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1.  INTRODUCTION 

Leptospirosis and brucellosis are important zoo -
notic diseases with a global distribution. Leptospiro-
sis is considered the most widespread and prevalent 
zoonotic disease in the world (WHO 1999, Naing et 
al. 2019). It represents a re-emerging public health 

problem, with increasing incidence rates and multi-
ple outbreaks reported on all continents (Hartskeerl 
et al. 2011, Brito Monteiro et al. 2021). Leptospirosis is 
caused by Gram-negative, aerobic spirochetes of the 
genus Leptospira, which includes several pathogenic 
and saprophytic species. The species are further 
classified into serogroups that can include several 

© Inter-Research 2022 · www.int-res.com*Corresponding author: thaiscarneiro_25@hotmail.com

Survey for Leptospira and Brucella in 
Amazonian manatees, Amazon river dolphins, 

and a tucuxi in the Brazilian Amazon 

Thaís Carneiro Santos Rodrigues1,2,*, André Luiz Quagliatto Santos1,  
Eliana Scarcelli Pinheiro3, Rosa Maria Piatti3, Vanessa Castro3,  

Ana Beatriz Garcez Buiatte1, Anna  Monteiro Correia Lima1, Miriam Marmontel2 

1Federal University of Uberlândia (UFU), Uberlândia, MG 38400-902, Brazil 
2Mamirauá Sustainable Development Institute (IDSM), Tefé, AM 69553-225, Brazil 

3Biological Institute of São Paulo (IB), São Paulo, SP 125204014-900, Brazil

ABSTRACT: Leptospirosis and brucellosis are zoonotic diseases with global distributions that rep-
resent severe hazards to humans and animals. We investigated exposure to Leptospira spp. and 
Brucella spp. in samples from Amazonian manatees Trichechus inunguis, Amazon river dolphins 
Inia geoffrensis, and a tucuxi Sotalia fluviatilis. The animals were free-ranging or undergoing 
in situ rehabilitation in the mid-Solimões River region, Brazilian Amazon. Serum samples from 
19 Amazonian manatees were tested by microscopic agglutination test, Rose Bengal test, and 
2-mercaptoethanol Brucella agglutination test. Antibodies against Leptospira spp. were detected 
in 63% of the manatees tested and serovar Patoc was considered the infecting serovar in all posi-
tive samples. Titers were generally low, indicating chronic exposure, but higher titers indicative 
of an active infection were detected in 3 animals. Anti-Brucella spp. antibodies were not detected. 
Tissue and/or body fluid samples from 12 Amazon river dolphins, a tucuxi, and 2 Amazonian man-
atees were investigated by multiplex PCR and bacteriology for Leptospira spp. and Brucella spp. 
All samples were negative. However, Enterococcus faecalis was isolated from uterine fluid, lymph 
node, and lung of 3 Amazon river dolphins. Bacillus spp. were isolated from milk and synovial 
fluid from 2 Amazon river dolphins and from a milk sample from 1 Amazonian manatee. Know -
ledge of the pathogens present in Amazonian manatees, Amazon river dolphins, and tucuxis is of 
great relevance to species conservation and environmental health. Although no clinical signs 
were noted, further research is needed to elucidate the clinical relevance of infection by Lepto -
spira sp. serovar Patoc in Amazonian aquatic mammals.  
 
KEY WORDS:  Zoonosis · Cetacean · Sirenia · Serovar Patoc · Serology · Trichechus inunguis · 
Inia geoffrensis · Sotalia fluviatilis 

Resale or republication not permitted without written consent of the publisher

https://crossmark.crossref.org/dialog/?doi=10.3354/dao03667&amp;domain=pdf&amp;date_stamp=2022-07-07


Dis Aquat Org 150: 17–29, 2022

genetic varieties, called serovars (Adler & Mocte -
zuma 2010). Most mammalian species are natural 
carriers of Leptospira spp., and the risk of acquiring 
leptospirosis is associated with contact with animals 
(Bharti et al. 2003, WHO 2003). Leptospirosis repre-
sents a public health problem in both urban and rural 
areas of Brazil (Galan et al. 2021). 

Brucellosis is a communicable zoonosis of public 
health significance that presents a severe hazard 
to humans and domestic animals (Suluku et al. 2019). 
It is caused by Gram-negative, facultative anaerobic, 
intra cellular bacteria of the genus Brucella. In domes-
tic animals, Brucella spp. infection may cause abor-
tion and other reproductive issues resulting in huge 
economic losses. Human infection is frequently asso-
ciated to direct or indirect contact with infected ani-
mals or their products (Corbel 2006). Very few coun-
tries in the world are officially considered free of 
brucellosis, and the disease is endemic and widely 
prevalent in many developing countries (Corbel 
2006, Rubach et al. 2013, Machavarapu et al. 2019). 
In India, the disease is estimated to cause economic 
losses up to 3.4 billion US dollars per year (Singh et 
al. 2015). Bovine brucellosis is endemic in Brazil and 
represents a  serious public health problem (Ribeiro 
et al. 2020). Human brucellosis outbreaks have been 
described in the country, and the number of cases 
has increased in southern Brazil since 2014 (Lemos et 
al. 2018). 

The Amazon is the largest rainforest in the world 
and in past decades, the human population has ex -
ponentially increased in this region, enhancing envi-
ronmental degradation and contact between humans, 
wildlife, and domestic animals. High prevalence of 
lepto spirosis has been reported for humans, domestic 
animals, and wildlife in the Amazon (Carvalho et al. 
2000, Homem et al. 2001, Jori et al. 2009, Jesus et al. 
2012, Paz et al. 2015, Chiebao et al. 2015, de Albu-
querque et al. 2017, Peixoto Ribeiro et al. 2018). Ex -
posure to Brucella spp. has also been reported for 
humans and animals in the Amazon using serology 
(Mayor et al. 2006, Aguiar et al. 2007). It was pro -
posed that the incidence of these diseases in the 
region could be due to social and natural conditions. 
Such conditions include temperature and humidity 
favoring the survival and spread of the bacteria in 
the environment; close contact between urban, rural, 
and wild areas, which increases the livestock/wildlife 
interface and potential for pathogen transmission; 
scattered veterinary services in remote areas; and 
lack of basic sanitation and infectious disease pre-
vention measures (Donaires et al. 2012, Chiebao et 
al. 2015). 

Despite the diversity and abundance of the Ama-
zonian wild fauna, little is known about the role of 
wild species in the epidemiology of leptospirosis and 
brucellosis, and the impacts of these diseases on 
Amazonian wildlife health. PCR and bacterial cul-
ture of urine samples revealed that capybaras Hydro-
choerus hydrochaeris in the western Brazilian Ama-
zon were massively infected with Leptospira spp. 
and may act as reservoirs for the spirochetes in the 
environment (de Albuquerque et al. 2017). A sero-
logical investigation showed that 5% of collared pec-
caries Tayassu tajacu sampled in the eastern Ama-
zon had antibodies against Brucella spp. and 10% 
had antibodies against Leptospira spp. (Mayor et al. 
2006). A high seroprevalence of Leptospira spp. anti-
bodies was also reported in captive collared pecca-
ries in the Peruvian Amazon. Such herds may play a 
role in the maintenance and amplification of the 
pathogen in the environment (Jori et al. 2009). 

Aquatic mammals can act as sentinels of environ-
mental health by indicating the presence of patho-
gens in the environment over space and time 
(Bossart 2007). Although leptospirosis and brucel-
losis have been described in many marine mammal 
species (Zuerner et al. 2009, Guzmán-Verri et al. 
2012, Sulzner et al. 2012, Aragón-Martínez et al. 
2014, Sánchez-Sarmiento et al. 2019), few studies 
have been conducted on these infectious diseases in 
Amazonian aquatic mammals (Mathews et al. 2012, 
Delgado et al. 2015, Sánchez-Sarmiento et al. 2018). 
The aim of this study was to evaluate the exposure 
to Leptospira spp. and Brucella spp. in Amazonian 
manatees Trichechus inunguis, Amazon river dol-
phins Inia geoffrensis, and tucuxis Sotalia fluviatilis 
using serological, molecular, and culture-based diag-
nostic techniques. 

2.  MATERIALS AND METHODS 

2.1.  Samples and study area 

This study was conducted in areas of the Amanã 
Sustainable Development Reserve (ASDR) and Mami -
rauá Sustainable Development Reserve (MSDR) and 
Lake Tefé, Amazonas state, Brazil, located in the mid-
Solimões River region, between the Negro, Japurá, 
and Solimões River basins (Fig. 1). The study area 
is in cluded in the Amazonian várzea ecosystem, an 
annually inundated seasonal floodplain forest located 
in the Amazon biome. Both riverine dolphin species 
occur extensively throughout the studied area, and 
Amazonian manatees are known to migrate season-
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ally between the ASDR and MSDR (Arraut et al. 
2010). The community-based Amazonian Manatee 
Rehabilitation Center (Centrinho), maintained by the 
Mamirauá Sustainable Development Institute (IDSM), 
is located at Lake Amanã, within the ASDR, an area 
historically known to concentrate Amazonian mana-
tees. The Centrinho rescues, rehabilitates, and re-
leases orphaned Amazonian manatees within the 
ASDR and MSDR. During rehabilitation, the animals 
in this study were kept in a wooden floating pen 
within Lake Amanã, with water flow-through from 
the lake, and were fed with replacement formula and 
vegetation collected locally. 

A total of 50 serum samples were collected from 
19 Amazonian manatees for detection of antibodies 
against Leptospira spp. and Brucella spp. (Table 1). Of 
these, 5 serum samples were collected from 5 free-
ranging Amazonian manatees captured at the MSDR 
during a capture−release health assessment study 
conducted in 2005. The remaining 45 serum samples 
were collected from 14 Amazonian manatees in reha-
bilitation at Centrinho between 2009 and 2014. Up to 

7 serum samples were opportunistically collected 
from each animal throughout their rehabilitation pe-
riod, when animals were physically re strained and 
blood was sampled for clinical evaluation. All blood 
samples were collected from the vascular bundle of 
the pectoral limb, accessed through its plantar surface 
(Fawcett 1942, Bossart 2001). After being refrigerated 
and allowed to clot, samples were centrifuged (1000–
2000 × g, 10 min, room temp.), and the serum was 
 separated and kept frozen (−20°C) until analyzed. 

The IDSM also opportunistically collects carcasses 
of free-living Amazon river dolphins, tucuxis, and 
Amazonian manatees found within the study area for 
necropsies and collection of biological samples that 
are archived for future studies. From their archive, 
frozen samples of lymph nodes (n = 2), ovaries (n = 2), 
uterus/uterine fluid (n = 2), spleen (n = 3), liver (n = 
2), lungs (n = 2), abscesses (n = 4), synovial articular 
fluid (n = 1), and milk (n = 3), collected from 2 Ama-
zonian manatees, 12 Amazon river dolphins, and 1 
tucuxi, were selected for molecular identification and 
bacteriology (Table 2). 
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Fig. 1. Study area in the mid-Solimões River, showing the Amanã and Mamirauá Sustainable Development Reserves (SDRs),  
Lake Tefé, and the Community-based Amazonian Manatee Rehabilitation Center (Centrinho), Amazonas state, Brazil
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Case ID           Sex      Age class      Sampling date       Sampling interval (d)      MAT (Serovar and titer)         RBT   2-ME 
 
A2005-02 F          M             AD               Nov-2005                 Single sample                      Patoc 1:400                      −         − 

A2005-03 F        F              JU                Nov-2005                 Single sample                               −                              −         − 

A2005-04 F        F              JU                Nov-2005                 Single sample                      Patoc 1:100                      −         − 

A2005-004 F     M             AD               Nov-2005                 Single sample                      Patoc 1:100                      −         − 

A2005-6 F         M             AD            26-Nov-2005               Single sample           Patoc 1:200, Sentot 1:100          −         − 
M1 R                          M             JU             16-May-2009                         0                                 Patoc 1:100                      −         − 
                                          JU             07-Apr-2012                       1057                              Patoc 1:100                      −         − 
                                         AD            15-Nov-2012                      1279                   Patoc 1:800, Sentot 1:100          −         − 
                                         AD             17-Feb-2013                       1373                   Patoc 1:800, Sentot 1:100          −         − 
                                         AD             07-Feb-2014                       1728                           Canicola 1:100,                  −         − 
                                                                                                                                 Icterohaemorragiae 1:100,  
                                                                                                                             Djasiman 1:100, Panama 1:100,   
                                                                                                                                              Patoc 1:200 
                                         AD             16-Jul-2014                       1887                              Patoc 1:100                      −         − 

M2 R                 M             CA             04-Jun-2010                          0                                          −                              −         − 
                                          JU             07-Apr-2012                        673                                        −                              −         − 
                                          JU             25-Feb-2013                        997                               Patoc 1:400                      −         − 
                                          JU             08-Feb-2014                       1345                              Patoc 1:100                      −         − 
                                          JU              15-Jul-2014                       1502                                       –                              −         − 

M3 R                 M             CA             07-Apr-2012               Single sample                      Patoc 1:200                      −         − 

M4 R                 M             CA             07-Apr-2012               Single sample                      Patoc 1:100                      −         − 

M5 R                 M             JU             07-Apr-2012               Single sample                      Patoc 1:100                      −         − 

M6 R                 M             JU             07-Apr-2012               Single sample                      Patoc 1:100                      −         − 

M7 R                  F              JU             07-Apr-2012                          0                                 Patoc 1:100                      −         − 
                                          JU             25-Feb-2013                        324                               Patoc 1:400                      −         − 
                                          JU             07-Feb-2014                        671                               Patoc 1:100                      −         − 
                                          JU              15-Jul-2014                        829                                        −                              −         − 
                                          JU             24-Oct-2014                        930              Canicola 1:100, Tarassovi 1:100,    −         − 
                                                                                                                                              Patoc 1:200 
                                          JU             21-Nov-2014                       958                                        −                              −         − 
                                          JU             15-Dec-2014                        982                               Patoc 1:100                      −         − 

M8 R                 M             CA             25-Feb-2013               Single sample                               −                              −         − 

M9 R                  F              CA             15-Jul-2013                          0                                          −                              −         − 
                                         CA             22-Jul-2013                          7                                          −                              −         − 
                                         CA             07-Feb-2014                        207                                        −                              −         − 
                                         CA            27-Aug-2014                       408                               Patoc 1:100                      −         − 
                                         CA            21-Nov-2014                       494                                        −                              −         − 

M10 R                F              CA             25-Feb-2013                          0                                          −                              −         − 
                                         CA             07-Feb-2014                        319                                        −                              −         − 
                                         CA            27-Aug-2014                       520                                        −                              −         − 

M11 R                F              CA             25-Feb-2013                          0                                          −                              −         − 
                                         CA             09-Apr-2013                         43                                         −                              −         − 
                                          JU             07-Feb-2014                        347                                        −                              −         − 
                                          JU              15-Jul-2014                        505                                        −                              −         − 
                                          JU             21-Nov-2014                       634                                        −                              −         − 

M12 R                F              CA             25-Feb-2013                          0                                          −                              −         − 
                                         CA             09-Apr-2013                         43                                         −                              −         − 
                                         CA             07-Feb-2014                        347                                        −                              −         − 
                                          JU              15-Jul-2014                        505                                        −                              −         − 

M13 R                F              CA             27-Jan-2014               Single sample                               −                              −         − 

M14 R                F              CA            27-Aug-2014                         0                                          −                              −         − 
                                         CA              20-Oct2014                          40                                         −                              −         − 
                                         CA            21-Nov-2014                        54                                         −                              −         − 
                                         CA             06-Dec-2014                         86                                         −                              −         −

Table 1. Amazonian manatee Trichechus inunguis serum samples subjected to microscopic agglutination test (MAT), Rose Ben-
gal test (RBT), and 2-mercaptoethanol (2-ME) Brucella agglutination test. Animal identification, sex, age class, date of sam-
pling, and interval between blood sample collections for each animal, and serological test results are reported. F: free-ranging;  

R: in rehabilitation; M: male; F: female; ND: not determined; CA: calf; JU: juvenile; AD: adult; −: negative
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2.2.  Detection of antibodies against Leptospira spp. 
and Brucella spp. 

All serum samples were examined for the presence 
of Leptospira serovar antibodies by the microscopic 
agglutination test (MAT). The MAT was performed at 
the Laboratory of Infectious Diseases, Federal Univer-
sity of Uberlândia (UFU), using a panel of 22 re -
ference serovars classified within the species L. inter -
rogans, L. biflexa, L. kirschneri, L. borgpetersenii, and 
L. noguchii (Table 3), following standard methodo -
logy (Brazilian Government 1995, Cumberland et al. 
1999, Martins & Lilenbaum 2013). A MAT titer ≥1:100 
was used as a cut-off for seropositivity, as previously 
described by Aragón-Martínez et al. (2014). Samples 
considered positive in the screening test were sub-
jected to antibody titration in 2-fold serial dilutions 
(1:50, 1:100, 1:200, 1:400, 1:800, 1:1600, and 1:3200). 
The reaction titer with 50% agglutination corre-
sponded to the reciprocal of the highest dilution of 
serum (OIE 2021). The presumptive infecting serovar 
was based on the highest titer. Infection by multiple 

serovars was assumed in cases of equally high MAT 
titers against 2 or more serogroups (Chadsuthi et al. 
2017). 

The presence of Brucella spp. antibodies was 
investigated using a Rose Bengal test (RBT) and a 2-
mercaptoethanol (2-ME) Brucella agglutination test 
following previously described methodology (OIE 
2021, Brazilian Government 2006). RBT was con-
ducted using 8% buffered Brucella antigen mixed 
with the serum in equal volumes, and samples were 
considered positive by RBT when visible agglutina-
tion was noted. For 2-ME, samples were subjected to 
serial dilutions (1:25, 1:50, 1:100, and 1:200). A sam-
ple was deemed positive when it tested positive by 
both RBT and 2-ME (Brazilian Government 2006). 

2.3.  Multiplex PCR (mPCR) for Leptospira spp. and 
Brucella spp. 

At the Biological Institute of São Paulo, frozen sam-
ples from lymph nodes, ovaries, uterus/uterine fluid, 
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Case no.       Animal ID                                      Sex         Age class       Sample                   mPCR              Bacterial culture 
 
Inia geoffrensis 
1                   WY404 Aranapu V. Iriarte              F                AD            Milk                            −                                − 
2                   RDSM Boa União V.Iriarte             F                ND            Uterine fluid               −               Enterococcus faecalis 
3                   EEM Ig 9601 200 cm                       F                AD            Milk                            −                      Bacillus spp. 
4                   Abial Lago Tefé                             ND              ND            Liver                            −                                − 
5                   IDSM Ig 29/11/13                           F                 JU             Lymph node               −               Enterococcus faecalis 
                                                                                                                  Ovaries                       −                                − 
6                   Ig 30/01/2014                                  F                AD            Lymph node               −                                − 
7                   Ig 17/01/2014                                  M               AD            Abscess                       −                                − 
8                   Ig 3/2014                                         M               AD            Spleen                         −                                − 
9                   Ig 27/09/2014                                  M                JU             Liver                            −                                − 
                                                                                                                  Synovial fluid             −                      Bacillus spp. 
                                                                                                                  Abscess                       −                               — 
10                 Ig2015/03                                       ND              ND            Spleen                         −                               — 
11                 Ig Lago Tefé 01/06/2016                F                 JU             Uterus                         −                               — 
                                                                                                                  Ovaries                       −                               — 
                                                                                                                  Spleen                         −                               — 
12                 Ig Muralha 08/07/2016                 ND              AD            Lung                           −               Enterococcus faecalis 
 
Sotalia fluviatilis 
13                 IDSM Sf 02-2014 22/05/2014       ND              ND            Lung                           −                                − 
                                                                                                                  Abscess                       −                                − 
 
Trichechus inunguis 
14                 Maria Coló                                       F                 JU             Abscess                       −                                − 
15                 A2005-6 IDSM                                F                AD            Milk                            −                      Bacillus spp.

Table 2. Samples from Amazon river dolphins Inia geoffrensis, tucuxi Sotalia fluviatilis, and Amazonian manatees 
Trichechus inunguis subjected to multiplex PCR (mPCR) for Leptospira spp. and Brucella spp., and microbiological culture. 
Animal identification, species, sex, age class, samples tested, and diagnostic tests results are reported. M: male; F: female;  

ND: not determined; JU: juvenile; AD: adult; −: negative
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spleen, liver, lungs, abscesses, synovial articular fluid, 
and milk (Table 2) were individually ground in sterile 
mortar and pestle, and resuspended as 10% suspen-
sions (w/v) in ultrapure water (Cortez et al. 2001). 
DNA was extracted from the suspensions using the 
Invitrogen DNAzol Reagent (Genomic DNA Isolation 
Reagent), according to the manufacturer’s instruc-
tions (Chomczynski et al. 1997). 

The mPCR for the Leptospira spp. and Brucella spp. 
assay was carried out in 500 μl microtubes with 5 μl 
cocktails consisting of 15 μl of Milli-Q water, 5 μl of 
10× reaction buffer (500 mM KCl, 100 mM Tris−HCl, 
pH 9.0), 8 μl of dNTPmix (200 μM of each dCTP, 
dATP, dGTP, and dTTP), 1.5 μl of MgCl2 50 mM, 
2.5 μl of each primer B4, B5, Lep1, and Lep2 at 10 pM 
μl−1, 0.5 μl of Taq DNA polymerase (5 U ml−1), and 
10 μl of extracted DNA (Richtzenhain et al. 2002). 
Primers B4 (TGG CTC GGT TGC CAA TAT CAA) 
and B5 (CGC GCT TGC CTT TCA AGG TCT G) 
were used to amplify a 223 bp sequence of Brucella 
spp. DNA (Baily et al. 1992). Primers Lep1 (GGC 
GGC GCG TCT TAA ACA TG) and Lep2 (TTA GAA 
CGA AGT TAC CCC CCT T) were used to amplify a 
330 bp sequence of Leptospira spp. DNA (Mérien et 
al. 1992). Ultrapure water was used as a negative 
control. B. abortus strain ATCC 544 bacterial suspen-
sion (2.8 × 109) and L. borgpetersenii serovar Hardjo 

strain Hardjoprajitino were used as positive 
controls (Richtzenhain et al. 2002). 

The initial denaturation was 3 min at 94°C 
followed by 35 cycles of denaturation at 94°C 
for 60 s, annealing at 60°C for 60 s, and exten-
sion at 72°C for 90 s, and a final elongation step 
at 72°C for 10 min. PCR products were subjected 
to electrophoresis on a 2% agarose gel stained 
with ethidium bromide, using a molecular weight 
marker with 100 bp increments (100 bp ladder, 
Gibco-BRL) for size standards. Gel images were 
acquired and analyzed using a Kodak DC120 
Digital Camera and Kodak 1D Image Analysis 
Software (Richtzenhain et al. 2002). 

2.4. Isolation of Leptospira spp. and Brucella 
spp. and microbiological culture 

For microbiological culture, samples from lymph 
nodes, ovaries, uterus/uterine fluid, spleen, liver, 
lungs, abscesses, synovial articular fluid, and 
milk (Table 2) were prepared into 20% tissue 
suspensions in sterile saline, at the Biological In-
stitute of São Paulo. Brucella spp. isolation was 
performed by ad ding 0.1 ml of tissue suspensions 

in culture plates of Brucella agar (Difco®) with 5% of 
defibrinated sheep blood incubated for as long as 10 d 
at 37°C, in duplicates: one plate was incubated in 
aerobic conditions, and the other was incubated in 
microaerophilic jars under a 10% CO2 atmosphere 
(OIE 2021). Aerobic and micro aero philic colonies were 
isolated and identified using Gram staining and bio-
chemical tests, using standard procedure (Kirkbride 
1990, Holt et al. 1994, Scarcelli et al. 2004, OIE 2021). 
Attempted Leptospira spp. isolation was performed 
by adding 0.1 ml of tissue suspensions in 5 ml of 
Fletcher medium supplemented with 10% rabbit 
serum in aerobic conditions at 28°C. Resulting cul-
tures and subcultures were observed weekly in dark-
field microscopy for 6 wk (Faine 1994). 

3. RESULTS 

Antibodies against Leptospira spp. were detected in 
22 (44%) of 50 samples from 12 (63%) of the 19 Ama-
zonian manatees. L. biflexa serovar Patoc was consid-
ered the presumptive infecting serovar in all positive 
samples, from both free-ranging and in-rehabilitation 
animals, although reaction to more than 1 serovar was 
observed in 5 samples (23%). Titers varied from 1:100 
to 1:800, and titers of 100 were most frequent (59%). 
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Species                    Serogroup                     Serovar 
 
L. biflexa                 Andamana                     Andamana 
                                Semarang                      Patoc 

L. borgpetersenii    Javanica                        Javanica 
                                Tarassovi                       Tarassovi 
                                Celledoni                       Whitcombi 

L. interrogans         Autumnalis                    Autumnalis 
                                Australis                        Australis 
                                Bataviae                         Bataviae 
                                Australis                        Bratislava 
                                Canicola                        Canicola 
                                Icterohaemorrhagiae    Copenhageni 
                                Djasiman                       Djasiman 
                                Sejroe                            Hardjo 
                                Hebdomadis                  Hebdomadis 
                                Icterohaemorrhagiae    Icterohaemorrhagiae 
                                Pomona                          Pomona 
                                Pyrogenes                      Pyrogenes 
                                Djasiman                       Sentot 
                                Sejroe                            Wolffi 

L. kirschneri           Cynopteri                      Cynopteri 
                                Grippotyphosa              Grippotyphosa 

L. noguchii              Panama                          Panama 

Table 3. Species, serogroups, and serovars of Leptospira spp. used  
as antigens for the microscopic agglutination test (MAT)
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Most animals were sampled only once (11/19; 58%); 
however, it was possible to study the curve of anti-
Leptospira spp. titers through time on 4 Amazonian 
manatees undergoing rehabilitation in Centrinho 
(Cases M1, M2, M7, and M9; Table 1, Fig. 2). Case M1 
had 6 serum samples collected and tested from May 
2009 to July 2014, and anti-Leptospira spp. titers to 
serovar Patoc varied chronologically as follows: 1:100, 
1:100, 1:800, 1:800, 1:200, and 1:100. Five samples 
were collected and tested from Case M2 between 
June 2010 and July 2014. Two of these were positive 
to Lepto spira spp. serovar Patoc, and titers varied 
from 1:400 in February 2013 to 1:100 in February 
2014. Case M7 had 7 serum samples collected and 
tested from April 2012 to December 2014. Of those, 
samples positive to serovar Patoc had titers of 1:100, 
1;400, 1:100, 1:200, and 1:100. Five samples from Case 
M9 were tested from July 2013 to November 2014, 
and only 1 sample was positive, presenting a titer of 
1:100 to serovar Patoc in August 2014. 

All serum samples were negative by RBT and 2-
ME with regards to antibodies against Brucella spp. 
(Table 1). All samples were negative for Brucella spp. 
and Leptospira spp. by mPCR and bacteriology 
(Table 2). Enterococcus faecalis was isolated from the 
uterine fluid (Case 2), lymph node (Case 5), and lung 
(Case 12) samples from 3 Amazon river dolphins. Ac -
cording to IDSM archived necropsy and histopatho -
logy reports, Case 12 presented with pneumonia 
associated with hydrothorax, focal parasitic gran -
uloma, and multifocal intrabronchial nematodes. 

Case 5 presented with lymphadenitis, bronchopneu-
monia, and suspected osteomyelitis. No lesions were 
re ported on Case 2. Bacillus spp. were isolated from 
milk (Case 3) and synovial fluid (Case 9) from 2 Ama-
zon river dolphins and from a milk sample from an 
Amazonian manatee (Case 15; Table 2). The necro -
psy report for Case 9 indicated edema associated 
with the left humeroscapular joint and red coloration 
of the synovial fluid. 

4. DISCUSSION 

Our results suggest the exposure of free-ranging 
and in-rehabilitation Amazonian manatees to Lepto -
spira biflexa serovar Patoc. This represents only the 
third report of anti-Leptospira spp. antibodies in 
Amazonian manatees and the first report in free-
ranging animals (Mathews et al. 2012, Delgado et al. 
2015). In our study, serovar Patoc was considered the 
infecting serovar in all animals positive by MAT. 
MAT is the most widely used method for diagnosing 
leptospirosis and the gold-standard serological test 
suggested by the World Organization for Animal 
Health (OIE 2021). Although the specificity of the test 
is good, significant serological cross-reactivity be -
tween serovars and serogroups of Leptospira spp. oc -
curs, and therefore serology does not definitively 
identify infecting serovars (OIE 2021). As a comple-
mentary diagnostic measure, isolation of the bacteria 
followed by molecular characterization is recom-
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Fig. 2. Microscopic agglutination titers for anti-Leptospira sp. serovar Patoc in serum of 4 Amazonian manatees Trichechus 
inunguis (Cases M1, M2, M7, M9) in rehabilitation at the Community-based Amazonian Manatee Rehabilitation Center  

(Centrinho), Amazonas state, Brazil
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mended. When serological diagnostic tests are used, 
specific knowledge of circulating serovars is impor-
tant to yield useful results and improve sensitivity 
(OIE 2021, Agampodi et al. 2016). An incomplete 
panel of serovars can induce false negative results 
(Musso & La Scola 2013). 

Similar to our study, the serovar Patoc was also re -
ported as the most frequent Leptospira spp. serovar 
in Amazonian manatees maintained in captivity at 
2 rehabilitation units in the Lower-Solimões River 
region (Mathews et al. 2012) and the third most fre-
quent in Amazonian manatees in captivity in the 
Peruvian Amazon (Delgado et al. 2015). Patoc was 
also the most prevalent Leptospira spp. serovar re -
ported in humans living in rural areas of the western 
Amazon, Brazil (47%) (Aguiar et al. 2007), and in 
ovines (30%) from 15 farms in the same region 
(Aguiar et al. 2010). Serovar Patoc was the second 
most frequent (20%) serovar in domestic dogs in an -
other region of the Brazilian Amazon (Paz et al. 
2015). Serological response to this serovar was also 
reported in cattle (8%) and equines (27%) in the 
Brazilian Amazon (Aguiar et al. 2006, 2008). Our 
results, in addition to these previous reports, suggest 
the occurrence of serovar Patoc in the Amazonian 
environment, with serological exposure of humans 
and domestic and wild animals, for at least 10 yr. 

Serovar Patoc belongs to the L. biflexa species, 
considered a free-living, saprophytic, aquatic spiro-
chete. L. biflexa serovar Patoc strain Patoc1 was ini-
tially isolated from stream water (Picardeau et al. 
2008). The significance of the high prevalence of 
sero-reaction to Patoc in animals and humans in the 
Amazon is unknown. Serovar Patoc is known to 
cross-react with pathogenic Leptospira (Corrêa et al. 
1970, Maneewatchararangsri et al. 2021). Because of 
that, most of the commercially available ELISA kits 
use serovar Patoc as a genus-specific antigen for 
serological investigations of Leptospira spp. (Musso 
& La Scola 2013). Severe cases of leptospirosis have 
been reported in pinnipeds (Waltzek et al. 2012). 
Periodic large-scale stranding and mortality events 
of California sea lions Zalophus californianus were 
attributed to L. interrogans serovar Pomona (Gulland 
et al. 1996, Cameron et al. 2008, Norman et al. 2008, 
Zuerner et al. 2009). Transmission to humans was 
reported following contact with fluids from infected 
sea lions and with tissues during necropsy of a sea 
lion that died from leptospirosis (Smith et al. 1978). 

The seroprevalence of anti-Leptospira spp. anti -
bodies in Amazonian manatees appears to be high: 
63% in our study, 79% as reported by Delgado et al. 
(2015), and 31% as reported by Mathews et al. (2012). 

Amazonian environmental conditions are highly fa-
vorable for the maintenance and transmission of Lep-
tospira spp., and therefore, wild mammals are likely 
to be exposed to the spirochetes (Bharti et al. 2003, 
Jori et al. 2009). Mathews et al. (2012) suggested that 
the most likely source of Leptospira spp. infection for 
Amazonian manatees would be the ex posure to water 
contaminated with urine from in fected terrestrial, do-
mestic, and wild animals. In pinnipeds, leptospirosis 
is believed to be directly spread among individuals 
via infected urine at rookeries (Cameron et al. 2008, 
Norman et al. 2008, Zuerner et al. 2009). 

MAT detects IgM and IgG antibodies, and does not 
differentiate between current, recent, or past infec-
tions (Musso & La Scola 2013). In our study, serum 
titers were mainly low, indicating chronic infection or 
past exposure to Leptospira spp. (OIE 2021). In areas 
with frequent exposure, as in most tropical countries, 
a higher cut-off titer is necessary to indicate active 
infection. In very high endemic areas, a single titer of 
1:800 in symptomatic patients is generally indicative 
of disease (Musso & La Scola 2013). According to the 
Centers for Disease Control (CDC 1997), for humans, 
the laboratory criteria for diagnosis of leptospirosis 
should consist of a fourfold or greater increase in the 
agglutination titer between serum specimens ob -
tained ≥2 wk apart and studied at the same labora-
tory, along with clinical disease. Such an increase in 
titers in paired sera confirms the diagnosis regardless 
of the interval between samples (Levett 2001). 
Although no clinical signs compatible with lepto -
spirosis were observed in the Amazonian manatees 
in this study, Case M1 showed greater than a fourfold 
increase of titers to serovar Patoc in 7 mo and main-
tained the higher titers in the following sampling, 
3 mo later. Cases M2 and M7 also showed a fourfold 
in crease in titers in samples collected around 10 mo 
apart (Table 1, Fig. 2). Therefore, the Amazonian 
manatees identified as Cases M1, M2, and M7 may 
have had active infections. The same pattern of anti-
body increase was reported for Antillean manatees 
Trichechus manatus manatus from a landlocked lake 
in Mexico, and active infections were suggested 
(Aragón-Martínez et al. 2014). 

Cases M1, M2, and M7 had increased serum titers 
in samples collected between November 2012 and 
February 2013, in the dry season, indicating active 
infection or re-infection in the rehabilitation pen in 
that period (Table 1, Fig. 2). During the dry season, 
when the level of water lowers considerably and food 
availability decreases, Amazonian manatees tend to 
concentrate in terra-firme lakes or main river chan-
nels (Calvimontes 2009). Arraut et al. (2010) demon-
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strated that during the low-water season (October−
November), Amazonian manatees migrate to Lake 
Amanã, where Centrinho is located. The concentra-
tion of animals can influence the exposure and trans-
mission of Leptospira spp. (Hashimoto et al. 2015). 
Differently, in Manaus (city located around 500 km 
from Lake Amanã), the largest number of confirmed 
human leptospirosis cases from 2000 to 2010 oc -
 curred in periods of intense rainfall (Jesus et al. 
2012). Higher seroprevalence and titers to L. interro-
gans were also reported to occur during the rainy 
season in Antillean manatees in Mexico (Aragón-
Martínez et al. 2014). 

In our study, Leptospira spp. were not identified in 
tissue samples of dolphins by PCR or bacterial cul-
ture. Samples from the urinary tract, such as kidney 
tissue and urine, are the most commonly used for 
lepto spirosis culture and molecular detection (Di 
Azevedo & Lilenbaum 2021). Unfortunately, those 
samples were unavailable. Although highly specific, 
culturing of Leptospira has a low sensitivity and re -
mains a challenge (Di Azevedo & Lilenbaum 2021). 
Leptospira spp. have never been isolated or molecu-
larly identified in Amazonian river dolphins (Higgins 
2000, Sánchez-Sarmiento et al. 2018). The first isola-
tion of Leptospira sp. from a cetacean, a southern 
right whale Eubalaena australis calf stranded in 
Argentina, occurred in 2015 (Grune Loffler et al. 
2015). In that study, a novel species of the genus 
Lepto spira, likely to be pathogenic, was isolated 
from kidney tissue (Grune Loffler et al. 2015). 

In marine cetaceans, infection by Brucella spp. has 
been reported in a broad range of species with wide-
spread distribution (Higgins 2000, Guzmán-Verri 
et al. 2012, Hernández-Mora et al. 2013, Sánchez-
Sarmiento et al. 2018, Sierra et al. 2019). The infec-
tion can be asymptomatic or cause severe pathology 
in dolphins, such as meningoencephalitis and neu-
rological disorders, endocarditis, placentitis, lung 
lesions, and death (Hernández-Mora et al. 2008, 
Guzmán-Verri et al. 2012, Sánchez-Sarmiento et al. 
2018, Sierra et al. 2020). Brucella sp. has been iso-
lated from multiple organs in cetaceans, including 
subcutaneous lesions, liver, spleen, blood, lymph 
nodes, uterus, mammary glands, and several tissues 
from an aborted fetus (Ross et al. 1996, Higgins 2000, 
McAloose et al. 2016). B. ceti was recently detected 
in the brain of a dolphin stranded in northeastern 
Brazil, using PCR (Attademo et al. 2018). The zoo -
notic potential of marine mammal Brucella strains is 
recognized (McDonald et al. 2006). Cases of neuro-
brucellosis and intracerebral granulomas in humans 
believed to be infected in Peru, were confirmed to be 

caused by marine mam mal Brucella sp. (Sohn et al. 
2003). In agreement with our results, infection by or 
exposure to Brucella spp. has never been reported 
in riverine dolphins or manatees (Guzmán-Verri et 
al. 2012, Hernández-Mora et al. 2013, Sánchez-
Sarmiento et al. 2018). Nevertheless, continued sur-
veillance is recommended due to the potential con-
servation and public health impacts of brucellosis in 
the Amazonian environment. 

Enterococcus faecalis is an opportunistic pathogen 
considered as normal flora in skin and gastrointesti-
nal and genital tracts in humans and many animals, 
including insects (Facklam et al. 1999, Kau et al. 
2005, Higuita & Huycke 2014). It is also frequently 
re ported as the causative agent of infections in 
humans, including urinary tract infections, endocardi-
tis, bacteremia, and wound infections (Kau et al. 
2005). E. faecalis was the most common Entero coccus 
species identified in fecal samples from humpback 
whale Megaptera novae angliae and Risso’s dolphin 
Grampus griseus (Prichula et al. 2016). The bacteria 
were also isolated from the anus of a necropsied 
bottlenose dolphin Tursiops truncatus (Buck et al. 
1987), and from blowhole and gastric fluid samples of 
wild bottlenose dolphins (Morris et al. 2011). E. fae-
calis was previously associated with a multisystemic 
infection in a neonate dugong Dugong dugon in Aus-
tralia, including meningoencephalitis. In that case, E. 
faecalis was cultured from the cerebrospinal fluid, 
brain tissue, and urine (Nielsen et al. 2013). Enterococ-
cus spp. were commonly isolated from inflammatory 
lesions in pinnipeds stranded alive in California, USA. 
In those animals, Enterococcus spp. were cultured 
from superficial abscesses, wounds, ocular and ure-
thral discharges, livers from septicemic animals, brains 
with ence phalitis or meningitis, and pneumonia-
affected lungs (Thorn ton et al. 1998). Herein, E. fae-
calis was isolated from the verminous-pneumonia-
affected lung of an Amazon river dolphin (Case 12). 
The dolphin from Case 5, from which E. faecalis 
was isolated from the lymph node, presented with 
lymphadenitis, bronchopneumonia, and suspected 
osteomyelitis. 

We isolated Bacillus spp. from milk samples of an 
Amazonian manatee and an Amazon river dolphin. 
Bacillus spp. are saprophytes widely distributed in 
the environment, and commonly isolated from soil, 
air, water, plants, and animals. These bacteria are 
frequently reported in the milk and dairy industry as 
contaminating organisms (IDF 2016). Bacillus sp. was 
reported to be present in 5% of donor human milk 
pools before pasteurization, and was the most pre-
dominant contaminant cultured after pasteurization 
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in a human milk bank (Landers & Updegrove 2010). 
Potential clinical implications of Bacillus sp. contam-
ination in human milk are still unclear (Landers & 
Updegrove 2010). No other reports of Bacillus spp. in 
aquatic mammal milk were found in the literature, 
and the normal milk microbiota for Amazon river dol-
phins and Amazonian manatees is unknown. Bacillus 
spp. were among the most common Gram-positive 
bacteria cultured from blowhole and gastric fluid 
samples of wild bottlenose dolphins (Morris et al. 
2011). In correlation with the isolation of Bacillus spp. 
from the synovial fluid of an Amazon river dolphin in 
this study (Case 9), the bacteria were among the 
array of microorganisms isolated from blood and/or 
joint tissues of wild dolphins presenting joint disease 
(Turnbull & Cowan 1999). Gross lesions of chronic 
joint disease, such as roughening or erosion of the 
articular cartilage, were not observed during nec -
ropsy, but soft-tissue edema was associated with the 
affected joint and the synovial fluid was abnormal, 
displaying slightly red coloration. Whether Bacillus 
spp. isolated from the joint was associated with the 
observed lesions is not clear. 

Very little information is available on the clinical 
significance of the isolation of opportunistic patho-
gens in aquatic mammals, and the role of these bac-
teria in disease, if any, has not been established. 
Knowledge of infectious agents prevalent in Ama-
zonian manatees, Amazon river dolphins, and tuc -
uxis is of relevance to species conservation. Further-
more, aquatic mammals can act as sentinels of 
environmental health by indicating the presence of 
pathogens, including zoonotic agents, in the environ-
ment (Bossart 2007). Our results reinforce the impor-
tance of ongoing studies for the detection of infec-
tious agents that can affect the health of aquatic 
mammals, humans, and the Amazonian environ-
ment. Further research is needed for molecular con-
firmation of serovar Patoc in Amazonian manatees, 
and better understanding of the clinical relevance of 
infection by Leptospira spp., E. faecalis, and Bacillus 
spp. in the health of Amazonian aquatic mammals. 
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