1/3)
Keratinized stomach 3/4 75.0 Epithelium (3/4); Mononuclear inflammatory cells (1/4);
Interstitial mesenchymal cells (1/4)
Glandular stomach 12/13 92.3  Epithelium (8/13); mononuclear inflammatory cells (8/13);
interstitial mesenchymal cells (1/13); nervous plexus (3/
13)
Pyloric stomach 2/3 66.7  Epithelium (1/3); mononuclear inflammatory cells (2/3);
nervous plexus (1/3)
Small intestine 14/19 73.7  Epithelium (9/19); mononuclear inflammatory cells (6/19);
interstitial mesenchymal cells (4/19); nervous plexus (2/
19); gut-associated lymphoid tissue (5/19)
Large intestine 7112 58.3  Epithelium (4/12); Mononuclear inflammatory cells (3/12);
Interstitial mesenchymal cells (2/12); Nervous plexus (5/
12); Gut-associated lymphoid tissue (2/12)
Hepatobiliary system 13/25 52.0 Biliary epithelium of bile ducts (portal triads) (13/25); Kupffer
cells (7/25); Circulating inflammatory mononuclear cells
(2/25)
Pancreas (exocrine) 5/7 71.4  Acinar epithelium (5/7); ductal epithelium (2/7);
mononuclear inflammatory cells (1/7); interstitial
mesenchymal cells (1/7)
Lymphoid system Thymus 1/1 100.0 Cortex (1/1)
Lymph node 21725 84.0 Cortex (19/25); Paracortex (17/25); Medullary cords (6/25);
Sinuses (13/25); Capsular mesenchymal cells (4/25)
Spleen 9/20 45.0  White pulp (7/20); Mononuclear cells in red pulp (3/20)
Heart 524 20.8 Cardiomyocyte (2/24); Mononuclear inflammatory cells (1/
Cardiovascular system 24); interstitial mesenchymal cells (1/24); Purkinje cells (1/
24)
Large vessels 517 29.4  Inflammatory mononuclear cells (3/17); Mesenchymal cells
(3/17)
Medium and small caliber vessels  13/29 44.8 Mesenchymal cells (tunica muscularis) (13/29)
Urinary system Kidney 19/24 79.2  Glomeruli (parietal and visceral epithelium) (6/24); Proximal
convoluted tubules (16/24); Distal convoluted tubules (10/
24); loops of Henle (4/24); Renicular pelvic urothelium
(10/24); Mononuclear inflammatory cells (8/24); Interstitial
mesenchymal cells (3/24)
Urinary bladder 6/11 54.5 Urothelium (5/11); Mononuclear inflammatory cells (1/11);

Interstitial mesenchymal cells (1/11); Nervous plexus

N

(continued)
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Table 3. (continued)

IHC-positive cases

System Tissue No.? % Cell type
Reproductive system Ovary 2/6 33.3  Germinal cells (1/6); Granulosa/teca (1/6); Stroma (2/6)
Oviduct 3/3 100.0  Epithelium (3/3); Mononuclear inflammatory cells (1/3);
Interstitial mesenchymal cells (2/3)
Uterus 3/5 60.0  Superficial and endometrial epithelium (superficial, gland) (1/
5); Mononuclear inflammatory cells (2/5); Interstitial
mesenchymal cells (2/5); Nervous plexus (1/5)
Vulva 172 50.0 Epithelium (1/2); Mononuclear inflammatory cells (1/2);
Interstitial mesenchymal cells (1/2)
Mammary gland 5/5 100.0  Acinar epithelium (5/5); Galactophorous duct (1/5);
Mononuclear inflammatory cells (2/5)
Testicle 1/8 12.5
Epididymis 2/3 66.7  Epithelium (2/3); Spermatid cells (1/3)
Endocrine system Thyroid gland 2/5 40.0 Follicular cells (2/5)
Adrenal gland 6/19 31.6 Glomerulata (4/19); Fasciculata (6/19); Reticulata (4/19);
Mononuclear inflammatory cells (2/19); Interstitial
mesenchymal cells (1/19)
Pancreas (endocrine) 2/7 28.6 Islet cells (2/7)
Integumentary system Epidermis 3/18 16.7  Stratum intermedium (3/18)
Dermis 1718 5.6  Mononuclear inflammatory cells (1/18); Interstitial
mesenchymal cells (1/18)
Ocular system Eye 1/8 12.5
Optic nerve 117 143 Neuroglia (1/7)

?Denominator indicates the number of cases in which the tissue in question was available for study.

mononuclear cells. In case 2, dual IHC revealed most lung
multinucleated cells were AE1/AE3-positive and co-
expressed MA (Fig. 12). Fewer intra-alveolar multinucleated
cells co-expressed Ibal and MA (Fig. 13).

There was abundant MA in lymphocytes and histiocytes
throughout the lymphoid system. Positive mononuclear cells
were detected in the cortex, medulla, and Hassall’s corpuscles
of the thymus; in the cortex, paracortex, medullary cords,
sinuses, and capsular mesenchymal cells of lymph nodes (more
abundant in mediastinal lymph nodes; Supplemental Fig. S16);
and in the white and red pulp of the spleen. In lymph node and
spleen, multinucleated cells co-expressed Ibal and CeMV (Fig.
14). No multinucleated cells co-expressing AE1/AE3 and
CeMV were noted in these tissues.

In the kidney, MA was detected in the parietal and visceral
epithelium of glomeruli, proximal and distal convoluted
tubules (Supplemental Fig. S17), loops of Henle, pelvic
urothelium, and in mononuclear inflammatory cells and inter-
stitial mesenchymal cells (Supplemental Fig. S18). Four dis-
tinct immunolabeling patterns were noted in the renal tubules:
intense and diffuse cytoplasmic, finely granular cytoplasmic,
coarsely granular cytoplasmic, and diffuse cytoplasmic in
intratubular cellular casts. MA was also noted in the urinary
bladder urothelium (Supplemental Fig. S19), mononuclear
inflammatory cells, interstitial mesenchymal cells, and sub-
mucosal plexi. A few cases had MA in cardiomyocytes, inter-
stitial mesenchymal cells, and Purkinje cells (Fig. 15), as well
as mononuclear inflammatory cells and interstitial

mesenchymal cells of large vessels and pericytes/arteriolar
smooth muscle cells of the tunica media in medium and small
caliber vessels, including some aortic and pulmonary vasa
vasorum (Supplemental Fig. S20). A few cases had MA in
the central nervous system (CNS). Cases 1, 20, and 25 had
labeling in neurons, neuroglia, and circulating mononuclear
cells in the cerebrum; neuroglia, circulating mononuclear
cells, and neuron cell processes of the granular and molecular
layers in the cerebellum; and neurons in the spinal cord. MA
was detected in primordial follicles, specifically granulosa/
theca cells, and stromal mesenchymal cells (Supplemental
Fig. S21), as well as in the oviduct/endometrium and vulvar
epithelium, mononuclear inflammatory cells, interstitial
mesenchymal cells, and associated plexi. A few males had
MA in epididymis epithelium (Fig. 16). The mammary gland
had abundant MA in acinar and galactophorous duct epithe-
lium, mononuclear inflammatory cells and interstitial
mesenchymal cells. The thyroid gland, adrenal gland (Fig.
17), and pancreatic islets had MA mostly in epithelial cells,
and to a lesser extent in mononuclear inflammatory cells and
interstitial mesenchymal cells. In the adrenal gland, MA was
observed in foci of necrosis in the zona glomerulosa, zona
fasciculata, and zona reticularis, or diffusely, associated with
necrotizing cortical adrenalitis. Some cases had MA in all
strata of the epidermis and mononuclear inflammatory cells
and interstitial mesenchymal cells in the dermis/blubber (Fig.
18). One dolphin had MA in the optic nerve and cells of the
retina.
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Figures 7-18. Cetacean morbillivirus infection, Guiana dolphins. Immunohistochemistry for morbillivirus using an antibody to canine distemper
virus nucleoprotein. Figure 7. Salivary gland, case 22. There is abundant morbilliviral antigen (MA) in the epithelium. Inset: Strong immuno-
labeling in superficial ductal keratinocytes and macrophages. Figure 8. Esophagus, case 10. Abundant MA in scattered epithelial cells. Figure 9.
Pyloric gastric chamber, case |. Abundant MA in glandular epithelium. Figure 10. Small intestine, case 2. MA in epithelium, infiltrating
inflammatory mononuclear cells, and interstitial mesenchymal cells. Figure |1. Pancreas, case 2. MA in acinar epithelium, islets (inset),
mononuclear inflammatory cells and interstitial mesenchymal cells. Figure 12. Lung, case 2. Co-localization of MA (red) and cytokeratin
AEI/AE3 (brown) in epithelial cells, including a few multinucleated cells (inset). Double IHC including fast red (CDV) and brown (DAB;
cytokeratin AEI/AE3). Figure 13. Lung, case 2. Co-localization of MA (red) and Ibal (brown) in histiocytes, including a few multinucleated
cells (inset). Double IHC including fast red (CDV) and brown (DAB; Ibal). Figure 14. Spleen, case 2. Co-localization of MA (red) and Ibal
(brown) in histiocytes. Double IHC including fast red (CDV) and brown (DAB; Ibal). Figure 15. Heart, case 10. MA in cardiomyocytes. Figure
16. Epididymis, case 22. Abundant MA in epithelium of the epididymis. Figure 17A. Adrenal gland, case 2. Abundant MA in cells of the zona
glomerulosa and zona fasciculata (inset), and to a lesser extent, in the zona reticularis. Figure 18A. Skin, case 10. Abudant MA in the epidermis.
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Molecular Investigations

All 29 dolphins tested PCR positive for CeMV (including one
or more lung, spleen or lymph node, liver, kidney, and brain;
Supplemental Table S2), and sequencing of partial phospho-
protein gene confirmed 99% to 100% identity of the amplicon
to GD-CeMV.?"**> We obtained 2 identical novel partial
sequences of the nucleoprotein gene (GenBank accession num-
ber MT163269) from lung samples of cases 9 and 17. The 289-
bp amplified fragment of the GD-CeMV nucleoprotein gene
revealed 79% to 83% nucleotide identity to CeMV and other
morbillivirus species, while the translated sequence of 93
amino acids was 98% to 100% similar to other CeMV. Phylo-
genetic analysis of the nucleotide sequence further corrobo-
rated that the GD-CeMV strain differed from other
morbilliviruses and represented a distinct lineage (Supplemen-
tal Fig. S22). Toxoplasma gondii was molecularly confirmed in
cases 14 (liver, lung, brain) and 15 (brain; 2/29; 7%). No ceta-
ceanpoxvirus or herpesvirus DNA were detected in the skin
lesions examined. Brucella sp. was detected in the liver in case
17 (1/29; 3%).

Routine Microbiology

Klebsiella pneumoniae was cultured from mediastinal exudate
and bronchial exudate in cases 1 and 29, respectively, and
Escherichia coli and Penicillium sp. from bronchial exudate in
case 25. The E. coli isolate was resistant to sulfamethoxazole-
trimethoprim and cephalexin. There was no growth after 48
hours in urine from case 2 (Supplemental Table S2).

Discussion

Here we report the pathologic, IHC, and molecular findings in
29 Guiana dolphins that succumbed during an UME in Brazil
(2017-2018). These results delineate the pathologic signature
of epizootic GD-CeMV in Guiana dolphins. All these dolphins
had either acute systemic or subacute systemic CeMV-
associated disease presentations based on histopathologic,
[HC, and PCR results.®®

There are no pathognomonic gross lesions in CeMV-
infected cetaceans. The gross lesions are largely nonspecific
and often are the result of secondary infections.”?** Previous
studies reported mainly pulmonary, lymphoid, cerebral, and
upper digestive alterations in DMV-infected striped dolphins
(Stenella coeruleoalba) in the Mediterranean Sea during epi-
zootic events.*>** Most of those pulmonary changes were com-
mon in this cohort of Guiana dolphins; however, preexisting
lung disease caused by H. brasiliensis made interpretation of
the Iung changes more challenging.

Our results indicate that H. brasiliensis is associated with
significant pulmonary morbidity in Guiana dolphins, character-
ized by chronic fibrosing bronchointerstitial pneumonia
with fibro-villous pleuritis. Other lesions attributed to
H. brasiliensis were abdominal serositis, multicentric eosino-
philic lymphadenitis and splenitis, and systemic vasculitis.*?

The severity of these lesions, particularly in the lung, may have
contributed to pulmonary dysfunction and compromised resili-
ence to morbilliviral infection. The host and geographic range
for this nematode is not fully known; however, it affects multiple
cetacean species with variable pathogenicity.**>?

Other extrapulmonary gross findings observed in Guiana
dolphins, such as cavitary effusion, icterus, hepatic lipidosis,
lymphadenomegaly, and gastrointestinal parasitosis, have been
described in epizootic DMV-infected striped dolphins.?**
Exacerbated parasitism may be linked to DMV infection.? Ero-
sions and ulcers throughout the upper digestive system were
relatively common in these dolphins, agreeing with observa-
tions in other delphinids.?*** Similar to previous epizootics in
other geographic locations,?**%! most Guiana dolphins had
poor body condition. We surmise that the suboptimal nutri-
tional status may be a preexisting condition and not necessarily
a consequence of CeMV infection given the acute or subacute
nature of the disease; however, we cannot entirely rule out a
rapidly progressive deterioration linked to energetic demands
in the aquatic environment. Cytokine-associated effects, such
as those involving tumor necrosis factor, could be associated
with wasting even in acute systemic or subacute systemic
cases. Further research to investigate and characterize CeMV
disease-associated cytokine profiles is warranted. Finally, we
found 2 novel gross pathologic findings in this species unre-
lated to CeMV-infection: bilaterally symmetric pulmonary
hemorrhagic necrosis and aortic valvular dysplasia. A cause
for the former was not readily apparent, and the latter was
incidental.

The distribution of MA was investigated in a wide set of
tissues to determine the types of target cells naturally infected
by this GD-CeMV strain and to correlate the presence of MA
with lesions. This virus showed remarkable cellular pleiotrop-
ism, with similarities to some terrestrial morbilliviruses!*-7®
and other CeMV strains,®® but with some differences. This
GD-CeMV strain had a remarkable pneumotropism and lym-
photropism with wide replication in the lower airways and
marked destruction of lymphocytes in all lymphoid organs.
Primary (eg, thymus), secondary (ie, lymph nodes, spleen), and
tertiary (mucosa-associated lymphoid tissue) lymphoid organs
were main targets of GD-CeMV with abundant and widespread
MA distribution within lymphocytes and histiocytes. MA was
detected in epithelia, multinucleated cells, and resident lym-
phoid populations, as well as in circulating mononuclear cells
(blood vessels and lymphatics) in virtually all organs evalu-
ated. Detection of circulating mononuclear cells, largely mono-
cytes/macrophages and lymphocytes, provided evidence for
“leukocyte trafficking” as a major mechanism of morbilliviral
spread within the host. Also, there was frequent MA in mono-
nuclear inflammatory cells, interstitial mesenchymal cells,
endothelia, and pericytes or smooth muscle cells of blood ves-
sels, suggesting that the morbillivirus may need to cross the
vessel wall for viral pleiotropic spread.

In this study, MA was also detected in the heart, within
cardiomyocytes, interstitial mesenchymal cells, and Purkinje
cells. Viral antigen is commonly detected in endothelial cells
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and cardiomyocytes in measles morbillivirus (MeV)* and rin-
derpest morbillivirus (RPV) infections’® but is rare in CDV and
phocine morbillivirus (phocine distemper virus, PDV) infec-
tions despite myocardial necrosis.’’

Acute fatal CeMV infection is associated with severe multi-
focal to diffuse bronchointerstitial to interstitial pneumonia
with type II pneumocyte hyperplasia, generalized lymphoid
depletion, and nonsuppurative encephalitis with multiorgan
syncytial cells and intranuclear and/or intracytoplasmic inclu-
sion bodies in epithelia and syncytial cells,>>>>4%46-:61.63.66 1
subacute systemic disease, animals that survive the acute sys-
temic infection may succumb to opportunistic infections due to
profound immunosuppression. Some of the typical lesions of
acute systemic infection may no longer be present or be largely
obscured by the inflammatory response to the opportunistic
pathogens.?*~%-%

While findings in the respiratory and lymphoid systems were
similar to previous reports of morbillivirus infection in terrestrial
mammals'>7® and other marine mammals,?? 2439:42:46.61
Guiana dolphins in this outbreak largely lacked degenera-
tive, reactive, or inflammatory changes within the CNS,
suggesting low neurovirulence of this strain or in this epi-
demic context. MA detection in CNS (neuronal and neuro-
glial cell elements) was limited to 3 dolphins out of 16
cases with CNS examined. These findings differ from
DMV, PMV, and PWMV infections.®® It is conceivable that
CNS involvement occurs at a later stage of infection, as
described with CDV in dogs, and that these animals suc-
cumbed too early for CNS lesions to be observed.”> Host-
related and pathogen-related determinants, along with
environmental factors, could have influenced GD-CeMV neu-
rotropism in this group of animals. While all morbilliviruses
transiently infect the CNS in their natural hosts, development
of disease may depend on the efficiency of the immune
response, abundance of receptors, and the efficacy of specific
viral replication and perpetuation mechanisms."?

This study also indicates GD-CeMYV targets the peripheral
nervous system, specifically autonomic nerves of the gastro-
intestinal and reproductive systems. A potential role for per-
ipheral nervous system involvement in morbilliviral diseases of
terrestrial mammals has received little attention. Future studies
may be aimed at characterizing the peripheral nervous system
neuronal and neuroglial cell populations in CeMV infection.

To the authors’ knowledge, this study provides the first
documentation of CeMV replication (suggested by nucleopro-
tein detection) in salivary gland, optic nerve, heart, diaphragm,
parietal and visceral epithelium of glomeruli, vulva, and thyr-
oid gland. MA has been detected in thyroid glands of monkeys
and cattle experimentally infected with MeV*® and RPV,’®
respectively. Also, MA has been detected in adrenal gland of
dogs, humans, and cattle infected by CDV, MeV, and RPV,
respectively.'®?%777 In cetaceans, MA in adrenal gland has
been reported in short-finned pilot whales (Globicephala
macrorhynchus) and Black Sea common dolphin (Delphinus
delphis ponticus) infected by PWMYV and DMV, respectively,
although pathologic details were not available.”"*> We

demonstrated MA in areas of adrenocortical cell necrosis, sup-
porting a virus-associated cytopathogenic effect of this GD-
CeMV strain. The clinicopathologic relevance of this lesion
is unclear.

Abundant MA in the epithelium of salivary glands, oral
cavity, glandular stomach, small and large intestines, pancrea-
tic acini, and bile ducts may be found in some terrestrial MVs,
such as, MeV, CDV, RPV, and small ruminant morbillivirus
(peste-des-petits-ruminants virus, PPRV).!73%337¢ we also
detected MA in the skin and along mucocutaneous junctions
with similarities to MeV, CDV, and RPV infections.!»>4%7¢
Transmission of CeMV by direct skin contact remains to be
proven; however, these findings suggest that infected skin
could be a potential source of virus.

These findings suggest possible mechanisms for viral shed-
ding and transmission. While previous reports suggest that the
respiratory system is the major route of transmission in CeMV
infections, our results suggest that the gastrointestinal and urin-
ary systems may have also played important roles in viral shed-
ding during this UME. The large amount and widespread
distribution of MA in these systems, primarily in epithelial
cells, indicate body secretions bearing desquamated epithelial
cells are likely a significant source of infective virus.”® Also,
MA has been detected in reproductive tissue of several ceta-
cean species >33 and a number of domesticated and
wildlife species.*®**%>!"7> Demonstration of viral replication
in reproductive structures, including male and female gonads,
lends support to venereal transmission and potential vertical in
utero and ex utero transmission of GD-CeMV. These routes
likely played a role during this particular UME in Brazil and
should be considered during epidemiologic investigations of
future outbreaks.

Fatal coinfections in this set of Guiana dolphins infected by
GD-CeMV included disseminated toxoplasmosis, systemic
mycosis, systemic ciliated protozoosis, and bacterial disease.
Most of these agents are known to cause significant morbidity
and mortality in CeMV-infected delphinids, particularly in sub-
acute systemic and chronic systemic CeMV infections.®® In this
outbreak, immunosuppression by GD-CeMV and environmen-
tal pollutants (unpublished data, Lailson-Brito) could have pre-
disposed to the secondary infections. Toxoplasmosis is a
common coinfecting pathogen in dolphins with CeMV infec-
tion, and to a lesser extent, in whales,!8:22:23:39.46.61 1y ceta-
ceans from Brazil, T. gondii has been described in 3 Guiana
dolphins, an Atlantic bottlenose dolphin, a captive killer whale
(Orcinus orca), and a Bryde’s whale (Balaenoptera
edeni).*'*'%? Seropositivity has been detected in free-living
Amazon river dolphins (Inia geoffirensis).”® Freshwater run-
offs with cat feces or soil contaminated with oocysts from
coastal terrestrial areas are possible sources of 7. gondii in the
marine environment. Our findings with 3 (10%) Guiana dol-
phins infected by T. gondii widen the geographic range of 7.
gondii occurrence in this species and call attention to biological
pollution in Ilha Grande and Sepetiba Bays.

Concurrent mycosis is also common in dolphins infected by
CeMV. %223 Histomorphological characteristics of fungal



Groch et al

855

elements in this study were most compatible with mucormy-
cosis. Cutaneous ciliated protozoosis was a common comorbid-
ity in bottlenose dolphins during the 1987-1988 US Atlantic
coast epizootic.®' Cutaneous, fascial, muscular, and lymph
node ciliated protozoosis were observed in 2 cases. Although
they were likely opportunistic pathogens of ulcerated lesions,®!
these ciliates were associated with severe multisystemic throm-
boembolic disease with major cutaneous injury. Additionally,
we detected a dolphin coinfected with Brucella sp., expanding
the geographic range for this pathogen in South American
marine mammals.>*®>” Additional confirmed bacterial coin-
fections were Klebsiella pneumoniae in mediastinal exudate
and bronchial exudate of cases 1 and 29, respectively, and E.
coli in bronchial exudate of case 25. The E. coli isolate was
resistant to sulfamethoxazole-trimethoprim combination and
cephalexin. Resistance of E. coli strains to these antibiotics has
been documented in free-ranging and captive dolphins.*”-%°
Penicillium sp. likely represented an environmental contami-
nant rather than a pathogen in the latter case.

Cutaneous poxvirosis and herpesvirosis may be associated
with poor environmental conditions and weakened immunity.®’
We found classic “tattoo-like skin lesions™ attributed to ceta-
ceanpoxvirus and skin lesions, primarily “punctate ulcerated
lesions,” that have been linked to cetacean herpesvirus.’*>’
Cutaneous poxvirosis was suspected grossly and/or microsco-
pically in 5 dolphins; however, molecular confirmation was not
achieved in the 3 tested by PCR. Cetaceanpoxvirus has been
reported in a wide spectrum of hosts, and in Brazil, molecularly
confirmed cases are limited to bottlenose dolphins and Guiana
dolphins.>> Herpesvirus has been previously described in 2
Guiana dolphins,**®? but infection was not confirmed in the
3 cases tested in this study. The significance of these potential
viral coinfections with CeMV is unknown.

Potential cyclicity of GD-CeMV epizootics is of concern for
South American cetacean biodiversity and conservation efforts.
When naive populations are exposed to CeMV by an enzooti-
cally infected species, epizootics with high mortality have
ensued.”?*>¢! High susceptibility and mortality as well as sim-
ilar pathologic features and transmission mechanisms have
been described in various free-ranging terrestrial species for
RPV and CDV.”* A long-term, large-scale study found mole-
cular and IHC evidence of small epidemics (affecting less than
5 dolphins) and single cases of endemic GD-CeMV disease in
Brazil as far back as 1996 (unpublished data, Groch). The
epidemiology and viral dynamics of this recent UME continue
to be investigated.

Current knowledge of the GD-CeMV genome is limited to
small fragments of the phosphoprotein and large protein genes.
Here we reported a novel partial sequence of the nucleoprotein
gene. A nucleotide identity of 79% to 83% to other CeMV further
corroborates that this is a novel CeMV lineage. However, the
nucleoprotein gene partial sequence has shown a higher protein
homology (98% aa identity) to other CeMV when compared to
the phosphoprotein gene (69% to 72%) and large protein gene
(85% to 89%).** The differences in identity of nucleotides and
amino acids can be explained by differences in DNA sequences

that code for similar proteins. The higher similarity between pro-
teins suggests higher homology of GD-CeMV and other CeMV.
Due to protein conservation, this region may be suitable for inves-
tigation of remote evolutionary relationships.

In summary, we reported comprehensive pathologic, IHC,
and molecular results concerning GD-CeMV infection in 29
Guiana dolphins that succumbed during an UME in Brazil
(2017-2018). CeMV-associated lesions were observed in all
PCR and/or IHC-confirmed animals; however, they were vari-
ably overlapped by concurrent disease processes. GD-CeMV
demonstrated remarkable pneumotropism and lymphotropism
with little neurotropism. Preexisting Halocercus brasiliensis
pneumonia likely predisposed to and aggravated morbidity of
morbilliviral pneumonia. Additional relevant comorbidities
included disseminated toxoplasmosis, multisystemic mycosis,
multisystemic ciliated protozoosis, and bacterial disease,
including one case with Brucella sp. Our results delineate the
pathologic findings in GD-CeMV in Guiana dolphins, contrib-
ute to the body of knowledge on cetacean pathology, and may
prove of value to first responders, clinicians, rehabilitators, and
diagnosticians working in the cetacean health field.
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