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ABSTRACT: Pinniped tuberculosis, commonly caused by Mycobacterium pinnipedii, is a zoonotic
disease reported in free-living and captive otariid species of the southern hemisphere. Currently,
data concerning pinniped tuberculosis in South America are scarce, reinforcing the need for fur-
ther studies of the disease in free-ranging pinnipeds. In this study, we investigated the presence
of tuberculosis in South American sea lions Otaria flavescens (SASLs) stranded along the Chubut
coastline (Argentina). Necropsies were performed in 9 SASLs, and tissue samples were collected
for histopathology, bacteriology, and molecular diagnosis. Four SASLs showed enlarged tracheo-
bronchial lymph nodes (TBLNs) with multifocal to coalescing granulomas. In these animals, a
direct IS6110-PCR amplification confirmed the presence of a Mycobacterium tuberculosis com-
plex member in TBLNs (n = 4) and lungs (n = 2), but the agent could not be further identified. In
one SASL, Mycobacterium murale was isolated from lungs without lesions. This study confirms
the presence of tuberculosis in SASLs from Chubut, where tourist activities promote close interac-
tion with the animals, generating a potential risk to human health. Further research is currently
focusing on addressing the prevalence of tuberculosis in wild SASLs, to assess the risk for public

health and develop management strategies to avoid human infection.
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1. INTRODUCTION

Tuberculosis in pinnipeds is typically caused by a
member of the Mycobacterium tuberculosis complex
(MTBC) named Mycobacterium pinnipedii (Cousins
et al. 2003). Tuberculosis due to M. pinnipedii has
been reported in otariid species of the southern hemi-
sphere, both in the wild and in captivity (Cousins et
al. 2003, Arbiza et al. 2012, Jurczynski et al. 2012,
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Martins Melo et al. 2019, Roe et al. 2019), and also in
a variety of other mammalian species (Cousins et al.
2003, Jurczynski et al. 2011, Kriz et al. 2011, Loeffler
et al. 2014, Roe et al. 2019). Mycobacterium pinni-
pediiinfection has also been detected in humans who
were in direct contact with infected pinnipeds or
were exposed to an environment contaminated with
the bacteria (Kiers et al. 2008), highlighting the im-
portance of this disease as a public health concern.
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In wild pinnipeds, a presumptive diagnosis of tu-
berculosis can be made during necropsies, based on
the presence of caseous lesions or granulomasin the
lungs and thoracic organs, liver, spleen, peritoneum,
and lymph nodes. Histologically, granulomatous le-
sions are typical, with a central area of caseous necro-
sis, a variable degree of mineralization, and acid-fast
bacilli (AFB) within macrophages or extracellularly
in the caseous core (Roe et al. 2019). Culture is the
gold standard for etiological diagnosis, but it may
take up to 8 wk to grow, or yield false negative
results if the bacteria are dead (Proano-Pérez et al.
2011). PCR is a useful tool to identify mycobacteria
from cultures, fresh tissues, and formalin-fixed paraf-
fin-embedded samples (Roe et al. 2019). Specific
primers that target the insertion sequence 6110
(IS6110) element were successfully applied to detect
members of the MTBC in pinnipeds (Zumadarraga et
al. 1999, Cousins et al. 2003), and recently a PCR
assay for the region of difference 2 (RD2) was used to
identify M. pinnipedii in samples with moderate to
large numbers of AFB (Roe et al. 2019). Molecular
typing (e.g. spoligotyping) confirms that M. pinni-
pedii belongs to a unique genotypic group within the
MTBC (Cousins et al. 2003).

The first case of tuberculosis in a wild South Ameri-
can sea lion Otaria flavescens (SASL) was described
by Bernardelli et al. (1996) in a stranded animal from
the northern coast of Argentina. Since then, tubercu-

losis due to M. pinnipedii was reported as the cause of
death in 4 SASLs stranded in Uruguay and Brazil (Ar-
biza et al. 2012, de Amorim et al. 2014, Martins Melo
et al. 2019). The prevalence and epidemiology of tu-
berculosis in SASL populations from South America
warrant further investigation in order to assess the im-
pact both for SASL populations and for human health,
due to the zoonotic potential of the disease.

The SASL has a wide distribution along the At-
lantic coasts of South America, but the north and
central Patagonian coast holds approximately 72 % of
the species abundance within the Atlantic Ocean,
with more than 40 colonies and 175000 individuals
(Romero et al. 2017). In Chubut, SASLs are appealing
targets for ecotourism, and diving/snorkeling with
SASLs is a growing tourist activity that promotes
close contact with the animals, posing a potential risk
to human health. In this study, we investigated the
presence of tuberculosis in stranded SASLs from
Chubut Province.

2. MATERIALS AND METHODS
2.1. Samples
From 2013 to 2018, 9 dead-stranded SASLs were

examined (Table 1) as part of a marine mammal
health surveillance project. Carcasses were in good

Table 1. Case details and summary of results in stranded South American sea lions. F/A: female adult; M/A: male adult; F/S: fe-
male subadult; M/S: male subadult; F/J: female juvenile; M/J: male juvenile. HP: histopathological; TBLN: tracheobronchial
lymph node; Neg: negative; Pos: positive; CGL: chronic granulomatous lymphadenitis; AFB: acid-fast bacilli; np: not performed

CaseID  Sex/age Body Organ Gross HP lesions AFB/ Culture DirectIS6110
class condition lesions smear PCR
NEC15 F/A Good Lung Absent Absent np np Neg
TBLN Enlarged granulomas CGL np np Pos
NEC16 F/S Poor Lung Absent Absent Neg Neg Neg
TBLN Absent Absent Neg Neg Neg
NEC22 M/A Poor Lung Absent Absent Pos Pos Neg
TBLN Enlarged granulomas CGL Pos Neg Pos
NEC28 F/S Good Lung Absent Absent Neg Neg Neg
TBLN Absent Absent Neg Neg Neg
NEC29 F/J Poor Lung Absent Absent Neg Neg Neg
TBLN Absent Absent Neg Neg Neg
NEC 30 F/J Poor Lung Absent Absent Pos Neg Pos
TBLN Enlarged granulomas CGL Pos Neg Pos
NEC31 M/S Good Lung Absent Absent Pos Neg Pos
TBLN Enlarged granulomas CGL Pos Neg Pos
NEC68 M/J Poor Lung Absent Absent Neg Neg Neg
TBLN Absent Absent Neg Neg Neg
NEC69 M/J Poor Lung Absent Absent Neg Neg Neg
TBLN Absent Absent Neg Neg Neg
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preservation status (carcass condition code 2 or 3)
and necropsies were performed following standard-
ized protocols (Geraci & Lounsbury 2005). Most car-
casses were necropsied within 48 h of stranding,
except NEC16, which was kept frozen at —20°C for
11 d until necropsy was performed, and NEC29 and
NEC30, which were kept frozen for several months
(stranding date unknown). During necropsies, most
organs were sampled to determine the cause of
death and for other ongoing research. Special atten-
tion was given to explore gross pathological signs of
tuberculosis (granulomatous lesions) in the thoracic
and abdominal organs. Samples with and without
macroscopic lesions were collected and then fixed in
10 % neutral buffered formalin, while unfixed sam-
ples were stored at —20°C. For NEC15, only fixed
samples were taken.

2.2. Histological examination

Fixed tissues were routinely processed for histol-
ogy, sectioned at 5 pm, and stained with hematoxylin
and eosin and Ziehl-Neelsen (ZN) stain (Biopack®).
Samples of calcified granulomas were demineralized
with aqueous nitric acid 5% for 24 h after fixation to
perform histopathological examination. Images were
captured using a Leica DM2500 LED® microscope
with coupled camera (Leica model DCC-310X®),
and an image capture system supported by Leica
LASZ software.

2.3. Bacteriology

Smears from frozen tissues were stained according
to the ZN method (Biopack®) for direct observation
of AFB. For culture, tissue samples were macerated
and decontaminated using Petroff's method with
sodium hydroxide (NaOH), cultured into Stonebrink
and Lowenstein-Jensen medium and then incubated
for 8 to 10 wk at 37°C (Proano-Pérez et al. 2011). The
ZN stain (Biopack®) was used to evaluate the pres-
ence of AFB in positive cultures.

2.4. Molecular diagnostics

DNA from ZN-positive cultures was obtained by
thermal lysis and stored at —20°C. Total DNA extrac-
tion was performed in frozen lungs and thoracic
lymph nodes (with and without granulomatous
lesions) using the PureLink™ Genomic DNA Mini Kit

(Invitrogen) according to the manufacturer's proto-
col. For NEC15 (only formalin-fixed samples), 5 pm
thick sections from the paraffin block were dewaxed,
rehydrated, and treated with Proteinase K in lysis
buffer for DNA extraction. The DNA obtained was
stored at —20°C until PCR assay.

A rapid PCR amplification for the IS6110 fragment
was performed using the primers INS1 (CGT GAG
GGC ATC GAG GTG GC) and INS2 (GCG TAG
GCG TCG GTG ACA AA) (Hermans et al. 1991) and
the Touch-Down cycling program published by Zu-
marraga et al. (2005), using the DNA extracted from
tissues and colony lysates. Distilled water and DNA
from M. bovis ANS strain were used as negative and
positive controls, respectively. Colonies that were
positive for IS6110-PCR were subsequently sub-
jected to spoligotyping (Mapmygenome) for species
differentiation (Kamerbeek et al. 1997). In AFB-posi-
tive isolates that were negative to IS6110-PCR, am-
plification of the 16S rRNA ribosomal gene fragment
was performed (Kirschner et al. 1993). The PCR pro-
ducts were purified using the Mlustra DNA and Gel
Band Purification Kit (GE Healthcare) and se-
quenced. The obtained sequences were compared
with those available in the National Center for Bio-
technology Information (NCBI) database using the
Basic Local Alignment Search Tool (BLAST) (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) and the Ribosomal
Database Project (https://rdp.cme.msu.edu/seqmatch)
to identify mycobacterial species.

3. RESULTS
3.1. Gross and histological findings

Grossly, NEC15, NEC22, NEC30, and NEC31 each
showed an enlarged firm tracheobronchial lymph
node (TBLN), with multifocal whitish caseous granu-
lomas and central mineralization (Fig. 1). Granulo-
mas were absent in the lungs, pleura, abdominal
organs, and other lymph nodes. Histopathological
examination of TBLNs revealed multifocal to coa-
lescing granulomas with central caseous necrosis
surrounded by fibrous tissue and variable amounts of
lymphocytes, plasma cells, and macrophages. Miner-
alization was frequent, and numerous multinucle-
ated giant cells were observed at the medulla. Multi-
nucleated giant cells and macrophages showed a
moderate amount of pale brown pigment inside the
cytoplasm (Fig. 2). No AFB were observed. Gross and
histopathological examination did not reveal granu-
lomatous lesions or AFB in the other 5 SASLs.
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Fig. 1. Gross pathology. (A) Enlarged tracheobronchial lymph nodes (TBLN) with
multiple granulomas (arrowheads), NEC15. (B) Numerous granulomas (arrow-
heads) in the parenchyma, TBLN, NEC31. Scale bars = 1 cm

3.2. Bacteriology

Impression smears from NEC22, NEC30, and
NEC31 (Table 1) showed few to moderate numbers
of AFB with ZN staining (Fig. 2F), while the other
samples were negative. Culture remained negative
in almost all samples after 10 wk, whereas 1 colony
was isolated in lung samples from NEC22.

3.3. Molecular analysis

The IS6110 PCR from tissues was
positive in TBLNs from NEC15 and
NEC22, and in TBLN and lungs
from NEC30 and NEC31 (see the
Appendix, Fig. Al). The IS6110PCR
yielded negative results in the re-
maining tissue samples. The DNA
extracted directly from tissues was
poor in quality and quantity for the
spoligotyping assay, so it was not
possible to identify the species
within the MTBC. The mycobacte-
ria isolated from the lung sample of
NEC22 was negative for IS6110
PCR, but was identified as Myco-
bacterium murale by sequencing a
fragment of the 16S rRNA ribo-
somal gene, which showed 100 %
coverage and 99% identity when
compared to known M. murale
sequences in the NCBI database
(please contact authors for acces-
sion numbers).

4. DISCUSSION

This study confirms the presence
of tuberculosis due to a member of
the MTBC in 4 SASLs in the Chu-
but Province, providing the first
report of the disease in wild SASLs
of the Patagonian region. The gross
and histological lesions found in
TBLNs were similar to those de-
scribed previously in pinnipeds,
with typical granulomas showing
central caseous necrosis, variable
amounts of fibrosis, mineralization,
and multinucleated giant cells (Jur-
czynski et al. 2012, Roe et al. 2019).
Tuberculosis lesions were found
only in thoracic lymph nodes, rein-
forcing the hypothesis that inhalation is the main
pathway of infection in pinnipeds (Roe et al. 2019).
While none of the SASLs in this study had pulmonary
lesions consistent with active tuberculosis, AFB were
present in impression smears of lung tissue, and PCR
confirmed the presence of an MTBC organism in the
lungs, indicating the potential for transmission via
their respiratory secretions. The disease transmission
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Fig. 2. (A-E) Histopathological lesions in tracheobronchial lymph nodes (TBLNs). Hematoxylin and eosin. (A) Multifocal to co-

alescing granulomas (asterisks), NEC31. Demineralized sample, 2.5x magnification; scale bar = 1 mm. (B) Large granuloma

with central areas of caseous necrosis (asterisk) NEC15. 10x; scale bar = 200 pm. (C) Small granuloma with central mineraliza-

tion, NEC22. 20x; scale bar = 100 pm. (D) Fibrous tissue (asterisk) and infiltrate with lymphocytes, plasma cells, and macro-

phages, NEC31. 40x; scale bar = 50 pm. (E) Multinucleated giant cells, NEC22. 40x; scale bar = 50 pm. (F) Acid-fast-bacilli,
impression smear of TBLN, NEC31. Ziehl-Neelsen stain. 100x; scale bar = 20 pm
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in wild pinnipeds could be favored by close contact
during the congregation, and may occur during
coughing, sneezing, or naso-nasal contact (Arbiza et
al. 2012).

Tuberculosis appears to be an endemic disease
and a common cause of mortality in some pinniped
populations (Arbiza et al. 2012, Roe et al. 2019).
However, the cause of death in the 4 positive SASLs
was not related to tuberculosis, as granulomatous
lesions were found solely in TBLNs. In positive
SASLs, the causes of death were attributed to acute
trauma (NEC15) and septicemia (NEC31), while in
2 SASLs the cause remains unknown. Further stud-
ies are required to investigate the actual impact of
tuberculosis on wild SASL health.

Mycobacterial culture remains the diagnostic gold
standard test, being also necessary for subsequent
genotyping. We were not able to isolate the MTBC
member, possibly due to the disease stage and/or the
number and viability of bacilli in the samples, consid-
ering the time lag between sample collection and
culture (Proano-Pérez et al. 2011). Nevertheless, the
presence of an MTBC member was confirmed in 4
SASLs by direct IS6110 PCR. The PCR was positive
in TBLN samples with granulomas as well as in lung
samples from 2 SASLs (NEC30 and NEC31) without
macroscopic or microscopic lesions. Similar findings
were reported previously by Arbiza et al. (2012), who
isolated M. pinnipedii from pinnipeds without gross
lesions. While a presumptive diagnosis of tuberculo-
sis in SASLs is made on the basis of finding charac-
teristic macroscopic lesions (Jurczynski et al. 2012),
our results reinforce the importance of testing sam-
ples without gross lesions for pinniped tuberculosis
diagnosis.

The non-tuberculous mycobacteria (NTM) Myco-
bacterium murale was isolated in a lung sample from
NEC22, suggesting a case of coinfection. Some NTM
have been reported to cause infection in marine
mammals (Clayton et al. 2012) and lung diseases in
humans (Porvaznik et al. 2017), so future work
should investigate the role of M. murale as a poten-
tial pathogenic agent for SASLs.

The prevalence and epidemiology of tuberculosis
in Patagonian SASL populations require further
investigation, but assessing the actual prevalence of
tuberculosis in free-living pinnipeds could be diffi-
cult. In dead pinnipeds, the prevalence of tuberculo-
sis could be underestimated because small lesions
may be limited to a single deep lymph node and/or
some animals could be positive without gross lesions
(Arbiza et al. 2012). Thus, it is important to reinforce
the use of standard postmortem protocols to perform

a systematic collection of lungs and lymph node sam-
ples (with and without gross lesions), to improve the
reliability of the results. Antemortem diagnosis was
performed in captive SASLs using a combination of
different tests in order to achieve the highest sensi-
tivity (Jurczynski et al. 2012). Because most tests are
not validated for use in wild animals, and the use of
multiple diagnostic tests is impractical for wild pin-
niped populations, efforts should be directed to
validate a fast and efficient antemortem diagnostic
method (e.g. a specific serological test) for tuberculo-
sis detection in wild pinnipeds.

Pinniped tuberculosis represents a serious con-
cern for human health, mostly for people who work
in close contact with these animals (Kiers et al. 2008).
Appropriate biosafety practices must be implemented
to prevent mycobacterial infection when live pinni-
peds are manipulated, and also during postmortem
examination. Touristic activities that promote close
contact with wild pinnipeds should be included
within groups of risk. In Chubut, diving/snorkeling
with SASLs is a growing touristic attraction. Between
8000 and 10000 people visit the SASL colony of
Punta Loma Natural Reserve each year (Ministerio
de Turismo y Areas Protegidas del Chubut, period:
2014-2018). The SASL tourism industry is regulated
by national and state laws, based on the impact of
SASL-human interactions. These laws were estab-
lished to protect the SASLs from human impacts
and prevent injuries to people (e.g. SASL bites)
(Dans et al. 2017). Although direct contact with ani-
mals is not allowed, close interactions between peo-
ple and SASLs are frequent (e.g. face to face
approach, kisses). Given the confirmation of tuber-
culosis by a MTBC member in SASLs in the Chubut
Province, the risk of tuberculosis and other zoonotic
disease transmission must be considered in future
regulations.
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Fig. Al. Agarose gel electrophoresis of PCR-IS6110 products.
DNA fragments of 245 bp for NEC15, NEC22, NEC30, and
NEC31. NC: negative control (distilled water); PC: positive con-
trol (M. bovis ANS5); M100: 100 bp DNA Ladder, Promega

Editorial responsibility: Stephen Raverty, Submitted: October 22, 2019; Accepted: July 29, 2020
Abbotsford, British Columbia, Canada Proofs received from author(s): November 4, 2020





