%

LIBERTAS CAPITUR

7DAD AUSTRAL S

Universidad Austral de Chile

Facultad de Ciencias Veterinarias

ORIGINAL ARTICLES

Non-0O157 Shiga toxin-producing Escherichia coli with
potential harmful profiles to humans are isolated from the
faeces of calves in Uruguay

Ana Umpiérrez, Déborah Ernst, Andrea Cardozo, Alexia Torres,
Magali Fernandez, Martin Fraga, Rafael Vignoli, Inés Bado,
Roberto Vidal, Pablo Zunino

Captive collared peccary carries ESBL-producing diarrheagenic
Escherichia coli pathotypes

Conrado Quifionez Balbuena, Carlos Tejeda Cruz, Carlos
Ibarra Martinez, Maria Angela Oliva Llaven, Mariela Reyes Sosa,
Carlos Alfredo Carmona Gasca, Sergio Martinez Gonzalez,
Javier Gutiérrez Jiménez, Gerardo Uriel Bautista Truijillo

Domestic dog and alien North American mink as reservoirs of
infectious diseases in the endangered Southern river otter
Macarena Barros, Daniel J. Pons, Andrea Moreno, Juliana
Vianna, Barbara Ramos, Fernando Duefas, Cristina Coccia,
Roberto Saavedra-Rodriguez, Alexis Santibafiez, Gonzalo
Medina-Vogel

SHORT COMMUNICATIONS

Detection of pathogenic leptospira as a cause of abortion in
cattle - observations on diagnosis

Camilo Tomckowiack, Sebastian Matamala, Constanza Leon,
Manuel Moroni, Miguel Salgado

Evaluation of the efficacy of essential oils of Lavandula
angustifolia and Eucalyptus globulus for the control of Varroa
destructor in Apis mellifera: A randomised field study

Mario F. Ahumada, José L. Marcos, Agnes Cadavid, Gloria V.
Bafares, Cristian M. Silva, Yerko A. Olivares, Heine Y. Muller

CASE REPORT

Aneurysm of the pulmonary artery in a sheep with pulmonary
adenocarcinoma

Helder Quintas, Andreia Garcés, Nuno Alegria, Maria Jodo
Pires, Rita Campilho, Filipe Silva, Isabel Pires

Austral Journal of
Veterinary Sciences

ISSN 0719-8000 / ISSN 0719-8132

VOLUME 54 / VALDIVIA - CHILE / 2022 / N2 2




This journal is subsidised by
Direccion de Investigacion y Desarrollo de la Universidad Austral de Chile (DID-UACh)

Periodicity: Triannual (January-May-September). Funded in 1969.
Indexed in:

— Current Contents Agriculture, Biology and Environmental Sciences (CC/AB and ES).
— Commonwealth Agricultural Bureau, International (C.A.B.L.).
— Dairy Science Abstracts.

— Veterinary Bulletin.

— Animal Breeding Abstracts.

— Helminthological Abstracts S.A.

— Agrindex.

— Biological Abstracts.

— Periddica.

— Focus on: Veterinary Sciences and Medicine.

— Science Citation Index Expanded.

— Scielo - Chile.

— Google Scholar.

— Ebsco.




ISSN 0719-8000
ISSN 0719-8132

Austral Journal of Veterinary Sciences
VOL. 54, N° 2, 2022

Editorial Committee

President: Claudio Verdugo R., DVM, Ph.D.
Christian Alvarado G., Agronomist, M.Sc., Ph.D.
Carolina Durdan G., DVM, M.Vet.Sc., Ph.D.
Tamara Tadich G., DVM, M.Sc., Ph.D.

Editorial Assistant: Claudia Cardenas A., Agronomist

Editorial Advisory Committee

Carmen Fuentealba, DMV, M.Sc., Ph.D. - Ross University, St. Kitts & Nevis
Rodrigo Gallardo, DMV, Ph.D. - University of California Davis, USA
Carlos Hermosilla, DMV, Ph.D., DipEVPC, Dr. habil. - Justus Liebig University, Germany
Faham Khamesipour, DVM, M.Sc., Ph.D. - Shiraz University, Iran
Giovanna Liguori, DMV, Ph.D. - Universita degli Studi di Napoli “Federico II”, Italy
Raul Mainar, DMV, M.Sc., Ph.D., DipECVPH - Centro de Invest. y Tec. Agroalimentaria, Espafia
José Luis Mufioz, M.B., Ph.D. - Universidad de Los Lagos, Chile
Alessandra Pelagalli, B.Pharm., Ph.D. - Universita degli Studi di Napoli “Federico II”, Italy
Manuel Quezada, DMV, Ph.D. - Universidad de Concepcidn, Chile
Sergio Recabarren, B.S. - Universidad de Concepcion, Chile
Pedro Smith, DMV, M.Sc.- Universidad de Chile, Chile
Jorge Toro, DMV, M.Sc., Ph.D. - Universidad Austral de Chile, Chile
Gerdien van Schaik, M.Sc., Dipl Anim Sci, Ph.D. - Gezondheidsdienst voor Dieren, The Netherlands
Noel Verjan, DMV, M.Sc., Ph.D. - Universidad de Tolima, Colombia

Universidad Austral de Chile
Facultad de Ciencias Veterinarias
Casilla 567 - Valdivia - Chile

This journal is licensed under Creative Commons 4.0 (CC BY-NC-ND 4.0)






VOLUME 54, N° 2, 2022

ORIGINAL ARTICLES

Non-0157 Shiga toxin-producing Escherichia coli with potential harmful profiles to humans are isolated
from the faeces of calves in Uruguay

Ana Umpiérrez, Déborah Ernst, Andrea Cardozo, Alexia Torres, Magali Ferndndez, Martin Fraga, Rafael
Vignoli, Inés Bado, Roberto Vidal, Pablo Zunino

Captive collared peccary carries ESBL-producing diarrheagenic Escherichia coli pathotypes

Conrado Quifionez Balbuena, Carlos Tejeda Cruz, Carlos Ibarra Martinez, Maria Angela Oliva Llaven, Mariela
Reyes Sosa, Carlos Alfredo Carmona Gasca, Sergio Martinez Gonzélez, Javier Gutiérrez Jiménez, Gerardo
Uriel Bautista Trujillo

Domestic dog and alien North American mink as reservoirs of infectious diseases in the endangered
Southern river otter

Macarena Barros, Daniel J. Pons, Andrea Moreno, Juliana Vianna, Barbara Ramos, Fernando Duefas, Cristina
Coccia, Roberto Saavedra-Rodriguez, Alexis Santibaiiez, Gonzalo Medina-Vogel

SHORT COMMUNICATIONS

Detection of pathogenic leptospira as a cause of abortion in cattle - observations on diagnosis
Camilo Tomckowiack, Sebastidan Matamala, Constanza Leon, Manuel Moroni, Miguel Salgado

Evaluation of the efficacy of essential oils of Lavandula angustifolia and Eucalyptus globulus for the
control of Varroa destructor in Apis mellifera: A randomised field study

Mario F. Ahumada, José L. Marcos, Agnes Cadavid, Gloria V. Bafiares, Cristian M. Silva, Yerko A. Olivares,
Heine Y. Miiller

CASE REPORT

Aneurysm of the pulmonary artery in a sheep with pulmonary adenocarcinoma
Hélder Quintas, Andreia Garcés, Nuno Alegria, Maria Jodo Pires, Rita Campilho, Filipe Silva, Isabel Pires

45

55

65

77

83

89






Austral J Vet Sci 54, 45-53 (2022)

ORIGINAL ARTICLE

Non-0157 Shiga toxin-producing Escherichia coli with potential harmful
profiles to humans are isolated from the faeces of calves in Uruguay

Ana Umpiérrez?*, Déborah Ernst?, Andrea Cardozo?, Alexia Torres’, Magali Fernandez?,
Martin Fraga®, Rafael Vignoli, Inés Badod, Roberto Vidal®¢, Pablo Zunino?

ABSTRACT. Shiga toxin-producing Escherichia coli (STEC) infections are responsible for acute illnesses and deaths in humans.
Cattle and humans are exposed to STEC through faeces and contaminated food and water. The big six and O157 STEC serogroups
are important food and water-borne human pathogens. Additionally, Stx1a, Stx2a and Stx2c subtypes are highly associated with the
haemolytic uremic syndrome. This study aimed to determine Shiga toxin-subtypes, the presence of antigen 43 families, the genotypic
and phenotypic antimicrobial susceptibility profiles, O-serogrouping, phylotypes and phylogenetic relatedness of STEC of calf origin.
Sixteen STEC isolates from calf origin were analysed. PCR was performed to determine Stx subtypes, serogroups, the presence of ag43
I'and II and phylotypes. The antimicrobial profile was evaluated and the presence of PMQR and fosfomycin genes was determined by
PCR. The clonal relatedness of STEC was studied by PFGE. The genotypes stx/a+c, stxla+, stxla+/stx2e+, stxla+c/stx2e and stx2a
were detected. Ag43 II was the most prevalent among subfamilies. STEC isolates were serotyped as O103 (n=5) and O111 (n=6). Fifty
per cent of the isolates were classified as B1 phylogroup, 4/16 as E, 1/16 as C, and 1/16 as F. Non-O157 STEC isolates showed a high
level of diversity, independent of the geographical and farm-origin. Isolates were resistant to ampicillin, ciprofloxacin, gentamicin,
and fosfomycin-trometamol. The gene fosA7 was detected in 1 isolate. The virulence profiles, including Shiga toxin-subtypes and
serogroups, denote the potential harm of non-O157 STEC isolates to humans. We also confirmed that circulating non-O157 STEC

from cattle present genetic heterogeneity and are susceptible to antibiotics.
Key words: Non-O157 STEC, Shiga toxin subtypes, antimicrobial resistance.

INTRODUCTION

Shiga toxin-producing Escherichia coli (STEC) is a
bacterial pathogen with a defined zoonotic potential (Gyles
& Fairbrother, 2010). The main natural reservoir of STEC is
the bovine intestine, although it can be isolated from other
domestic animals (Gyles & Fairbrother, 2010). Infections in
humans are usually caused by the consumption of undercooked
meat, contaminated vegetables, dairy products and contact
with contaminated water. Some infections are also caused by
the contact with the environment of animals and ruminants
in the farm and person-to-person contact (Kintz et al., 2017).
Even though some individuals infected with STEC recover
without significant complications, some STEC strains are
highly virulent to humans (Majowicz et al., 2014). STEC
infections cause over 2.8 million illnesses annually, including
haemorrhagic colitis (HC), haemolytic uraemic syndrome
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(HUS), renal failure and even in some cases haemorrhagic
cystitis around the world (Gadea et al., 2012, Majowicz
et al., 2014). The incidence of STEC infections differs
between countries alongside South America. In Uruguay,
cases of HUS and HC are sporadic and have an incidence of
4 to 5 per 100,000 children, whereas Argentina, considered
the country with the highest incidence of HUS in children
under 5 years, has 300 to 400 HUS cases per year (Blanco
et al., 2004, Pérez et al., 2014).

STEC main virulence factors are Shiga toxin type 1 and
type 2 (Stx1 and Stx2, respectively). They are encoded in the
genome of tempered double-stranded lambdoid prophages
(Scheutz, 2014). The number of Stx1 and Stx2 subtypes
is continuously upgrading. The Stx1 group is conserved
and has four subtypes, a, c, d, and e, while Stx2 is more
heterogeneous, and 11 subtypes have been distinguished
so far: a-k, with some of them been reported in severe
disease in humans (Probert et al., 2014, Scheutz, 2014, Bai
et al., 2018, Yang et al., 2020a). In addition, some STEC
isolates possess the locus of enterocyte effacement (LEE)
pathogenicity island. STEC LEE+ strains are defined by the
expression of Intimin, and the translocated intimin receptor
(Tir), among other virulence factors. Together, they are
responsible for the attaching and effacing (A/E) lesions
induced in intestinal epithelial cells (Torres et al., 2018).

Despite the great diversity of phenotypes and
combinations of virulence factors, E. coli presents a clonal
structure. So far, commensal E. coli strains, diarrheagenic
E. coli from the diarrheagenic E. coli group (DEC), and
those causing extraintestinal infections (EXPEC) can be
grouped into eight phylogenetic groups: A, B1, B2, C, D,
E, F, and clade I (Clermont et al., 2013). EXPEC strains
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have been mainly assigned to group B2 and a lesser extent
to groups D and F, while commensals and diarrheagenic
E. coli strains have been assigned mostly to groups A, B1,
and E (Tenaillon et al., 2010). At the same time, E. coli
strains are distinguished by their lipopolysaccharide (O)
and flagellum (H) composition and antigenicity (Rivas
et al., 2014). Currently, in addition to E. coli O157:H7,
other serogroups have been associated with severe HUS
outbreaks. Big six serotypes 026, 045, 0103, O111,
0121, and 0145, together with E. coli O157, are the most
prevalent within STEC LEE+ strains (Rivas et al., 2014).

As aforementioned, bovines are the main reservoir of
STEC and besides the severe damage caused to humans,
it can survive imperceptibly in both the bovine intestinal
epithelium and in the environment. STEC abundance is
low in cattle intestine, however, it can manage to be viably
transmitted to the farm environment and from there, even
in low abundances, to infect other animals or contaminate
water courses (Sapountzis et al., 2020). Persistence in
such different places is associated with the phenotypes
and plasticity to adapt to the ecological niches and usually
involves the ability to form biofilms or have thigh adhesion
conditions. Autoaggregation, cell-cell adhesion to the host
and biofilm formation of STEC have been associated with
the presence of autotransporter proteins like Antigen 43
(Ag43). This adhesin has been more frequently linked to
pathogenic STEC LEE+ strains like E. coli O157:H7 than
to commensals ones (Kjaergaard et al., 2000).

The emergence of multidrug-resistant bacteria has been
recognised as a global health issue. Antimicrobial misuse
in humans and animals over the decades has determined the
occurrence of non-effective treatments for several infectious
diseases (Marshall & Levy, 2011). Even antibiotic treatment
in STEC infections is not recommended, it is important to
keep in mind the association of resistance mechanisms to
mobile genetic elements, such as transposons, integrons
and plasmids, that give bacteria the capability to rapidly
transfer resistance genes (Marshall & Levy, 2011).

In Uruguay, the proportion of STEC in the faeces of
calves is low, according to previous studies of our group
(Umpiérrez et al., 2017, 2021). However, given the severity
and outcome of the illness, the regional context of HUS
cases in children, and the ecology of STEC transmission
and persistence in the environment it is required to find out
the potentially harmful effects of circulating STEC isolates.

This study aimed to determine the Shiga toxin subtypes
and the presence of the Antigen 43 gene, the antimicrobial
phenotype, O-serogrouping, phylotypes and phylogenetic
relatedness of STEC isolates of calf origin.

MATERIAL AND METHODS
ISOLATES AND GROWTH CONDITIONS

Sixteen STEC strains isolated from bovine faeces
were collected between 2014 and 2017. As previously
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described, faeces collection and biochemical and molecular
characterisation of E. coli were performed (Umpiérrez
et al., 2017, 2021). Briefly, all isolates except one were
collected from faeces of seven dairy calves with signs of
neonatal calf diarrhoea (NCD) and from faeces of dairy
calves without NCD signs under 35 days old (table 1),
whereas one isolate was collected from an ileum sample of
a dead calf affected with NCD (table 1). All isolates were
previously characterised by PCR, regarding the presence
of stx1, stx2, and eae among other E. coli virulence genes,
and classified as STEC LEE+ (stx+/eae+) (Umpiérrez
et al., 2017, 2021). For the routine cultivation of STEC,
isolates were grown on trypticase soy agar (TSA) plates
(OXOID) for 18-24 h at 37 °C.

SHIGA TOXIN GENES SUBTYPING

Subtyping of Stx was performed according to the protocol
described by Scheutz et al., (2012). Three stx/subtypes
(stxla, stxIc, stxld) and 7 stx2 subtypes (stx2a, stx2b, stx2c,
stx2d, stx2e, stx2f, stx2g) were evaluated by multiplex PCR.
When required, the whole szx operon was amplified and
sequencing analysis was performed using the free software
BioEdit (version7.2.5) to assign the Stx subtype to each
isolate (Scheutz et al., 2012).

ANTIGEN 43 GENE DETECTION

The presence of Ag43 was evaluated by PCR. Partial
amplification of the ag43 gene was performed as previously
described (Kjaergaard et al., 2000). Amplicon size of
the two Ag43 subfamilies was determined by agarose
gel electrophoresis (subfamily I amplicon size: 1569pb;
subfamily II amplicon size: 1839pb) (Kjaergaard et al.,
2000).

SEROGROUP

The 026, 045, 0103,0111, 0113, 0121, 0145, and
0157 serogroups were determined by PCR according to
the procedure described by Paddock et al., (2012). PCR
positive controls were included in each amplified serogroup.
E. coli O157:H7 EDL933 strain was used as a positive
control for O157 serogroup. The rest of the DNA controls
were extracted from clinical isolates from the “Pathogenic
Escherichia coli Laboratory” pathogenic strains collection
at Universidad de Chile.

PHYLOGENETIC ANALYSIS

To assign STEC isolates into any of the phylogroups,
partial amplifications of chuA, yjaA, tspE4.C2 and arpA
genes by PCR was performed according to Clermont ef al.,
(2013). The multiplex PCR method uses the amplification
profile of these genes to assign isolates to eight different
phylogroups: A, B1, B2, C, D, E, F, and Clade-I.



Table 1. Virulence profile, antimicrobial phenotype, and resistance genes, O-serogrouping and phylotypes of STEC isolates recovered

NON-0157 STEC, SHIGA TOXIN SUBTYPES, ANTIMICROBIAL RESISTANCE

from animals with signs of NCD and from healthy calves.

Animal Isolate i:;elzrti(())i Animal signs Virulence profile resis/?;lr:izlgtrlgﬁles Re;giz;lce Serogroup  Phylogroup
1 1(74.2) 2014 NCD signs stxla, ag43(1l) - Ol11 Bl
2 2 (16.16) 2015 NCD signs™ stxla+c AMP /CN/FOT fosA7 n/d A
3 3 (AG2.1) 2016 NCD signs stx2a FOT n/d A
4 4(ADL.5) 2016 NCD signs stxla+c, ag43(I) AMP/CIP n/d E

5 (AD1.6) stxla, ag43(1) AMP/CIP Ol11 F

6 (AD1.7) stxla+c AMP n/d Bl

7 (ADL1.9) stxla+c AMP Ol11 E

8 (AD3.2) 2016 NCD signs stxla+c, ag43(1l) AMP 0111 Bl

9 (AD7.2) 2016 NCD signs stxla AMP Ol111 Bl

10 (AD7.5) stxla AMP 0111 C

11 (AD7.10) stxla, ag43(1l) --- n/d E

7 12 (AC3.1) 2016  Calf without signs stxla+c, ag43(1l) CIP 0103 Bl
13 (AC3.10) stxla, ag43(1l) --- 0103 B1

8 14 (BJ1.3) 2017 NCD signs stxla/stx2e, ag43(Il) - 0103 E
15 (BJL.5) stxla+c, stx2e, ag43(Il) AMP 0103 B1

16 (BJ1.10) stxla, stx2e, ag43(Il) AMP 0103 Bl

M E. coli isolated from an ileum sample of a dead calf with NCD. n/d: none determined serogroup. ag43(I) corresponds to Ag43 subfamily I, and
ag43(1l) corresponds to Ag43 subfamily II. AMP, Ampicillin; FOT, fosfomycin-trometamol; CN, gentamicin.

PULSED-FIELD GEL ELECTROPHORESIS

Clonality of the isolates was evaluated by Xbal
Pulsed-Field Gel Electrophoresis (PFGE) according to
PulseNet protocol. Salmonella Braenderup H9812 and
Staphylococcus aureus subsp. aureus (strain NCTC 8325)
were used as reference strains. Band patterns were analysed
with BioNumerics v.6.6 software (Applied Maths, Sint-
Martens-Latem, Belgium). A dendrogram was generated
by the UPGMA method, using the Dice coefficient with
a 1.0% of band position tolerance.

ANTIMICROBIAL SUSCEPTIBILITY ANALYSES

The Kirby-Bauer disc-diffusion method was used
to analyse antimicrobial susceptibility, according to the
Clinical Laboratory Standard Institute (2017). Grown
isolates in Mueller-Hinton (MH) agar plates (OXOID) for
18-24 h at 37 °C were tested for 11 different antibiotics:
ampicillin (AMP), cefuroxime (CXM), ceftazidime (CAZ),
ceftriaxone (CRO), nalidixic acid (NA), ciprofloxacin CIP,
enrofloxacin (ENR), gentamicin (CN), amikacin (AK),
trimethoprim-sulfamethoxazole (SXT), and fosfomycin
trometamol (FOT). All antibiotic discs were purchased
from Oxoid. Quality control was performed with E. coli
ATCC 25922. The interpretation of results was performed
according to CLSI 2017, except for ENR, which was
interpreted using Veterinary Antimicrobial Susceptibility
Testing (VAST) (Patel, 2014). Considering the One Health

concept and the zoonotic potential of these isolates, all
antibiotics were selected based on the frequency with
which they are employed in the medical practice of human
infectious diseases.

FOSFOMYCIN AND PLASMID MEDIATED QUINOLONE
RESISTANCE GENES

With regard to resistance genes, we searched for the
main mechanisms of transferable resistance to antibiotics
considered critical by the World Health Organization and
previously detected in our country. The presence of PMQR and
fosfomycin genes was evaluated by PCR. PMQR genes gnrA,
qnrB, gqnrC, gnrD, gnrS, and gepA were partially amplified
as previously described (Umpiérrez et al., 2017). On the
other hand, the search for fosfomycin resistance genes fosA,
fosB, fomA, fomB, fosA3, fosC2, and fosA7 was performed
following protocols and using primers from literature (Céppola
et al., 2020). Primers to detect fosA7 gene were designed in
this study: fosA7F 5'- ATGCTTCAATCTCTGAACCAC -3,
fosA7R 5'- CCGAAACGCATTCCAGAGTA -3'. All PCR
products were confirmed by direct sequencing.

RESULTS

A collection of 16 STEC isolates (13 isolates from
calves with NCD signs, two isolates from a calf without
signs of NCD and one isolate from an ileum sample of a
dead calf with NCD) were characterised.

47



UMPIERREZ ET AL
SUBTYPES OF STX1 AND STX2

Four Shiga toxins subtypes were detected by PCR.
Some STEC isolates presented more than one variant of
subtypes simultaneously. All szx/+ isolates were typed as
stxla+ (15 isolates), 6 of them were also stx/c+ and one
presented a stx/a+/stxlc+/stx2e+ genotype (table 1). In
addition, 2 isolates were stx/a+/stx2e+ simultaneously and
1 isolate was stx2a+ (table 1). Gene variants stx1d, stx2b,
stx2c, stx2d, stx2f and stx2g were not detected.

PRESENCE OF ANTIGEN 43 GENE

Ag43 subfamily II, was predominant among STEC
isolates (n=8), while only 2 isolates were assigned to Ag43
subfamily I (table 1). The rest of the isolates (n=6) were
ag43 negative (table 1).

O-SEROGROUPING AND PHYLOTYPES

Two E. coli serogroups were detected by PCR. Five
STEC isolates were ascribed to O103 serogroup, whereas
6 isolates were ascribed to O111 (table 1). The remaining
5 isolates were not assigned to any of the 8 serogroups
evaluated (31.3% of the isolates) (table 1).

On the other hand, STEC phylotyping showed high
diversity. Fifty per cent of the isolates were classified as
B1 (n=8) (table 1), and the rest were classified as follows:
4 belonged to E phylogroup, 2 to A phylogroup, 1 to F
phylogroup and one to C phylogroup (table 1).

CLONAL RELATEDNESS OF STEC ISOLATES

A total of 13 distinct restriction patterns of the 16
STEC isolates were detected using >85% of similarity of
the Dice coefficient (figure 1). A high level of diversity
amongst isolates was observed, however, isolates with
the same herd-origin were more genetically similar to
each other and as a consequence showed more similar
restriction patterns. Two isolates from 1 animal with
symptoms of NCD (isolates AD1.5 and AD1.6) were
considered indistinguishable from each other (figure 1).
STEC isolates AC3.1 and AC3.10 from an asymptomatic
animal were considered indistinguishable from each
other (figure 1). Additionally, isolates AD1.7 and AD 7.2
coming from different animals but from the same farm,
were considered identical (figure 1).

PHENOTYPIC AND GENOTYPIC ANTIMICROBIAL
RESISTANCE OF STEC

STEC isolates were mostly susceptible to antibiotics.
Ten out of 16 (62.5%) of the isolates were resistant
to AMP, whereas 4/16 (25%) were susceptible to all
antibiotics tested. Ten STEC isolates were resistant to
beta-lactams (10 isolates were resistant to ampicillin),
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3 STEC isolates were resistant to ciprofloxacin and 2
STEC isolates were resistant to fosfomycin trometamol
(table 1). The isolate from the ileum sample was the only
one resistant to 3 antibiotics: ampicillin, gentamicin and
fosfomycin trometamol, whereas 2 STEC isolates were
ciprofloxacin- ampicillin-resistant (table 1).

PMQR genes were evaluated in 3 isolates that showed
resistance or intermediate susceptibility to CIP: ADI.5,
AD1.6 and AC3.1 (table 1). None of the 7 PMQR genes
was detected. Otherwise, FOT gene fosA7 was detected
in 1 STEC isolate: 16.16 (table 1).

DISCUSSION

STEC infections in humans constitute a global health
concern and are endemic in Latin America, accounting
for almost 2% of acute diarrhoea cases and 20%-30% of
bloody diarrhoea (Torres et al., 2018). STEC colonises
the gastrointestinal tract of cattle, which are mainly
asymptomatic carriers, and only under specific circumstances
can develop diarrhoea. It can adapt and survive in different
environments such as soil and water and contaminates
food, meat, and dairy products, through which it can
reach and infect other animals and humans (Daly & Hill,
2016). Non-O157 STEC isolates have increasingly been
reported associated with human outbreaks (Bettelheim &
Goldwater, 2014).

The severity of STEC infections is determined by
the interaction of both host and microorganism factors.
Regarding the bacterial virulence profile, all detected
Stx subtypes in the present study are linked to illness
in humans (EFSA BIOHAZ Panel, 2020). We detected
stxla+c (n=8) and stx/a (n=6) genotypes in high proportion
amongst isolates, which were similar to previous reports
in non-O157:H7 STEC isolates from cattle faeces in the
United States (Shridhar ef al., 2017) and the occurrence of
stxla together with stx2a, stx2c, or stx2d have also been
described in STEC isolates from bovine origin in China
(Fan et al., 2019). In this study, stx/a/stx2e and stxla+c/
stx2e genotypes were detected. Stx2e is associated with
mild gastroenteritis in humans, while it is the most frequent
Stx subtype in pigs, wild boars, and their meat products
(Beutin et al., 2008). Additionally, stx2a gene variant,
widely associated with HUS, was detected in one isolate
from an animal with signs of NCD. This is the first report
of the presence of this variant in non-O157 STEC isolates
from calf origin in our country.

Autotransporter protein Ag43 has been linked to
pathogenic O157 and non-O157 E. coli strains and is
associated with autoaggregation, cell-cell interaction with
the host and biofilm formation (Matheus-Guimaries et al.,
2014). It has been observed that the main role of Ag43
depends on the presence of other virulence factors like
adhesins, and the genetic background of the strain (Carter
et al., 2017). In this work, both Ag43 subfamilies were
detected. Subfamily II (the Calcium-binding Antigen43
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Homologue, Cah) was detected in 14 isolates, while two
STEC isolates were Ag43 subfamily I, positive. It has been
observed that the gene that codes for subfamily II (cah)
has a high mutation rate, which is associated with the
adaptability of STEC to different environments (Carter et al.,
2017). On the other hand, Ag43 subfamily I, is not present
in LEE+ strains since it is encoded in LAA pathogenicity
island (Locus of Adhesion and Autoaggregation) (Montero
et al., 2017). Primers to detect both subfamilies used in
this work were designed based on a difference of 270bp
between them, and subfamily I could not be found in
STEC LEE+ isolates. Therefore, it is probable that our
STEC LEE+ isolates present heterogenicity among this
gene, which may be due to distinct functions that could
favour an in-host or environmental status.

The major serogroup associated with STEC infections
in humans still is E. coli O157:H7, the first serogroup
recognised causing enteric bloody diarrhoea (EFSA
BIOHAZ Panel, 2020). However, other STEC serogroups
are now recognised as important food and water-borne
pathogens. Among them, the “big six” group of strains is
frequently detected in HUS cases (Shridhar et al., 2017).
In this work, O103 and O111 were the only serogroups
detected. Five STEC isolates were ascribed to the 0103
serogroup (three isolates from a bovine with NCD signs
and two isolates from a calf without signs) whereas six
isolates were ascribed to O111. The remaining five isolates
could not be assigned to any of the evaluated serogroups
(31.3% of the isolates). Considering that there are over
1150 published STEC serotypes, these isolates probably
could be assigned to other than the “big six”. O103 and
O111 serogroups have been previously determined in cattle
(Thomas et al., 2012, Bibbal et al., 2015, Jajarmi et al.,
2017, Rivelli Zea et al., 2020), their faeces (Blanco et al.,
2004, Cernicchiaro et al., 2013) and carcasses (Cap et al.,
2019), in countries from South America and other regions.
On the other hand, the isolation of STEC O111 in bloody
diarrhoea cases has been reported in our country (Varela
et al., 2008), which demonstrates a previous circulation
of this serogroup. Also, a positive correlation between the
presence of the virulence-marker gene eae in non-O157
STEC and the occurrence of HUS have been established
(Yang et al., 2020b), an affirmation that agrees with the
assumption that non-O157 STEC LEE+ isolates from this
study could be harmful to human.

It is well known that E. coli isolates from different
sources of isolation usually belong to different phylogroups
(Clermont et al., 2013). Therefore, it would be expected
that the STEC isolates of bovine origin of this work all
belong to the same phylogroup. However, five different
phylogroups were determined. According to the molecular
assignment, 50% (8/16) of the isolates were classified as B1.
This observation is consistent with reports which indicate
that B1 is mainly present in the microbiota of domestic
animals, often associated with intestinal commensal and
pathogenic E. coli (Tenaillon et al., 2010). The second
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most frequently detected phylogroup was E (4/16). It has
recently been reported that this phylogroup predominantly
includes O157:H7 strains (Tenaillon ef al., 2010). The A
phylogroup has been also associated with commensal/
intestinal pathogens, and in this work was assigned to 2/16
STEC isolates. Finally, C and F phylogroups were each
represented with 1/16 of the isolates. Both phylogroups
have been proposed to be sister groups of B1 and B2,
respectively (Clermont et al., 2013).

When the clonal relatedness of the isolates was analysed,
a high level of diversity amongst isolates was observed.
PFGE profiles showed 13 distinct restriction patterns out
of 16 STEC isolates. We only found two indistinguishable
band patterns within animals (the pair of isolates: AD1.5 and
AD1.6/AC3.1 and AC3.10 came each from one animal),
and within a bovine herd (isolates AD1.7 and AD 7.2 came
from different animals but from the same herd). Further,
more than one band pattern was detected within bovine
herds. When we looked out serogroups, we detected that
STEC isolates ascribed to the 0103 were closely related; and
those ascribed to the O111 serogroup were closely related
too. Similar results from PFGE analyses were previously
determined in STEC isolates from cattle origin (Bibbal
et al., 2015, Bumunang et al., 2019), which reaffirms the
role of bovine as non-O157 STEC strains reservoirs.

It has been observed that antibiotic resistance in non-
0157 STEC isolates from animal origin is higher than
in O157 STEC strains (Mir & Kudva, 2019). Likewise,
multidrug resistance is frequently associated with non-O157
STEC strains with eae+/stx1+ virulence profiles (Mora et al.,
2015). In the present study, 11 antibiotics were evaluated
using the Kirby-Bauer method. AMP resistance was the most
frequent amongst isolates (62.5%), and it was determined in
the following arrangements: AMP (n=7), AMP/CIP (n=2),
and AMP/CN/FOT (n=1) being the last one the only isolate
considered MDR. Finally, one isolate was only FOTR and
1 isolate was only CIPR. The high percentage of resistance
to AMP agrees with the fact that -lactams are the most
used antibiotics in animals and with previous reports by our
group, although the antibiotic resistance profiles then were
considerably higher in numbers and included resistance to
cephalosporins and trimethoprim-sulfamethoxazole among
others (Umpiérrez et al., 2017, 2021). Even though isolates
were in general susceptible to the tested antibiotics, 5/12
of the resistant isolates were also classified as O111 and
3/12 were classified as O103. In previous works, O111
serogroup has been associated with multidrug-resistant
non-0157, eae+ STEC isolates (Mora et al., 2015).
Particularly it has been associated with resistance levels
higher than 25% to ampicillin, amoxicillin-clavulanic acid,
cephalothin, trimethoprim-sulfamethoxazole, tetracycline,
chloramphenicol and streptomycin. Meanwhile, 0103 STEC
isolates have been associated with low resistance levels,
except for trimethoprim-sulfamethoxazole, tetracycline and
streptomycin (Schroeder et al., 2002, Amézquita-Lépez
etal.,2016). Even though non-O157 STEC isolates of this



study were mainly susceptible to antibiotics, it is important
to state that they were screened from a large collection of E.
coliisolates, in which the percentage of antibiotic resistance
is significant (Umpiérrez et al., 2017). In that collection,
MDR isolates represented a substantial source for antibiotic
resistance genes. In this study, we also detected the presence
of the fosA7 gene (STEC isolate 16.16), which confers
resistance to fosfomycin. The presence of this gene has been
reported in environmental E. coli isolates and Salmonella
spp. from animal and human origin (Rehman et al., 2017,
Balbin et al., 2020). Resistance to fosfomycin is a major
concern in human health. In our country, on the one hand,
it is within the scarce therapeutic resources available for
infections of multi-resistant microorganisms (Seija et al.,
2015) and, on the other, it is one of the first therapeutic
options for urinary tract infections (Garcia-Fulgueiras
et al., 2021). Recently, we have reported the presence of
fosA3 in animals belonging to the food-production chains
(Coppola et al., 2020). With this scenario, the detection of
fosA7 in production chain animals reinforces the need to
monitor the presence of this mechanism with a One Health
concept. To the best of our knowledge, this is the first
study to report on the fosA7 gene in STEC from bovines in
Uruguay. Considering the critically important antimicrobials
for human medicine list published periodically by WHO
(World Health Organization & WHO Advisory Group on
Integrated Surveillance of Antimicrobial Resistance, 2017),
dissemination of resistance to such antibiotics through
non-O157 STEC isolates of calf origin did not seem to
be of human or animal health concern.

It is concluded that studies encompassing molecular
characterisation of non-O157 STEC of calf origin are on
the rise, due to an increase in detecting these serogroups
associated with severe disease in humans. Although in this
study the number of evaluated isolates from cattle was low,
the virulence profiles, including the confirmation of Shiga
toxin subtypes stx/a and stx2a, and serogroups O103 and
O111 (the last one, has been reported in human infections
in our country), denote the harmful potential of them for
humans. We also observed some genetic heterogeneity among
the Ag43 gene, which could be associated with adaptation to
different niches. Finally, circulating non-O157 STEC LEE+
from cattle faeces were not from one cluster only and showed
high genetic heterogeneity, being in general susceptible to
antibiotics. Further investigations with a higher number of
STEC are needed to confirm these observations.

The spread of STEC isolates to the environment through
bovine faeces is always a source of concern to human
health, but also represents a way to contaminate the dairy
environment, which increases the probability of bovine
infections within a herd. Results from this study call for
attention regarding the virulence profile and transferable
resistance genes of non-O157 STEC LEE+ isolates, that
could cause severe disease to humans and denote the
essentiality of determining how they persist and transmit
in the dairy environment.
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ORIGINAL ARTICLE

Captive collared peccary carries ESBL-producing diarrheagenic
Escherichia coli pathotypes

Conrado Quifionez Balbuena?, Carlos Tejeda CruzP, Carlos Ibarra Martinez”,
Maria Angela Oliva Llaven®, Mariela Reyes Sosa®, Carlos Alfredo Carmona Gasca¥,
Sergio Martinez Gonzalezd, Javier Gutiérrez Jiménez®, Gerardo Uriel Bautista Trujillo*

ABSTRACT. Collared peccaries (Pecari tajacu) roam the forests of natural areas in America. Wild collared peccary appears to be a
carrier for bacteria associated with infections in humans and animals, however, the presence of diarrheagenic E. coli (DEC) pathotypes
has not been studied in the captive collared peccary. This study aimed to study the prevalence of DEC, the susceptibility to antibiotics,
and the frequency of B-lactamase genes (ESBL) in captive collared peccary faeces. DEC strains were identified in 44.4% (N=56) of
the E. coli-carrying peccaries under study. The following DEC strains were identified: ETEC (35.7%), EAEC (28.6%), STEC (21.4%)
and EPEC (14.3%). Most of the identified DEC strains belonged to clade I (58.9%). The genetic marker rfbO157 was not found in any
STEC strain. Of the DEC strains, 67.9% (N=38) were considered multidrug resistant and were not susceptible to ampicillin (75%)
nor to carbenicillin (51.8%). The combination of the genes blaTEM + blaCTX and blaTEM + blaSHV (6 strains respectively) was the
most frequent among the DEC strains. It is concluded that captive collared peccaries are carriers of DEC strains that carry 3-lactamase
blaTEM, blaCTX and blaSHV genes and are not susceptible to ampicillin. Given the current efforts of the Wildlife Management Units
(WMU) to reintroduce the collared peccary into natural areas, these captive collared peccaries act as carriers of diarrheagenic E. coli
strains and therefore a potential source of gastrointestinal disease in humans and animals.

Key words: B-lactamase, carrier, diarrheagenic pathotypes, Pecari tajacu, wildlife management Unit.

INTRODUCTION

The collared peccary Pecari tajacu is a gregarious
species distributed from the southeast of the United
States to Argentina. It is considered a predator and a seed
disperser in tropical forests, deserts, and deforested areas
(Marinho et al., 2019). Currently, the International Union
for the Conservation of Nature (IUCN2019-1) and the
Official Mexican Standard NOM-059-SEMARNAT-2010
(PROFEPA 2010) classify peccaries as a species of least
concern (LC).

Collared peccaries roam the jungles and forests of
Mexico. They are thus vulnerable to hunting and habitat
destruction. Wildlife Management Units (WMU) have
developed several strategies for the sustainable management
of the species for the purpose of conservation, recovery,
reproduction, and reintroduction (Sisk et al., 2007). Previous
studies have shown that wild collared peccaries can carry
bacteria and viruses associated with infections in humans
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and domestic animals, such as Clostridium perfringens
type A and multiple serotypes of Salmonella spp. (Shender
et al., 2009), shiga toxin-producing Escherichia coli (Jay-
Russell et al., 2014), Mycobacterium hyopneumoniae,
Pasteurella multocida, circovirus type 2 (PCV2) and
herpesvirus type 1 (SuHV) (de Castro et al., 2014). The
prevalence of Leptospira spp. (78%) in collared peccaries
was recently reported, the most frequent serovars are
bratislava, grippotyphosa, icterohaemorrhagiae and pomona
(Montenegro et al., 2018). Collared peccaries have also
been found to harbour classical swine fever virus (5%),
porcine circovirus type 2 (7%) and vesicular stomatitis
(33%). They also share pathogens with domestic and
wild pigs (Sus scrofa) (Montenegro et al., 2018; Molina-
Barrios et al., 2018).

Although some efforts have been made to understand
the role of captive collared peccaries as pathogen carriers
(de Carvalho et al., 2011), their role as carriers of
diarrheagenic Escherichia coli (DEC) pathotypes is still
unknown. The DEC group includes enterotoxigenic E. coli
(ETEC), enteropathogenic E. coli (EPEC), enteroinvasive
E. coli (EIEC), Shiga toxin-producing E. coli (STEC),
enteroaggregative E. coli (EAEC), and diffusely adherent
E. coli (DAEC), DEC pathotypes are associated with
gastrointestinal infections in humans and animals (Croxen
et al., 2013; Shabana et al., 2013; Tamayo et al., 2021).
Enterohaemorrhagic E. coli (EHEC) is a subgroup of STEC
strains associated with diarrhoea and haemorrhagic colitis,
occasionally progressing to haemolytic uremic syndrome
(HUS), which can have serious consequences in humans,
including death (Oh et al., 2016). Escherichia coli can contain
several antibiotic resistance genes, including those that
encode extended spectrum B-lactamases (ESBL) (Faridah
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et al., 2020). Therefore, understanding the mechanisms
of E. coli dissemination is a necessary step in finding a
solution to the growing worldwide incidence of multidrug
resistant (MDR) and extensively resistant (XDR) bacterial
strains (Taghadosi ef al., 2019).

This study aimed to identify the role of captive collared
peccaries as a carrier of ESBL-producing diarrheagenic
Escherichia coli pathotypes. This would allow designing
sanitary measures to mitigate the potential of collared
peccaries to spread pathogens of public health importance
as a consequence of their management and a possible
reintroduction to natural areas. The objective of this
research was to study the prevalence of diarrheagenic
Escherichia coli pathotypes that colonise the intestine of
collared peccaries (Pecari tajacu) in captivity. In addition,
this study aimed to find out if the DEC strains identified
in captive collared peccaries are associated with antibiotic
resistance and, if so, the genes involved. To do this, the
susceptibility of DEC strains to commonly used antibiotics
and the frequency of genes that encode extended spectrum
B-lactamases (ESBL) were determined.

MATERIAL AND METHODS
PECCARY SAMPLING

Between the autumn of 2017 and the summer of 2019,
140 clinically healthy collared peccaries with no record
of antibiotic therapy were selected among a group kept
in 11 intensive wildlife management units (WMU) in the
state of Chiapas, Mexico. The specimens of these WMU
were obtained by purchase, donation, under protection
or loan, and their origin may be wild or captivity. Animal
studies were approved by the Ethics Committee of the
University of Sciences and Arts of the state of Chiapas
(approval #049/02-2018).

In the WMU, an average of 25 peccaries were kept in
roofless cages averaging 8 x 24 meters in size, with floors
made of dirt, logs or twigs, and walls commonly made of
stone and steel mesh. Their daily diet consisted mainly of
seasonal agricultural waste and food waste from homes,
restaurants and markets: ears of corn, plant waste such as
rhizomes (ginger, sugar cane, bamboo, among others),
tubers (potato, cassava, sweet potato, carrot, jicama,
radishes, among others), bulbs (onion, leek, garlic, among
others) and fruits (cucumber, tomato, papaya, watermelon,
among others); water was supplied ad libitum in concrete
or wood drinking troughs.

ISOLATION OF E. COLI AND IDENTIFICATION OF DEC
STRAINS

The peccaries were transferred to a wooden corridor
(average measurements: 1 m high, 1.20 m long and 60 cm
wide) with a liftgate at each end to carry out the sampling.
Faeces samples were collected by introducing a swab into
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the rectum of the animal, and then into agar gel medium
or Stuart transport medium (Copan Diagnostics, Inc.) for
transfer to the laboratory. The swabs were inoculated onto
Eosin Agar and Methylene Blue (BD-BBI™) plates and
vatted at 37 °C for 24 hours. Up to 10 lactose fermenting
colonies were selected and analysed by standard biochemical
tests. Plates of MacConkey Agar with sorbitol were used
simultaneously to promote the growth of EHEC serotype
0157: H7. The genetic identification of the E. coli strains was
carried out by amplifying the uidA gene (Tsai et al., 1993).

IDENTIFICATION OF DIARRHEAGENIC PATHOTYPES OF E.
COLI BY POLYMERASE CHAIN REACTION (PCR)

In the PCR, the E. coli strain ATCC® 25922 TM was
used as a negative control. The following strains were used
as positive control: STEC EDL933 (O157: H7), EAEC 042
(044: H18), ETEC H10407 (O78: H11), EPEC E2348-69
(0127: H6) and EIEC E11 (O124NM). The strains were
provided by Dr. Teresa Estrada Garcia from CINVESTAY,
Mexico, and were kept in the bacteriological collection of
the University of Sciences and Arts of Chiapas (Universidad
de Ciencias y Artes) (Gutiérrez-Jiménez et al., 2015). To
obtain the DNA, the selected colonies were suspended in
1 mL of deionized water and the preparation was boiled
for 10 min. The suspension was centrifuged at 10,000
rpm for 5 min and the supernatant containing DNA was
removed and stored at -80 °C. Specific primers were used
to amplify the Enteroaggregative E. coli (EAEC) aap,
aggR, and AAprobe genes using the technique described
by Cerna (Cerna et al., 2003).

For Shiga toxin-producing E. coli (STEC) (stx1 and
stx2 genes), Enteropathogenic E. coli (EPEC) (bfpA and
eaeA genes), Enterotoxigenic E. coli (ETEC) (It and st
genes), and Enteroinvasive E. coli (EIEC) (ial gene), the
targets and conditions used were those previously described
(Lépez-Saucedo et al., 2003). Shiga toxin-producing E.
coli O157 was studied by amplifying the rfb gene (specific
O-polysaccharide) (Paton & Paton, 1998).

The E. coli strains were classified by quadruplex PCR
into seven phylogroups: A, B1, B2, C, D, E, F, and the
crypto Clado I, based on the presence or absence of the
genes chuA, yjaA, arpA and trpA, as well as the TSPE4 C2
DNA fragment (Clermont et al., 2013). The amplification
of the extended spectrum B-lactamase genes blaTEM,
blaSHV, blaCTXM, blaOXA and blaCMY was carried
out using the primers and conditions previously reported
(Ahmed et al., 2007). Table 1 shows the sequences of the
primers and the PCR conditions used in this study.

ANALYSIS OF ANTIMICROBIAL SUSCEPTIBILITY

The following antimicrobial susceptibility discs (BD
BBL™ Sensi-Disc™) were used with first-line antibiotics
commonly used of different antimicrobial categories:
B-lactam: ampicillin (AMP; 10 pg), carbenicillin (CAR;
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Tablel. Primers used in this study.

Primer pair Sequence (5°-37) Target Encoded protein Size (bp) Reference
uidAF AAAACGGCAAGAAAAAGCAG . ) .
WidAR ACGCGTGGTTAACAGTCTTGCG uidA B-glucuronidase 147 (Tsai et al., 1993)
F CTTGGGTATCAGCCTGAATG i
aap aap  Aggregativeadherence 310 (Ccoma eral, 2003)
aapR AACCCATTCGGTTAGAGCAC fimbria
F CTAATTGTACAATCGATGTA ot
agg aggR Transcriptional 457 (Cernaet al., 2003)
aggR AGAGTCCATCTCTTTGATAAG activator
I’;ﬁbeF CTGGCGAAAGACTGTATCAT A . ;
AA robe r(iéir?%rg;sfaolr(gr 629 (Cerna et al., 2003)
CAATGTATAGAAATCCGCTGTT P P P
probeR
ItFf GGCGACAGATTATACCGTGC Spez-
It Heat-labile enterotoxin 450 (Lépez-Saucedo et al.,
ItRr CGGTCTCTATATTCCCTGTT 2003)
stFf ATT TTTCTTTCTGTATTGTCTT Snez-
s st Heat-stable enterotoxin 190 (L6pez-Saucedo et al.,
stRr CACCCGGTACAAGCAGGATT 2003)
bfpA Bundle-fi 1 324 ”
bfpAr GCCGCTTTATCCAACCTGGTA i Hndie-loring prt 2003)
eaeAf GACCCGGCACAAGCATAAGC caeA Structural gene for 384 (Lépez-Saucedo et al.,
cacAr CCACCTGCAGCA ACA AGA GG intimin 2003)
Lalf GGT ATG ATG ATG ATG AGT CCA ial Invasion-associated 650 (Lépez-Saucedo et al.,
Talr GGA GGC CAA CAA TTA TTT CC locus 2003)
Stx1F CTGGATTTAATGTCGCATAGTG i . (Lépez-Saucedo et al
stx1 Shiga toxin 1 150 v
Stx1R AGAACGCCCACTGAGATCATC 2003)
Stx2F GGCACTGTCTGAAACTGCTCC Spez-
x stx2 Shiga toxin 2 255  (Lopez-Saucedo et al.,
Stx2R TCGCCAGTTATCTGACATTCTG 2003)
O157F CGGACATCCATGTGATATGG (SacAr] .
rfbo1s7 Polisacdridoespecifico 559 (pyion & Paton, 1998)
0157R TTGCCTATGTACAGCTAATCC o
huA.1b ATGGTACCGGACGAACCAAC i
e chuA Membrane hemin 288 (Clermont ef al., 2013)
chuA.2 TGCCGCCAGTACCAAAGACA receptor
yja.1b CAAACGTGAAGTGTCAGGAG ) ,
. yjaA Stress response protein 211 (Clermont et al., 2013)
yja.2b AATGCGTTCCTCAACCTGTG
ArpAgpE.f GATTCCATCTTGTCAAAATATGCC
PP arpa  Regulatorofacetyl 30 (cponont ol 2013)
ArpAgpEr  GAAAAGAAAAAGAATTCCCAAGAG CoA synthetase
trpAgpC.1 AGTTTTATGCCCAGTGCGAG ,
trpA Operon leader peptide 219 (Clermont et al., 2013)
trpAgpC.2 TCTGCGCCGGTCACGCCC
trpBA.f CGGCGATAAAGACATCTTCAC trpA
(control  Operon leader peptide 489 (Clermont et al., 2013)
trpBA.1 GCAACGCGGCCTGGCGGAAG interno)
TSPE4C2 f CACTATTCGTAAGGTCATCC
TspE4.c2 ~ Anonymous DNA 152 (Clermont et al., 2013)
TSPE4C2 r AGTTTATCGCTGCGGGTCGC fragment
blaTEMf ATAAAATTCTTGAAGACGAAA
blaTEM  beta-lactamase TEM 1080 (Ahmed er al., 2007)
blaTEMr GACAGTTACCAATGCTTAATC
blaSHVT TTATCTCCCTGTTAGCCACC
blaSHV beta-lactamase SHV 795 (Ahmed et al., 2007)
blaSHVr GATTTGCTGATTTCGCTCGG
blaCTXM f CGCTTTGCGATGTGCAG
blaCTXM beta-lactamase CTX M 550 (Ahmed et al., 2007)
blaCTXM r ACCGCGATATCGTTGGT
blaOXAf TCAACTTTCAAGATCGCA
blaOXA  beta-lactamase OXA 591 (Ahmed et al., 2007)
blaOXAr GTGTGTTTAGAATGGTGA
blaCMYf GACAGCCTCTTTCTCCACA MeCMY  betal oMY 1000 Almed ef al.. 2007
blaCMYr TGGAACGAAGGCTACGTA ¢ cla-lactamase (Ahmed et al., 2007)
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100 pg) and oxacillin (OXA; 1 pg); aminoglycosides:
amikacin (AMK; 30 pg), netilmicin (NET; 30 ug) and
gentamicin (GEN; 10 pg); cephalosporins: cephalothin
(CEF; 30 pg) and cefotaxime (CTX; 30 ug); quinolones:
ciprofloxacin (CIP; 5 pg) and norfloxacin (NOR; 10
pg); phenicols: chloramphenicol (CHL; 30 pg); folate
inhibitors: trimethoprim-sulfamethoxazole (SXT; 25
pg); furans: nitrofurantoin (NIT; 300 pg); Tetracyclines:
Tetracycline (TET; 30 pg). B-lactam-resistant strains were
subsequently analysed using the disc diffusion method
with amoxicillin-clavulanic acid discs (AMC; 20/10
pg). The antibiotics and the disk diffusion method were
used following the recommendations of the Clinical and
Laboratory Standards Institute (Wayne, 2020). The E.
coli strain ATCC® 25922 TM was used as a negative
control and STEC EDL933 (O157: H7) as the positive
control. Escherichia coli strains (including intermediate
and resistant phenotypes) not susceptible to at least three
antibiotics and from different antimicrobial categories
were classified as multidrug resistant strains (MDR),
while strains not susceptible to at least one antibiotic and
belonging to each of the tested antimicrobial categories
were classified as Extensively Drug-Resistant (XDR)
(Magiorakos et al., 2012).

STATISTICAL ANALYSIS

The prevalence of E. coli pathotypes, identified
phylogenetic groups, resistance to antibiotics and the
frequency of ESBL genes were analysed using descriptive
statistics. The proportion of molecular markers among DEC
strains was determined by binomial test. The two-tailed
Fisher’s exact test was used to test for associations between
the categorical variables (when the expected frequencies
were under 5), with a significance level of P<0.05. The
statistical analysis was carried out using the IBM SPSS
statistical package (Chicago SPSS Inc).

RESULTS
IDENTIFICATION OF DIARRHEAGENIC E. COLI

One hundred and twenty-six (90%) strains of E. coli
were isolated from faecal samples of 140 captive collared
peccaries. DEC strains were identified in 44.4% (N = 56)
of the peccaries carrying E. coli. Among the DEC strains,
ETEC (35.7%) was the category with the highest prevalence,
followed by EAEC (28.6%), STEC (21.4%) and EPEC
(14.3%). The PCR analysis showed a statistically significant
prevalence for the ETEC and EAEC categories. No EHEC
strain was detected on MacConkey/sorbitol agar plates,
these strains did not carry the eae and hlyA genes, and the
genetic marker rfbO157 was not amplified by PCR in any
of the STEC strains (table 2).

PCR was used to determine the phylogenetic group of
DEC strains isolated in captive collared peccary. Among
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Table 2. DEC strains and their virulence genes isolated in Pecari
tajacu from Chiapas, Mexico.

Faeces samples with DEC Virulence gene:
pathotype: % (N) % (N)

ETEC: 35.7 (20) It, st: 30.3 (17) 0.001
st: 3.6 (2)
It: 1.8 (1)
aap, AA probe: 25 (14)  0.01
AA probe: 3.6 (2)
stx1:12.5 (7) 0.08
stx1 stx2: 8.9 (5)
bfpA, eaeA: 10.7 (6) 0.15
eaeA: 3.6 (2)

EAEC: 28.6 (16)

STEC: 21.4 (12)

EPEC: 14.3 (8)

Total: 100 (56)

the identified strains of E. coli (N= 56), the highest number
of DEC strains were grouped in Clade I (58.9%), followed
by the phylogroup B2 (10.7%) and A (8.9%). Some DEC
strains could not be assigned to any known phylogroup
(21.4%).

ANTIMICROBIAL SUSCEPTIBILITY OF DEC STRAINS

Three-thirds of the DEC strains were not susceptible
to the antibiotic ampicillin (75%), while half of the strains
were not susceptible to carbenicillin (51.8%). Resistance to
ampicillin was also found in EAEC (81.3%), ETEC (80%),
EPEC (62.5%) and STEC (50%) (table 3). Among the DEC
strains not susceptible to ampicillin, 88.1% (N=37) were
susceptible to the antibiotic amoxicillin-clavulanic acid.
Sixty-seven-point nine per cent (67.9%; N = 38) of the
DEC strains were not susceptible to at least one antibiotic
in three different categories of antimicrobials; thereby, these
strains were considered Multidrug Resistant (MDR). No
DEC strain was classified as Extensively Drug-Resistant
(XDR). In general, most of the strains were susceptible
mainly to chloramphenicol (94.6%), gentamicin (92.9%),
amoxicillin-clavulanic acid (91.1%), sulfamethoxazole
trimethoprim (89.3%) and tetracycline (87.5%).

The PCR was used to determine the frequency of genes
encoding B-lactamase in the 42 DEC strains not susceptible
to ampicillin. The combination of the genes blaTEM +
blaCTX and blaTEM + blaSHV (6 strains respectively)
was the most frequent among the DEC strains, followed
by the combination of the blaTEM and blaCTX genes
(4 strains respectively). The blaTEM (N=3) and blaCTX
(N=3) genes were amplified more frequently among ETEC
strains not susceptible to ampicillin. In the EAEC strains,
both blaTEM + blaCTX genes were amplified (N=3). In
STEC strains susceptible to ampicillin, both blaTEM +
blaCTX and blaTEM + blaSHV genes were amplified
(2 strains, respectively) (table 4).



Table 3. Antimicrobial non-susceptibility of DEC strains (56).
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Diarrheagenic Escherichia coli pathotypes

% non-susceptibility (n)

Antimicrobial DEC ETEC EAEC STEC EPEC
(N=56) (N=20) (N=16) (N=12) (N=8)
AMP 75 (42) 80 (16) 81.3 (13) 50 (6) 62.5 (5)
AMC 8.9 (5) 10 (2) 0 16.7 (2) 12,5 (1)
CAR 51.8 (29) 60 (12) 37.5(6) 50 (6) 62.5 (5)
OXA 10.7 (6) 15(3) 6.3 (1) 16.7 (2) 0
AMK 12.5(7) 5(1) 12.5(2) 25(3) 12.5 (1)
GEN 54(3) 5(1) 6.3 (1) 8.3 (1) 0
NET 33.9(19) 45 (9) 31.3(5) 25(3) 25(2)
CEF 10.7 (6) 5(1) 12.5(2) 16.7 (2) 25(2)
CTX 32.1 (18) 30 (6) 31.3(5) 25 (3) 50 (4)
CIP 37.5 (21) 40 (8) 50 (8) 333 (4) 12.5 (1)
NOR 30.4 (17) 35(7) 37.5(6) 25 (3) 12.5 (1)
CHL 3.6 (2) 10 (2) 0 8.3 (1) 12.5 (1)
SXT 54(3) 5(1) 0 8.3 (1) 12.5 (1)
NIT 12.5(7) 5(1) 12.5(2) 25(3) 12.5 (1)
TET 8.9 (5) 5(1) 6.3 (1) 25(3) 0

AMP; Ampicillin, AMC; Amoxicillin-clavulanic acid, CAR; Carbenicillin, OXA; Oxacillin, AMK; Amikacin, GEN; Gentamicin, NET; Netilmicin,
CEF; Cephalotin, CTX; Cefotaxime, CIP; Ciprofloxacin, NOR; Norfloxacin, CHL; Chlorampphenicol, SXT; Trimethoprim-sulfamethoxazole, NIT;
Nitrofurantoin, TET; Tetracycline.

Table 4. Genes of extended spectrum B-lactamase producing DEC strains isolated in collared peccary.

DEC Non susceptible profile B-lactamase gene
groups
(n) AMP Gene Number of isolates
DEC (56) 42 blaTEM 4
blaCTX 4
blaTEM+blaCTX 6
blaTEM+blaSHV 6
ETEC (20) 16 blaTEM 3
blaCTX 3
blaTEM+blaSHV 2
EAEC (16) 13 blaTEM+blaCTX 3
blaTEM 1
blaTEM+blaSHV 1
STEC (12) 6 blaTEM+blaCTX 2
blaTEM+blaSHV 2
EPEC (8) 5 blaCTX 1
blaTEM+blaCTX 1
blaTEM+blaSHV 1
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DISCUSSION

In several countries of the Americas, sustainable strategies
for the conservation, reproduction, and reintroduction of
collared peccary have been proposed through Wildlife
Management Units (WMU) (Sisk et al., 2007). The present
study showed that 44.4% of the E. coli strains isolated in
collared peccary faeces kept in WMU are carriers of genes
that encode virulence factors of diarrheagenic pathotypes,
mainly ETEC (It and st) and EAEC (aap and AA probe),
followed by STEC non-O157 (stx1 and s#x2) and EPEC
(bfpA and eaeA). The DEC virulence is mainly based on
the ability to produce isoforms of the encoded protein
related to infections in humans (Taghadosi et al., 2018;
Angulo et al., 2021; Alfinete et al., 2022). These results
are consistent with previous studies demonstrating that the
wild collared peccary is a carrier of bacteria associated with
humans and domestic animals. In the southern areas of the
United States, isolates of Clostridium perfringens type A
and multiple Salmonella serotypes were reported in wild
Pecari tajacu (Shender et al., 2009), in addition to other
possible Salmonella and STEC non-O157 serotypes (Jay-
Russell et al., 2014). Other bacteria have been reported in
the collared peccary, such as Mycoplasma hyopneumoniae,
P. multocida (de Castro et al., 2014), Brucella and different
serovars of Leptospira (Mendoza et al., 2007; Montenegro
et al., 2018). However, to date there are no reports on the
prevalence of diarrheagenic pathotypes of E. coli in captive
collared peccary.

The present study demonstrated a higher prevalence
of virulence genes of DEC pathotypes in captive collared
peccaries compared with the prevalence of stx/, eaeA
and hlyA showed in a study conducted on wild collared
peccaries (Jay-Russell et al., 2014). This suggests that
captive peccaries are more exposed to these pathogens.
Wild peccaries may have suitable environmental conditions
such as the type of habitat and availability of food resources
(Hernandez-Pérez, 2019). The population density of wild
peccaries is also much lower. In the WMU containing
collared peccary, food and vegetables are frequently
introduced and it cannot be ruled out that plant material
can spread diarrheagenic E. coli strains; there is evidence
that these products can be a reservoir of multidrug resistant
bacteria harbouring antibiotic resistance and virulence
genes (Richter et al., 2021).

The presence of livestock also plays an important role
in the dissemination of this bacteria to the environment
and could be the main link in the contamination route to
collared peccaries. There is evidence of domestic animals
acting as carriers of strains of DEC mainly cattle (Gutema
etal.,2021), sheep, and goats (Shabana & Al-Enazi, 2020),
birds (Kimura et al., 2021) and pigs (Misumi et al., 2021).
In Mexico, DEC strains have been reported in humans
and animals (Rivas-Ruiz et al., 2020; Tamayo-Legorreta
etal.,2020). In southeastern Mexico, where the WMU of
the collared peccaries under study are located, this type of
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DEC strains have been reported in captive green iguanas
(Bautista-Trujillo et al., 2020).

A PCR-based phylogenetic group assay was performed
as proposed by Clermont et al. (2013). The highest
frequencies of the ETEC, EAEC, STEC stx1 and STEC stx2
pathotypes, as well as EPEC, were found in Clade I, with
lower frequencies in phylogroups B2 and A. Some strains
could not be assigned to a known clade. A previous study
on the characterisation of E. coli isolated in wastewater
found the highest frequency of EPEC in phylogroup B2,
followed by B1, C and A, while STEC strains were grouped
in phylogroup B1 (Cho et al., 2018). Clonal lineage strains
in diarrheic poultry, in Tunisia, which could constitute
a risk of their transfer to healthy animals and humans,
enteropathogenic (EPEC) and extraintestinal (ExPEC)
infections mainly belonging to the phylogroups B2 (Jouini
et al., 2021). The concentration of environmental strains
into different groups could be explained by the phylogenetic
variability of E. coli, based on their genetic content and
diverse lineage. A consequence of this is the difficulty to
associate pathogenic strains and commensals to a specific
phylogroup, which is why the use of molecular techniques
with greater clonal discrimination power for DEC strains
such as MLST and PFGE is suggested (Su et al., 2021).

In the present study, most (75%) of the DEC strains
isolated in captive collared peccary were not susceptible
to ampicillin, while 51.8% were not susceptible to
carbenicillin. Overall, more than half of the DEC strains
were not susceptible to at least one antibiotic from three
different categories tested (MDR), mainly beta-lactams,
aminoglycosides, cephalosporins, fluoroquinolones
and nitrofurantoin. Resistance to beta-lactams such as
ampicillin was observed in DEC isolated from canaries
(Kimura et al. 2021), pigs (Misumi et al., 2021) and
bovines, cow meat and humans (Gutema et al., 2021).
In Mexico, multidrug resistant E. coli infections are a
common occurrence, and the incidence of DEC strains
resistant mainly to ampicillin and tetracycline has been
reported in bovine faeces (Navarro et al., 2018), beef
and pork (Martinez-Vazquez et al., 2018), as well as in
humans (Castro et al., 2019). There is evidence that the
constant oral-faecal transmission of antibiotic-resistant
E. coli between animals, humans, and the environment,
favours the horizontal transfer of resistance genes between
different microorganisms sharing the same niche (Abdel-
Rhman et al., 2021; Puvaca & Frutos, 2021). This could
be the hypothesis of a possible route of dissemination of
multidrug resistant DEC strains among captive collared
peccaries; however, further research is required.

Other antibiotic resistance genes have been reported in
E. coli from livestock such as those from the polymyxins
family (Ilbeigi et al., 2021), however, efficacy is poorly
understood in the veterinary practice in Mexico (Martinez
et al., 2020). In the present study, most of the DEC
strains isolated in the captive collared peccary were not
susceptible to beta-lactams. The presence of genes coding
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for B-lactamase was evidenced in DEC strains isolated in
captive collared peccary, mainly blaTEM, blaCTX and
blaSHV. These findings are consistent with those reported
by other authors who found the blaTEM, blaCTX and
blaSHYV genes in multidrug-resistant diarrheagenic E. coli
strains in humans and animals (Quino et al., 2020; Shafiq
et al., 2021). The results confirm that captive collared
peccaries can act as carriers of multiresistant Escherichia
coli containing genes associated with ESBL. Further
research is required to make a genetic characterization of
bla profiles and carbenicillin-hydrolyzing 3-lactamases.

This study reported the presence of DEC in captive
collared peccaries. The ETEC, EAEC, STEC stx1, STECstx1
stx2 and EPEC pathotypes, carrying ESBL genes, were
identified in captive collared peccary faeces, with resistance
characteristics against beta-lactam antibiotics. The information
from this work contribute to develop sanitary strategies for
the management of collared peccary in captivity. Further
research on the risk factors associated with the prevalence
of DEC in captive peccary would allow to better understand
how bacteria spread among captive animals and to reduce
their capacity to act as carriers of DEC strains.
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Domestic dog and alien North American mink as reservoirs
of infectious diseases in the endangered Southern river otter

Macarena Barros?, Daniel J. Pons®?, Andrea Moreno¢, Juliana Viannad,
Barbara Ramosd, Fernando Duefias¢, Cristina Coccia®f, Roberto Saavedra-Rodriguez®,
Alexis Santibafiez", Gonzalo Medina-Vogel®*

ABSTRACT. Introduced alien carnivores are host to infectious diseases that may become an important threat for native carnivore
species conservation. Canine distemper virus (CDV) is thought to be transmitted among individuals by direct contact and to present
viral dynamics associated with a density-dependent multi-host carnivore community. In contrast, Canine Parvovirus (CPV) is mostly
transmitted by indirect contact and does not depend only on the density, but also on the social behaviour of infected as well as susceptible
hosts. The objective of this study was to assess how introduced American mink (Neovison vison) can act as a bridge-host between
domestic dog (Canis familiaris) and Southern river otter (Lontra provocax) in different dog and mink population density scenarios.
Our data show that otters are seropositive to both CDV and PV, as well as a molecular identity to Parvovirus in dogs and minks.
Furthermore, a strong positive correlation between dog population density and observed seroprevalence of CDV in dogs, minks, and
otters was recorded. For Parvovirus, the observed seroprevalence in mink and otters was not correlated to a higher dog population
density, but instead a relationship between dog and mink population densities and social behaviour. Our results suggest that introduced
American mink and domestic dogs are reservoirs of CDV and PV, both being diseases of major importance for the conservation of

native endangered carnivores in Patagonia.

Key words: American mink, domestic dog, otters, Canine Parvovirus, Canine Distemper virus.

INTRODUCTION

Among the domestic hosts of infectious diseases, free-
roaming dog populations are of interest in Chile because
they are large and known to affect wildlife (Gonzalez-Acuia
et al., 2003; Medina-Vogel, 2010; Acosta-Jamett et al.,
2011; Silva-Rodriguez & Sieving, 2012; Sepulveda et al.,
2014). Furthermore, the intense migration dynamics of dog
populations in Chile can modify the spread of an infectious
disease in a way that is difficult to understand (Villatoro
et al., 2016). In south-central Chile, the average number
of dogs ranges between 0.54 to 0.95 with a maximum of
1.28 dogs per rural household, with 1.6 to 2.4 males per
1 female and up to 60% of the local rural population may
come from urban areas, as far as 1000 km away (Villatoro
etal.,2016). Silva-Rodriguez & Sieving (2012) found that
households were the best predictor for dog occupancy

Received: 05.07.2021.
Accepted: 30.12.2021.

2Centro de Investigacion para la Sustentabilidad, Universidad Andrés
Bello, Santiago, Chile.

bFacultad de Ciencias Exactas, Universidad Andrés Bello, Santiago, Chile.
Facultad Ciencias de la Vida, Universidad Andrés Bello, Santiago, Chile.

dDepartamento de Ecosistemas y Medio Ambiente, Facultad de
Agronomia e Ingenieria Forestal, Pontificia Universidad Catdlica de
Chile, Santiago, Chile.

Centro de Investigacién Bahia Lomas, Universidad Santo Tomas, Tierra
del Fuego, Chile.

Departamento de Ecologia de Humedales, Estacién Bioldgica de Doiia-
na-CSIC, Sevilla, Espaia.

gPrograma de Doctorado en Conservacion y Gestion de la Biodiversidad,
Facultad de Ciencias, Universidad Santo Tomas, Chile.

*Corresponding author: G. Medina-Vogel; gmedina@unab.cl

during their study in rural sites in the south of Chile.
Among domestic dog infectious diseases, there are two
important viral diseases transmitted from them to wildlife
species of conservation concern, Canine Parvovirus (CPV)
and Canine Distemper Virus (CDV) (Frolich et al., 2000;
Acosta-Jamett er al., 2011; Acosta-Jamett et al., 2014;
Millan et al., 2015). Canine Parvovirus (CPV) is a DNA
virus of the Parvoviridae family that is quite resistant to
environmental conditions and can survive up to six months
at room temperature (Parrish, 1990; Williams, 2001). It
has been linked with mortality in mustelids in captivity
(Gjeltema et al., 2015), therefore, it might be able to
threaten the viability of small carnivore isolated populations.
On the other hand, Canine Distemper Virus (CDV) is a
RNA virus, a member of the Morbillivirus genus of the
Paramyxoviridae family; it is highly contagious among
carnivores, it spreads rapidly in mustelids and induces a
high mortality rate on unvaccinated mink (Hammer et al.,
2007). Another issue of wildlife conservation concern in
Patagonia is the introduced American mink (Neovison vison).
This semiaquatic mustelid registers stable populations
since the 1970s, it is resistant to the presence of humans
and its diet includes a substantial proportion of rodents
(Medina, 1997; Medina et al., 2013). Also, it cohabits with
free-ranging domestic dogs associated with farming and
housing near rivers as well as lakes shores and seashore.
Minks are known to cause damage to hen houses and
poultry, therefore, interspecies contact between American
mink and domestic species is likely to occur (Philippa
etal., 2008; Septlveda et al., 2014). American minks also
share habitat with endangered Southern river otter (Lontra
provocax) in freshwater and marine environments (Medina,
1997; Medina-Vogel et al., 2013), suggesting that there is
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a potential function of mink as a bridge host of infectious
diseases from domestic dogs to wild otter populations in
Chile (Sepilveda et al., 2014). In North America, CDV has
been reported in mink, otters, and domestic animals; North
American river otters (Lontra canadensis) and Eurasian
otters (Lutra lutra) have tested seropositive against CPV-2
and mink parvovirus (Kimber ef al., 2000); new antigenic
types of CPV-2 have been isolated from stone martens
(Martes foina) and other carnivores (Steinel ez al., 2001).
Therefore, it is expected that similar situations of disease
transmission of both CPV and CDV between domestic
dog, alien American mink, and Southern river otter could
happen in Southern Chile (Sepilveda et al., 2014).

During the last century, the population of Southern
river otters (Lontra provocax) declined dramatically
in its former territory (Medina, 1996) and as a result
the species is currently listed as endangered by the
International Union for the Conservation of Nature and
Nature Resources (UICN, 2013). Although these otters
were once widely distributed, the remaining population is
currently spread out over two different areas: i) a small and
fragmented northern population associated to freshwater
systems (38°S to 43°S Latitude) and; ii) a patchy, but
relatively extended southern population associated to the
marine habitat of Chilean fiords and channels, as well
as Argentinian and Chilean Tierra del Fuego and Cape
Horn region (43°S to 58°S) (Medina, 1996). Several
factors have been involved in the population decline
of this mustelid in Chile, including excessive hunting
and trapping in the past and a substantial loss of habitat
during the last 70 years (Medina, 1996). However, there is
almost no information on pathogen prevalence or disease
in this species (Medina-Vogel, 2010; Sepilveda et al.,
2014; Barros et al., 2018) and increasing concerns about
the potential importance of infectious disease spill-over
from dog to otter, having the introduced American mink
as a bridge host (Septlveda et al., 2014).

The increasing human intervention of natural habitats
and globalisation, resulting in the transport and introduction
of alien species into other regions, enhance the emergence
of new diseases in wildlife and make the re-emergence of
old diseases not surprising (Daszak et al., 2000; Medina-
Vogel 2010). For instance, in California, USA, foxes
(Urocyon cinereargenteus) and bobcat (Lynx rufus) live
close to towns where important populations of stray dogs
and cats have recorded a significantly high seropositive
reaction to both CPV and calcivirus (Riley et al., 2004).
Many infectious diseases that originate from domestic
dogs, cats and livestock have been reported in mustelids,
such as CPV (Steinel et al., 2001; Gjeltema et al., 2015)
and CDV (Frolich et al., 2000; Williams, 2001; Philippa
et al., 2008). The transmission of CDV is thought to be
through direct contact since the virus can survive only
some hours at 25°C and up to 14 days at 5°C under test
conditions (Shen & Gorham, 1980); also, the transmission
is primarily by aerosol or by contact with oral, respiratory,
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ocular fluids and exudates containing the virus. Due to the
relative fragility of the virus in the environment, a close
association between infected and susceptible animals is
necessary, for example, some carnivore behaviours such as
sharing carcasses or latrines are a potential source of inter
and intraspecies infection making the inter and intraspecies
transmission of CDV quite plausible (Craft et al., 2011,
Sepulveda et al., 2014). In this sense, dense populations
of susceptible individuals with special or characteristic
behaviours are necessary to sustain CDV dynamics on a
multi-host system of carnivores.

In contrast, CPV can survive for months under cool
and moist conditions when protected from sunlight, hence
the infection dose required for CPV may be very low. The
transmission within dogs (Steinel ez al., 2001) and other wild
carnivores occurs via contact with the virus shed in faeces
(faecal-oral route), suggesting that indirect transmission
rather than direct contact with infected animals may play
a key role in the maintenance of this virus in a population,
particularly among wild carnivores characterised by low
contact rates. Transmission of CPV between domestic and
wild carnivores may also occur through close contact or
predation on smaller carnivores, and across long distances
by fomites (Miranda & Thompson, 2016). Moreover,
free-ranging carnivores at low densities, even solitary
individuals, may be exposed at marking sites, latrines or
other sites contaminated by faeces deposited by a virus
shedder (Bakker & Parrish, 2001).

If CDV and CPV are being transmitted between domestic
dogs, American minks, and otters in Chile, then these species
should report a higher CDV seroprevalence in places with a
higher population of dogs and CPV seroprevalence should
follow a different pattern (Deem et al., 2000; Almberg
etal.,2010). To validate this, molecular evidence of those
transmissions should be found. The present study aimed to
carry out a seroprevalence and molecular cross-sectional
survey in populations of domestic dogs, minks and river
otters in Southern Chile.

MATERIAL AND METHODS
STUDY AREA

This study was carried out in Southern Chile, 39° S
and 45° S latitude (figure 1). Eleven sites were chosen
based on independence of the Southern river otter home
range size, dispersion pattern and distribution (figure 1)
(Medina, 1996; Septlveda et al., 2014).

All sites were located within a region characterised
by a temperate-humid-cool climate with 2,000 mm to
3,000 mm of rain per year and an average humidity of
around 90%. Rivers, lakes and marine coastal vegetation
in this area is characterised by a type of forest known as
Valdivian rainforest and Norpatagonic Valdivian rainforest.
The average annual temperature in this region is below
10°C (Veblen & Schlegel, 1982; Toledo & Zapater, 1989).
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Figure 1. Geographic location of study sites: 1= Neltume Lake; 2= Liquifie River; 3= Panguipulli Lake; 4= Todos Los Santos Lake; 5=
Maullin River; 6= Palena River; 7= Cisnes seashore; 8= Cisnes Alto River; 9= Cisnes River; 10= Queulat Fiord; 11= Magdalena Island.

DOG AND AMERICAN MINK POPULATION DENSITY
ESTIMATION

The sampling was defined in terms of the capture
success (total individuals captured/number of traps) of
American mink. We established a buffer zone of 4 km
around each American mink captured in each sampling
site, then these buffer zones merged to produce a wider
area creating eleven sampling zones with an extension
that depends on how separated and distant the minks were
trapped. These sampling zones were divided into 1 km?
cells which were then categorised as either having or not
having human presence. Google Earth imagery was used to
identify the presence of households. Cells with one or more
households were designated as having a human presence
and cells without households were designated as not having
a human presence. To estimate the domestic dog population
density, we counted the number of roofs per cell to have an
approximate number of households per zone. In each of the
zones we performed an on-ground survey of homeowners

to estimate the number of dogs per house; the population
density of domestic dogs was obtained as the ratio between
the estimated number of dogs and the area (km?) associated
to the zones, following Acosta-Jamett et al. (2011) and
Silva-Rodriguez & Sieving (2012). Finally, the estimated
density of dogs per cell was divided into three categories
of a similar sample size to denote study zones of low (4.0
dogs per km?), medium (4.1 - 8.0 dogs per km?), or high (>
8.1 dogs per km?) dog population density. The population
density of mink (minks/km) was estimated at each study
zone using the following data: a) the number of trapped
mink during the first 12 days of trapping (Harrington et al.,
2008; Medina-Vogel et al., 2015); b) extrapolating the data
of the length of home ranges of five male minks living in
Cisnes River, providing an average of 2,213 m long (ranging
between 1,422 m to 3,834 m), a female mink living in
Magdalena Island,which had a lineal home range of 1,769 m,
and another male living in Magdalena Island, whose home
range was 2,069 m (Medina-Vogel et al., 2013,2015); and ¢)
Minks intrasexual territoriality (Powell, 2000; Zuberogoitia
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et al., 2010), assuming a proportion of males:female given
by 1:1.2/km. Hence, the density of mink population in each
study zone was obtained using the formula (TM/D) x 2.2,
where TM=trapped minks and D=Total distance covered
by the trapping transect (see Medina-Vogel et al., 2015; for
a detailed explanation).

ANIMAL SAMPLING

To capture American minks, wire cage traps with a
double entrance (81 cm long, 21 cm high, and 23.5 cm
wide) were used along with fresh or canned fish as bait.
The trapping period lasted from January 2009 to February
2013. Traps were deployed along main river stretches, as
well as along lakeshores and seashores; traps were set
regularly spaced (around 500 m), considering the existence
of mink field signs such as scats and footprints during a
period between 10 to 20 days. Once captured, American
minks were introduced into a mesh to perform a mechanical
immobilisation to later inoculate the anaesthesia in the
semimembranosus - semitendinosus muscle applying one
single combined injection of ketamine-dexmedetomidine
in a dose of 10-0.025 mg/kg IM, and blood samples
(3-5 mL) were collected with cranial vena cava and
intracadriae venipuncture using tubes with EDTA. These
animals were then euthanised with thiopental by intracardiac
injection (Biosano S.A., Santiago, Chile) (about 2 mL per
individual) for post mortem examination. Likewise, Southern
river otters were trapped using soft-catch leg-hold traps
(Blundell et al., 1999; Sepulveda et al., 2007) and they
were handled using previously developed protocols (Soto-
Azat et al., 2006). They were anaesthetised with one single
combine injection of ketamine-dexmedetomidine in a dose
of 5-0.025 mg/kg IM and blood samples were taken from
the jugular vein. Afterwards, otters were released on the
same capture site. Both American mink and otter traps were
checked once and twice a day, respectively. Simultaneously,
near the place where minks and otters were captured, we
randomly selected houses and asked dog owners for their
informed consent to take a blood sample from their domestic
dog (Canis familiaris). Dogs were manually restrained and
5 mL of blood were taken from their brachiocephalic
vein, the blood samples were then processed as described
for mink and otters. To obtain serum, the blood without
anticoagulant was centrifuged for 10 minutes at
1,200 x g. All samples were stored in liquid nitrogen during
fieldwork. In addition, a short interview with the owners
was conducted to know if their dogs were permanently
confined or otherwise allowed to roam freely outside their
places and they were also asked about the dog vaccination
records. The identification and age of the dogs were
provided by the owners. All animal trapping and handling
were carried out following the ethical protocols of the
Bioethics Committee of Universidad Andrés Bello and
the National Commission for Scientific and Technology
(CONICYT) (Fondecyt 1100139 - Letter from Bioetical
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Comittee, there was no protocol number before 2013;
Fondecyt 1171417 - Bioethics Approval N° 007/2017). Otter
trapping was done under permit number 1228 delivered by
The Undersecretariat for Fisheries and Aquaculture of Chile
(Subsecretaria de Pesca, Chile). As additional information
on sampling, minks were removed from each study site
after being trapped and sampled because of their invasive
alien species status. On the other hand, after being trapped
the otters were released in the same study site and were
not trapped again in the same place for the following year.
Finally, dogs were sampled one each year for each study
site. As a result, the year was not considered as a variable,
thus pseudo-replications were avoided.

LABORATORY ANALYSIS

Serum samples were tested for CPV and CDV
antibody titers. Seropositivity to PV was analysed using
a haemagglutination inhibition test, and titer > 1:350
(see table 1) was considered positive. On the other hand,
seropositivity to CDV was analysed using a seroneutralisation
test and titer > 1:16 (table 1) was considered positive.
The detection of genomic DNA from CPV and CDV was
performed through PCR from blood samples.

For the molecular analysis, DNA was extracted with
the QTAamp DNA Mini Kit (Qiagen, Germany). PCR was
used to screen CPV as described by Touihri et al., (2009).
To detect CPYV, a region of 583bp of capsid protein gene
was amplified by PCR with CPV primers (tables 2 and 3).

To determine the variant of parvovirus present in the
positive samples, a PCR was performed to amplify and
sequence 1,195bp of VP2 gene of CPV using CPV primers
(tables 2 and 3).

To detect CDV, a region of 419bp of nucleocapsid
protein gene (N) of CDV was amplified by RT-PCR with
CDV primers (tables 2 and 3).

All PCR products were visualised using electrophoresis
on 1% agarose gels with GelRed Nucleic Acid Stain
(Biotium). The analysis was carried out in the Molecular
Biology laboratory of the School of Veterinary Science,
Universidad Andrés Bello and the Faculty of Agronomy
and Forestry, Pontificia Universidad Catdlica de Chile. The
PCR products from the VP2 gene of CPV were purified
and sequenced bi-directionally at Macrogen Inc., Seoul,
South Korea. Sequences were aligned and polymorphic
sites were confirmed by eye according to the chromatogram
using Sequencher 5.1 (Gene Codes Corporation, Ann Arbor,
MI, USA). Sequences were compared with the GenBank
database to confirm the presence of CPV and to compare
the similarity of the amplified fragments for the different
animal species.

STATISTICAL ANALYSIS

Observed seroprevalence was defined as the proportion
of positive individuals among the totality of those sampled
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Table 1. Observed seroprevalences (%) for PV (1:16) and CDV (1: 350) and estimated population density for dogs (km?) and mink

(trapping transect) in each study sites.

Population Sample size Seroprevalence Seroprevalence

Study site Density PV CDV

Dog Mink Dog Mink  Otter Dog Mink  Otter Dog Mink  Otter
Cisnes seashore 20.0 4.0 15 6 2 80 0 0 80 0 0
Palena River 9.1 2.0 0 1 0 100 0
Neltume Lake 8.7 3.0 12 6 1 83 18 0 17 17 100
Panguipulli Lake 6.9 6.0 13 7 3 69 14 0 69 33 33
Maullin River 6.3 6.0 7 6 0 57 0 57 67
Liquifie River 5.1 3.9 4 1 0 50 0 50 0
Cisnes River 1.3 7.5 10 1 0 30 0 30 0
Todos Los Santos Lake 1.1 6.0 7 4 3 43 25 0 43 25 0
Cisnes Alto River 0.8 8.4 5 4 0 40 50 40 50
Queulat Fiord 0.5 6.5 4 4 25 75 25 0
Magdalena Island 0.0 13.0 1 19 3 100 37 33 100 20 0

Table 2. Observed seroprevalences (%) comparing both positives agents (PV and CDV) with the total positive of one of them, in each

species.

Species Dog density Positives CDV Positives PV Both positives
Low 3 (50%) 5 (100%) 2 (33%)

Dogs Medium 7 (33%) 11 (52%) 4 (19%)
Hight 37 (73%) 38 (79%) 29 (57%)
Low 5 (22%) 9 (39%) 3 (13%)

Minks Medium 1 (11%) 4 (44%) 0
Hight 5 (19%) 6 (22%) 1 (4%)
Low 0 1 (33%) 0

Otters Medium 0 0 0
Hight 2 (33%) 0 0

Table 3. Primers used for detection and sequencing of Parvovirus and Distemper.

Name bp Sequence Sample size Function
Parvovirus CPV-F 583 CAGGAAGATATCCAGAAGGA 20 Detection
Parvovirus CPV-R 583 GGTGCTAGTTGATATGTAATAAACA 25 Detection
Parvovirus VP2-561-F 1195 GAGCATTGGGCTTACCA 17 Sequencing
Parvovirus VP2-1755-R 1195 TTAATATAATTTTCTAGGTGCTAGTTGAGA 30 Sequencing
Distemper N-F 419 GTTAGCTAGTTTCATCCT 18 Detection
Distemper N-R 419 GGTCCTCTGTTGTCTTGG 18 Detection

within each species (Philippa et al., 2008). Exposure status
(presence/absence) was recorded as binary outcomes (1/0)

dependent variable. Subsequently, a non-parametric Mann-
Whitney U test was used to assess differences between

two variables. The Pearson correlation matrix was used to
assess the correlation between two tested variables. A value
of P < 0.05 was considered to be statistically significant.

(Courchamp et al., 2000). The differences in observed
seroprevalence between more than two variables [species
host, sex, age, study sites and both mink and dog population
densities (Low, Medium, High)] were assessed applying
Generalized Linear Models (GLM) by SYSTAT, where the
tested variables were considered as the predictors and the
exposure status obtained as the frequency of positive (1) or
negative (0) seroprevalence (binary) was considered as the

RESULTS

The questionnaire for dog owners provided an
approximation of how closely domestic animals interact
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with wildlife. For each question, the percentages were
calculated from the totality of the sample. A 64% of the
dogs were male (usually adults), 87% were neutered, and
73% were allowed to roam free during part of the day. It
was found that free or enclosed management of dogs has
no significant effect on vaccination (P=0.18). Out of the
238 dog population surveyed, 38 (16%) were vaccinated
against CDV and CPV at some point in their life.

Out of those individuals that were found seropositive
to CPV, three were positive to CPV by PCR: one dog
from Neltume Lake and two American minks from Cisnes
Alto River, and Puerto Cisnes. As previously described,
to characterise the virus sequencing and amplification
of 1,195bp fragments were performed, however, after
editing and cleaning the sequence for the analysis, these
fragments were shortened to 438bp. Although this length
cannot differentiate between CPYV, Feline Panleukopenia,
and mink Enteritis virus these short sequences showed
that the two mink samples correspond to CPV, showing
a 100% identity with CPV sequences at Genbank (Acc.
Number: gblHQ413321.11). Interestingly, the dog sample
showed 99% identity with CPV, 99% identity with Feline
Panleukopenia, and 99% identity with Mink Enteritis virus
(Acc. Number: gblKP881687.1l). An alignment between
these sequences showed 100% identity between minks and
99% identity between mink and dog samples. No positive
sample to CDV was recorded. Since the number of positive
samples to PCR was small, a statistical differentiation
between infecting viruses with dogs and minks was not
possible by molecular analysis, therefore, we will use
Parvovirus (PV) to designate an exposure to CPVs for
which the specific identification was unknown.

An average of 5.5 dogs/km? and 6.0 minks/km?
population density per mink trapping transect were
estimated in our study areas (table 1). Population size
trends were different between dogs and minks: indeed, mink
populations were smaller in areas where dog populations
were bigger (Pearson’s coefficient equal to -0.85). None
of the mustelids and dogs sampled showed any clinical
signs neither of CPV nor CDV disease. Dogs had the
highest seroprevalence for both diseases, followed by
minks, and finally otters (F, ,4,:34.7; P<0.01) (figures 2
and 3). CPVs recorded a higher prevalence than CDV,
with a difference close to significant (Mann-Whitney
U test 9.6; df: 1; P=0.06). Out of the total, 35 (47%
of) dogs were seropositive to both PV and CDV, and 4
(7% of) minks were seropositive to both PV and CDV
(table 2). Observed seroprevalence of PVs in dogs and
minks showed no difference between gender or age, but
a significant difference for PV seroprevalence in dogs
regarding their population density was recorded (F, ,,:3.9;
P=0.03), dogs had a higher observed seroprevalence in
those zones with a higher population density. However,
no relationship between dog population density and
PVs seroprevalence in mink was inferred (figures 2 and
3, table 1).
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Regarding CDV, seroprevalence in dogs and minks
showed no difference between gender or age, but dogs had
a significantly higher seroprevalence (F), ,5:6.3; P<0.01) in
those areas with higher dog population density (figures 2
and 3), namely in those areas with smaller mink population
density (F), ,5:3.3; P=0.04).

Otters did not show significant differences in PV or
CDV seroprevalence concerning the sampling area, gender
or age. Observed seroprevalence of PV in otters had a
positive tendency towards those areas with higher mink
population density (Pearson correlation Matrix= 0.43).
In contrast, CDV seroprevalence observed in otters had a
higher tendency to occur in those areas with higher dog
population density (Pearson correlation Matrix= 0.43)
(figures 2 and 3).

When grouping the data of the studied species, both
diseases showed a higher observed seroprevalence in
those sampling areas with larger dog population density
(F)_146:6.5; P<0.01), and in lower mink population density
(F,_146:3.7; P=0.03) (table 1). Although there was no
significant difference, both diseases registered higher
observed seroprevalence (%) in males than in females:
dog (69/63), mink (27/16), and otter (17/11).

DISCUSSION

Domestic and introduced alien animals may act as
amplifiers of infectious diseases and as a source of a
pathogen for diseases that could otherwise not be maintained
by native species with already low-density wild populations
(Grenfall & Dobson, 1995; Woodroffe, 1999; Medina-
Vogel, 2010). Pathogen spillover from domestic animals
can occur when they are near wild ones (Lembo et al.,
2008; Sepilveda et al., 2014). Indirect or direct contact
must exist for spillover to occur in diseases such as PV
and CDV, also, population abundance of the domestic
reservoir seems to be a very important issue. Several studies
have found significant positive relationships between
urbanisation, proximity to farms, presence of domestic
dogs, and CPV and/or CDV seropositive foxes, wolves,
and mustelids (Frolich et al., 2000; Acosta-Jamett et al.,
2011; Acosta-Jamett et al., 2014; Millan et al. 2015).
Therefore, it is plausible that the host population density
as well as how the species interact with each other affect
the pattern of transmission of infectious diseases like CDV
and CPV. For instance, Millan et al., (2015) did not record
any wolves positive to CDV, but 76% of the wolves that
they studied presented evidence of exposure to CPV. Long
term studies in the USA have shown that CPV is already
enzootic in wolf populations (Mech et al., 2008; Almberg
et al., 2009) where it can be maintained in the absence of
reintroductions, but not CDV. This is consistent with the
fact that CDV is an acute, highly immunising pathogen
that requires high densities, and a large population of
hosts for long term persistence; although CDV might also
persist among terrestrial carnivores with small, patchily
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Figure 2. Observed seroprevalence (%) in domestic dogs, American mink, and Southern river otter in Southern Chile. Numbers indicate
sample size; error bars indicate standard error.
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Figure 3. Observed seroprevalence (%) for PV and CDV in domestic dogs, American mink and Southern River otter in Southern Chile,
according to estimated dog population size. Error bars indicate standard error.
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distributed groups (Almberg et al., 2010). Moreover, CDV
is a pathogen with a short infection cycle that requires
either large scales of hosts or multi-host transmission for
its persistence, and it seems that wild carnivore species
with naturally induced small populations cannot maintain
CDV by themselves (Cleaveland et al., 2000). However,
the presence of a second competent host species can
substantially increase the probability of long-term CDV
persistence in a region (Almberg et al., 2010). There
are only a few studies concerning the spillover of CDV
and CPV from domestic dogs to wild carnivores, where
domestic as well as wild carnivore population densities have
been estimated and their dynamics elucidated. Empirical
studies seeking to identify disease population thresholds
in wildlife find recurring obstacles, like small sample
sizes and confounding factors (Lloyd-Smith et al., 2005;
Mech et al., 2008, Cleaveland et al., 2007; Almberg et al.,
2010). For instance, otters are susceptible to CDV and such
is the case of American river otter (Lontra canadensis)
(Kimber et al., 2000) and captive Asian clawless otter
(Aonyx cinereus) (Geisel, 1979; Madsen et al., 1999;
Mos et al., 2003; De Bosschere et al., 2005), however,
only vague accounts of clinical canine parvovirus (CPV-2
variant) in otter species have been reported in the literature
(Famini et al., 2013; Gjeltema et al., 2015; Miranda &
Thompson, 2016). Another problem is the failure to find
wild otters and minks with clinical signs of either CDV or
CPV, this is probably because sick individuals remain in
their dens during the disease and some die there (Barker
& Parrish, 2001; Williams, 2001). This suggests that our
results must be considered with caution due to the small
sample size of the otters, the number of animals sampled
per sampling zone, and the limitation of cross-sectional
studies (Gilbert et al., 2013). Moreover, we failed in finding
molecular evidence for CDV, since infectious periods of
this disease are short (Deem et al., 2000); nevertheless,
our sample size was comparable to that of Sobrino et al.
(2008) and Kimber et al. (2000), but smaller than that of
Delahay & Frolich (2000), none of which found antibodies
against CDV.

The results we obtained regarding the observed
seroprevalence for CDV were similar to those found by
Sepulveda et al. (2014) using 1:16 titer cut-off for mink
(21.7% them, 17% us) and dogs (41.6% them, 60% us),
but higher than those reported by Kimber et al. (2000) for
river otter (Lontra canadensis) in North America because
they recorded 4.7% (3 of 64) positive for CDV (1:8-1:768),
and 7 of 64 (10.9%) otters positive for CPV-2 (range of
titers 1:20-1:640). However, higher seroprevalences were
found when compared to those obtained for American
mink and other mustelids in France by Philippa et al.
(2008) who recorded 9% of 127 European mink (Mustela
lutreola), 20% of 210 polecats (Mustela putorius), 5%
of 112 American mink, 33% of 21 stone marten (Martes
foina), and 5% of 20 pine marten (Martes martes) in regions
with almost no presence of free-ranging domestic dogs
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(Doherty et al., 2017), although they considered positive
a 1:10 titer. In our case, the observed seroprevalence in
American mink was 33% for CDV with a titer 1:350, and
16% for CPV with a titer 1:16. Besides, these results are
useful to begin the understanding of the ecology of CDV
and CPV in a carnivore community where domestic dogs
and alien American mink might be playing an important
role (Cleaveland et al., 2000; Gilbert et al., 2013; Sepuilveda
et al., 2014); our cross-sectional assessment provides
reliable information about exposure to viral infectious
diseases of wild American minks and Southern river otters,
adding support to the hypothesis of Sepulveda et al. (2014)
about behavioural aspects of transmission, with invasive
species as host bridges from domestic to native species.
Moreover, for the first time, CPV serological evidence
in Southern river otters was documented in this study, as
well as CPV serological and molecular evidence in wild
American mink, and CDV serological evidence in otter
from South America. Statistical differences in the observed
seroprevalence of CDV and CPV in Southern river otter
were not found, probably because of the small sample
size. Nevertheless, we recorded a tendency of increased
CDV seroprevalence in otter in those study areas with
higher dog estimated population density, and similarly
for CPV seroprevalence in otter in those study areas with
higher mink estimated population densities (tables 1 and
2; figures 2 and 3).

Theoretical models suggest that whenever strong
spatial segregation leads to distinct sub-grouping within a
population, as it is the case for territorial species, interspecies
transmission may be the dominant transmission pathway and
the presence of an alternative host is required for pathogen
establishment (Holt et al., 2003; Keeling, 2005). Also, the
influence of social hierarchy on disease dynamics becomes
more important at low disease prevalence (Davidson et al.,
2008) and this seems to be the case for minks and otters,
which have territorial as well as social hierarchical behaviour
(Powell, 2000). Sepulveda et al. (2014) found significant
interactions between introduced American mink and both
otter and dogs, either directly (harassment) or indirectly
(latrines co-use). The indirect interactions between mink
and dogs in latrines were not separated by more than
two days (Septlveda et al., 2014), an interval in which
a pathogen, such as CDV and CPV, can remain viable in
the environment (Shen & Gorham, 1980; Parrish, 1990;
Williams, 2001). Similar observations were reported by
Medina-Vogel et al. (2013) with a variable space overlap
as well as latrines co-use between Southern river otter and
mink, and aggressive encounters between both species in
a dog free habitat. These facts led Sepulveda et al. (2014)
to theorise the feasibility of transmission of infectious
diseases like CDV from dogs to River otter with mink
acting as a bridge host, allowing our results to support
this hypothesis. Moreover, the interspecies interactions
mentioned above suggest a directional transmission from
dog to mink, and from mink to otter.
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With regard to interactions between domestic dogs and
domestic cats with wild carnivores, transmissions were
reported in a recent study in Madagascar, due to an important
overlap in habitat use and specific sites (Rasambainarivo
et al., 2017). Frolich et al. (2000) found a significant
difference in the number of seropositive foxes between urban,
suburban and rural areas, indicating that free-living foxes
can become infected with CDV by contact with domestic
dogs. These authors conclude that dogs are contaminating
the habitat of wild carnivores and, therefore, dog density
would influence the seroprevalence of CDV antibodies in
wild carnivores. Our results support the hypothesis that
CDV and CPV are maintained in wild carnivore species
due to the permanent presence of domestic dogs, we did
not find molecular evidence of CDV in otters and mink
but our results suggest that the exposure of mink to PVs
could be the result of CPV infections.

In our study, dog-to-mink transmission seems to occur
when minks visit farms attracted by rats, mice and poultry,
and then can be infected by dogs (Philippa et al., 2008;
Sepulveda et al., 2014). The other possibility seems to be
when dogs visit mink latrines (Septlveda et al., 2014).
Therefore, dog-to-mink transmission seems to take place
as a result of the dynamics of scent communication since
dogs use their faeces as territorial marks, and minks
become in contact with those marks. These transmission
rates appear to depend on domestic dog population size
and density (table 1) and on the possibility that minks
can get in contact with an infected spot. Instead, CPV
and CDV transmission between mink and Southern river
otters may occur mainly by direct interaction or when
they are in close contact within a commonly used spraint
site (Sepulveda et al., 2014; Medina-Vogel et al., 2013).
Transmission rates do appear to depend on the frequency
of these contacts and on mink population densities, but
not on Southern river otter population densities which
are significantly lower: southern river otters in freshwater
habitats in Chile record densities below 0.5 individuals
per km of river (Sepulveda et al., 2007). Male mustelids
have larger home ranges than females, leading to increased
exposure to infections. Additionally, male increased stress
during the breeding season may immunosuppress and
increase their susceptibility to diseases (Powell, 2000;
Cross et al., 2009). Although we did not record gender
statistical differences between observed seroprevalence
in all three-study species, we found that seroprevalence
was higher in males than in females. Male mink larger
home range, strongest territorial behaviour, and larger
displacement patterns could have increased the probability
of becoming in contact with male dogs as well as male
otters, which is supported by our results showing that this
pattern is stronger for CDV than for PV.

As previously mentioned, our analysis supports the
hypothesis of Sepilveda et al. (2014) of American mink
acting as a bridge host between domestic dogs and wild
Southern river otter in Patagonia for infectious diseases

such as PV and CDV, which is a matter of important
conservational concern. These results raise a concern
about the conservation of Patagonian otters because, from
the perspective of the pathogen, one of the susceptible
populations namely southern river otter and marine otter
(Lontra felina) is made up of a small group of hosts
(Sepulveda et al., 2007; Medina-Vogel et al., 2007).
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SHORT COMMUNICATION

Detection of pathogenic leptospira as a cause of abortion
in cattle-observations on diagnosis

Camilo Tomckowiack®?, Sebastian Matamala?®, Constanza Leo6n®,
Manuel Moroni¢, Miguel Salgado®

ABSTRACT. Leptospirosis is a zoonotic infectious disease caused by members of the genus Leptospira, which affects domestic
and wild animals. Cases of abortion in cattle have been associated with this infection, but these are often not adequately confirmed.
To determine the best diagnostic strategy for leptospirosis-associated cases of abortion, we evaluated some of the techniques used in
the veterinary laboratory and found that the key issues are sample type and timing. In a retrospective anatomical and histopathological
analysis, we studied 42 aborted foetuses with lesions consistent with leptospirosis to check for the presence of pathogenic leptospira
by qPCR, as well as ascertaining the serologic status of the cows. In addition, in a prospective analysis, cows that had aborted foetuses
were analysed within 2 days of the event by MAT and qPCR using blood and urine samples. Analysis of the foetuses indicated that
only 14.3% of the selected cases (6 of 42) gave a positive qPCR result. Regarding cows that had recently aborted foetuses, 4 out of 11
sampled showed a positive qPCR, while MAT tests showed only negative results. The evidence provided in this study indicates that
the time that has elapsed since a clinical event has occurred and the type of clinical sample taken are key elements in the successful

confirmation of pathogenic leptospira as the cause of abortion.

Key words: Leptospirosis, pathogenic leptospira, abortion, dairy cattle, diagnostic.

INTRODUCTION

Leptospirosis is probably one of the most widespread
and prevalent zoonotic diseases worldwide (Hartskeerl
et al.,2011). This infectious disease is caused by a group
of spirochetes of the genus Leptospira, called pathogenic
leptospira.

Pathogenic leptospira infection in cattle, which is
associated with reproductive failure, is considered a major
cause of economic loss (Bolin & Alt, 2001). In dairy cattle,
abortion and stillbirth are the most serious clinical events
caused by pathogenic leptospira infection (Ellis, 2015),
followed by “Milk Drop Syndrome” (Alonso-Andicoberry
et al.,2001; Bolin, 2003). The negative economic impact
can also be attributed to the cost of treatment, increases
in culling and low pregnancy rates (Dhaliwal et al.,
1996). Gidicke and Monti (2013), have estimated that the
economic losses in Chile could be as high as US$143 per
lactation when a case of abortion occurs. Leptospirosis
is often difficult to diagnose, and frequent misdiagnosis
probably makes it the most neglected infectious disease in
cattle (Martins & Lilenbaum, 2017). This is particularly
significant when the diagnosis of a clinical case must be
confirmed. Identification of the aetiology is essential to
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establish proper control and mitigation measures in the
herd. Furthermore, an early and accurate diagnosis is of
paramount importance to establish appropriate antibiotic
treatment when pathogenic leptospira infection is suspected
(Adler & De la Pefia Moctezuma, 2010).

This brings to light a frequent and widespread diagnostic
problem, namely confirmation of the aetiology of cattle
abortion due to pathogenic leptospira. In southern Chile,
most veterinary practitioners take a serum sample to
detect antibodies in an aborted cow and the result obtained
is interpreted as confirmation of pathogenic leptospira
(Elder et al., 1985). Although less frequent, the Pathology
Department of our Faculty has also received requests
for histopathological analysis as a diagnostic method
through the identification of lesions, mainly in the foetus,
consistent with infection from/by pathogenic leptospira
in cases of abortion.

In the present study, we aimed to ascertain the type
of diagnostic tool, as well as the clinical specimen and
sampling time that should be used to accurately establish
the aetiology of a case of abortion in cattle once pathogenic
leptospira infection is suspected.

MATERIAL AND METHODS

To accomplish the objective of the present study,
we organised the methodology in two independent but
complementary observational surveys (I and II):

DESIGN SURVEY I
To assess pathogenic leptospira detection in an abortion
case, a retrospective study was carried out. Primarily, this

included information on all cases of aborted cattle recorded
in the Veterinary Anatomical Pathology laboratory at
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the Institute of Animal Pathology, Faculty of Veterinary
Sciences, Universidad Austral de Chile, between 2010
and 2019. As a second inclusion criterion, the samples
of aborted foetuses that underwent further analysis were
those displaying gross lesions consistent with pathogenic
leptospira infection, such as jaundice, foci of necrosis in
the liver, as well as signs of histopathological lesions,
such as accumulations of mononuclear cells in the liver
and/or kidney, areas of necrosis in the liver, vacuolization
in the liver and/or kidney. In addition, the result of the
microscopic agglutination test (MAT) of the cow was also
taken into account.

For each selected sample, 10 to 15 sections of 5 pum thick
tissue were taken from the paraffin-embedded tissue samples
using a precision rotation microtome (Jung®), intended
for DNA extraction. The paraffin sections were stored in
1.7 mL Eppendorf tubes. After this, the deparaffinization
procedure was carried out according to Miller ez al. (1997).
Deparaffinized tissue samples were subjected to a DNA
extraction-purification protocol using the High Pure PCR
Template Preparation Kit (Roche, Indianapolis, IN, USA),
following the manufacturer’s instructions. The DNA
templates obtained from the above protocol were analysed
in a gPCR system (Roche LightCycler 2.0) using a TagMan
probe and targeting the LipL32 gene which is specific only
to pathogenic leptospira species (Stoddard et al., 2009).

DESIGN SURVEY 1I

To show evidence of active infection by pathogenic
leptospira in live cattle that have recently aborted foetuses,
a field cross-sectional survey was performed.

Between January and December 2020, cows that had
aborted within the previous 48 hours were selected and
sampled for this study. The sampling was carried out from
five dairy cattle herds located in three different districts of
the Los Rios region, Chile. To assess the infection status
of the animals studied, urine samples (5-20 mL) were
taken through direct stimulation of the vulvar area. The
urine was collected in sterile 50 mL Falcon tubes. Also, to
detect the pathogen in the whole blood, individual blood
samples (5 to 10 mL) were taken by venipuncture of the
coccygeal vein of each animal, using vacutainer tubes
with anticoagulant and, in parallel, without coagulant
for the detection of antibodies in the blood serum, using
individual needles for each animal in both cases. Both
types of samples were kept at room temperature until they
were transferred to the Laboratory of Infectious Diseases,
Institute of Preventive Veterinary Medicine, Universidad
Austral de Chile. The sampling was carried out in strict
accordance with the Universidad Austral de Chile’s Guide
for the Use of Animals for Research. (www.uach.cl/
direccion/investigacion/uso_animales.htm).

Urine samples were pretreated using an immunomagnetic
separation (IMS) protocol coupled to real time PCR (qPCR),
according to a published protocol (Tomckowiack et al.,
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2020). A 25 mL aliquot of each urine sample was centrifuged
at 4,000 g for 15 min and the pellet was resuspended
in 1 mL of phosphate buffered saline (PBS) [137 mM
NaCl, 2.7 mM KCl, 4.3 mM Na,HPO,, 1.4 mM KH,PO,
(pH 7)] and then transferred to a 1.5 mL microcentrifuge
tube and recentrifuged at 11,000 g for 5 min. Finally, the
supernatant was discarded, the pellet was resuspended
in 1 mL of PBS and a 100 pL aliquot was submitted to
be used in the IMS protocol (Tomckowiack et al., 2020),
before proceeding with DNA extraction by High Pure
DNA Template Preparation Kit protocol (Roche, USA).

From a whole blood sample, an aliquot of 200 uL. of
blood was taken (with EDTA) from Vacutainer tubes (Becton
Dickinson, USA), from which DNA was extracted using
the High Pure DNA Template Preparation Kit (Roche,
USA). This was performed as described in survey I.

Pathogenic leptospira cell numbers (genome equivalents)
detected by qPCR were estimated according to a published
protocol used in Tomckowiack et al. (2020), using the
molecular weight of the genome of Leptospira interrogans
serovar Hardjo type prajitno strain Hardjoprajitno (GenBank
accession number EU357983.1) to establish a standard
curve for the estimation of leptospira numbers by qPCR,
according to a published algorithm (Dzieciol et al., 2010).

Sera were tested for the presence of antibodies against
six reference leptospira serovars, according to the published
protocol (Salgado et al., 2014), using the microagglutination
test (MAT).

For survey I, the association between cow MAT and
foetal tissue PCR results was evaluated by the McNemar
test. For survey II, the proportion of positive results obtained
by the diagnostic tests used for each of the clinical samples
were compared. To do this, the ratio test was performed,
using the Z statistic. The R software (R Core Team, year
2016®) was used, considering a significance level of 5%.

RESULTS AND DISCUSSION

To propose an adequate solution to the problem of
pathogenic leptospira infection in cattle, we must first have
a thorough understanding of the biology of this infection.
Infection by pathogenic leptospira begins with bacteremia
and the infection can then migrate to organs such as the
liver and kidney, which is followed by leptospira urine
shedding and, weeks later, antibody titers (Adler & De la
Penia Moctezuma, 2010; Adler, 2014).

Because pathological analysis is also used as a diagnostic
method, through the identification of lesions consistent with
infection by pathogenic leptospira in cases of abortion,
it seemed pertinent to us to retrospectively analyse a
significant number of possible cases of abortions due
to pathogenic leptospires. A total of 247 aborted bovine
foetuses met the inclusion criteria in the retrospective study.
Macroscopic and/or microscopic findings associated with
pathogenic leptospira infection, as well as MAT results
of the (mother) cow, led us to select a total of 42 aborted
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foetuses. Overall, information from 7 (16.7%) of them
showed only macroscopic lesions (enlarged liver, small areas
of necrosis, jaundice). In addition, 10 (23.8%) displayed
only microscopic lesions (inflammatory mononuclear
(cell) infiltration), cloudy swelling) and 13 (30.9%)
showed both types of lesions consistent with pathogenic
leptospira infection. Finally, in 12 (28.6%) cases the sera
showed MAT positive results without lesions. Although the
lesions identified in these foetuses correspond with what
has been considered suggestive for pathogenic leptospira
infection, in most cases these lesions can be seen in other
pathologies (Sebastian et al., 2005; Smyth et al., 1999).
In this regard, Schlafer and Foster (2016) reported other
findings, such as lesions in the placenta and lungs, which
were not observed in the cases we studied because the
majority of foetuses displayed a state of autolysis that
made it difficult to identify these lesions (Smyth et al.,
1999). Therefore, these anatomical and histological findings
should only be interpreted as presumptive information that
requires a second confirmatory tool.

Therefore, in order to confirm those presumptive
cases, the PCR technique on fixed tissue was used. Only
6 (14.3%) out of the 42 cases showed PCR positive results
(table 1). Of these 6 cases, 1 sample case showed both
microscopic and macroscopic lesions, while 2 showed
only macroscopic lesions, and finally, 3 foetal sample cases
did not show any visible lesions but exhibited high MAT
antibody titers. However, molecular identification by PCR
in paraffin-embedded samples may be underestimated due
to a decrease in PCR efficiency. The study by Einerson
et al. (2005) showed a loss of detection of up to 50% in
their samples, attributed to the effect of the fixing reagents
on the efficiency of the PCR.

Since the most commonly used diagnostic technique
for leptospira infection is MAT (Thiermann, 1984), it
seemed reasonable to monitor the serological status of the
aborted cow. Thirty-one of the 42 aborted fetuses monitored
(73%) produced positive serology results for one or more

leptospira serovars. Hardjo was the predominant serovar,
with 24 cases (77.4%), followed by Ballum, with 9 cases
(29%), whilst the Canicola and Pomona serovars were
identified in 5 cases (16.1%), and Autumnalis showed up
in just 1 case (3.2%). The antibody titers ranged between
1:100 to 1:3200 (data not shown). There was a high
percentage of selected foetuses with lesions consistent with
pathogenic leptospira infection, although unconfirmed by
PCR, with a positive MAT result for the mother. Any valid
interpretation drawn from this finding must take into account
the fact that, in southern Chile, there is a high pathogenic
leptospira seroprevalence in dairy herds (Salgado et al.,
2014). Besides, MAT is useful for a herd-level diagnosis
and may not be reliable for individual diagnoses (Otaka
et al., 2012), since most cows that show seroreactivity
with low titers show no direct evidence of pathogenic
leptospira shedding (Hamond et al., 2014). So, samples
with positive MAT from the mother indicate exposure, and
not necessarily active infection, as a cause of abortion,
thereby explaining the lack of a significant relationship
(P<0.05) between MAT and PCR.

A key aspect that would allow us to determine the cause
of abortion is the status of active infection by pathogenic
leptospira in the mother through direct detection of the
pathogen at the genomic level. In this way, there would
be a confirmatory relationship between infection by this
pathogen and a case of abortion. In survey II, the sampling
of cows that had recently aborted was successful due to
the valuable collaboration of veterinary practitioners. We
found only 11 cows that had aborted foetuses and were
sampled within 48 hours during the study period. None
of the sera in the cows that had aborted showed positive
MAT results. Of the 11 cows, 4 cows showed positive
results which suggest an active infection status due to
pathogenic leptospira. In the case of urine samples, only
1 out of 11 (9.1%) samples showed a positive result with
a low concentration of 8.77 leptospira per mL. However,
a higher proportion of positive results was observed when

Table 1. Aborted foetuses with a history associated with leptospirosis identified in the records of the Laboratory of Veterinary Anatomic

Pathology with positive PCR (n=6).

ID animal Ab titers Serovar Macroscopic lesion Microscopic lesion qPCR
781-11 1:400 Hardjo Pale red mucous membranes Liver and kldnefy.: degenerative +)
and musculature conditions
1:400 Hardjo
101-13 1:100 Pomona a +)
188-13 1:1600 Canicola - (+)
1:800 Ballum
272-13 1:200 Hardjo - )
363-13 1:400 Hardjo Liver: necrotic foci (+)
1:400 Hardjo . . . .-
395-14 1:100 Ballum Kidney: degenerative conditions (+)
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Table 2. Results of the analysis of the 11 cows for pathogenic leptospira infection.

qPCR (Whole Blood) pathogenic

IMS-gPCR (Urine) pathogenic

N° ID animal leptospira per mL leptospira per mL VAT
1 3806 - - B
2 6487 4.86-102 - -
R 8731 _ 8.77-10° -
4 8732 - - -
5 8327 - - B
6 8238 2.11-10* - -
7 8042 - - i
8 8726 6.14-103 - -
9 8523 - - i
10 6693 - . i
11 9980 - . .

blood samples were used (P<0.05). Three out of 11 blood
(27.3%) samples were positive, ranging in concentration
from 4.86-107 to 2.11-10* pathogenic leptospira per mL
(table 2). The reported finding regarding the detection of
pathogenic leptospira in whole blood is consistent with
published experimental investigations (Zuerner et al., 2012)
that studied the infection in golden hamsters by injecting
this pathogen intraperitoneally and could be detected in
blood vessels around 48 hours post inoculation, giving a
graphic indication of the biology of this infection. The
biology of infection indicates that leptospiremia is observed
up to the first week after exposure, which is followed by
pathogen migration to the target organs (Adler & De la
Pefia Moctezuma, 2010). As pathogenic leptospira decrease
in concentration in the blood, the antibodies start to rise,
reaching a detectable level between 7-14 days (Adler, 2014).

It seems that blood samples do not have a negative
effect on polymerase efficiency, unlike urine samples which
is likely to be due to PCR inhibitors (Rosenstraus et al.,
1998). The presence of PCR inhibitors in urine samples
makes the analysis more difficult and expensive where DNA
extraction protocols should consider inhibitor removal. To
solve this problem, immunomagnetic separation (IMS)
has been described as a technique to provide inhibitor-
free PCR samples and improve their analytical sensitivity
(Olsvik et al., 1994; Taylor et al., 1997). Recently,
Tomckowiack et al. (2020) developed an immunomagnetic
separation (IMS) protocol as pretreatment for gPCR that
offered a cost-effective tool for urine analysis and solved
the false negative problems of low bacterial loads in the
specimen, allowing 30% higher detection of positive results
than a conventional system. In the present study, the low
bacterial load detected by the IMS-qPCR system in the
positive urine sample (8.44 bacteria/mL) suggests that
the animal has an initial kidney infection post bacteremia,
where it would possibly have been classified as negative
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in a conventional molecular detection system without the
pre-step of immunoseparation.

Most of the abortions caused by leptospira occur in
the last trimester of pregnancy and are associated with a
chronic infection in the individual aborting animal (Adler
etal.,2014; BonDurant, 2007). The present study reported
the absence of antibody titers in MAT and the presence of
pathogenic leptospira in blood, which could indicate a status
of early or acute infection with initial bacteremia, and in
this infectious scenario, an abortion is not an unexpected
result in a pregnant cow.

This study showed that anatomical and histopathological
information must be considered as a presumptive and
non-confirmatory tool for pathogenic leptospira as a cause
of abortions in cattle. Also, the detection of pathogen
DNA in blood may provide new evidence of abortions
in the early stages of this infection, suggesting that the
evaluation of antibodies alone is not an accurate diagnostic
strategy for the cause of abortion in cattle. Besides, it
has been suggested that a chronic event and MAT values
are either static flailing or are not detectable (Ellis et al.,
1982). The evidence provided in this study indicates that
the time elapsed since a clinical event has occurred and
the type of clinical sample taken are key elements in the
successful confirmation of pathogenic leptospira as the
cause of abortion.
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SHORT COMMUNICATION

Evaluation of the efficacy of essential oils of Lavandula angustifolia and
Eucalyptus globulus for the control of Varroa destructor in Apis mellifera:
A randomised field study

Mario F. Ahumada?, José L. Marcos®?, Agnes Cadavid?, Gloria V. Bafiares?,
Cristian M. Silva?, Yerko A. Olivares?, Heine Y. Miiller®*

ABSTRACT. Varroa destructor is the most harmful and widespread parasite that spreads disease in bees. Eucalyptus spp essential
oils (EOs) have proved effective against V. destructor. Additionally, Lavender spp EOs treatment has caused mite mortality rates of
95% to 97% for the same parasite. In this study, 20 mL of each oil or the placebo were distributed on two sheets of papier-maché
located on the frames of the brood chamber inside each hive. The miticidal effects of Lavandula angustifolia and Eucalyptus globulus
EOs were analysed. Parasitic load and mite fall were evaluated under field conditions. The mean infestation rate obtained from each
of the three treatment groups at the beginning of the study was less than 3.6%. Then, the infestation rate increased gradually in each
group until day 36. The infestation rate in the group treated with L. angustifolia was lower than in the control group by over two per
cent and never exceeded 10%; the differences between the control group and the L. angustifolia group were statistically significant
(P<0.05). In conclusion, L. angustifolia EO provided effective parasite control starting at the second treatment dose. However, E.
globulus EO did not show a consistent parasite control. Further studies should consider the evaluation of EOs for the control of V.
destructor in different weather conditions and other treatment delivery systems.

Key words: bees, parasite, mite, varroosis, ecological control.

INTRODUCTION

As pollinators, bees participate in the global economy
and their contribution has been valued at between 235
and 285 billion US$ per year (Lautenbach et al., 2012).
Currently, a general weakening of honeybee populations,
represented by colony losses, has been reported raising public
concern and, in turn, the costs of managing bee colonies
and pollination services have increased (Calderone, 2012).

The decline in pollinators has been associated with
multiple factors such as natural disasters, environmental
pollution, and a variety of pathologies (Potts et al., 2010).
According to Neira et al. (2004) varroosis is the most serious
parasitic disease in bees. A large number of products have
been tested to control this disease, and their repeated and
improper use has resulted in the production of contaminated
honey. There is a current trend towards the use of natural
products, creating a constantly increasing demand for them.
For this reason, varroosis diagnostic and treatment methods
have been the subject of studies in several countries to
improve its control (Gonzalez-Acuia et al., 2005).

Current methods used for V. destructor control are the
application of acaricides such as fluvalinate and coumaphos.
Both were initially effective, but their recurrent use has led
to the development of resistance in the mites (Milani, 1999).
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Chemicals applied by beekeepers against varroosis
are a source of bee product contamination. There are
maximum residue limits for authorised chemical substances.
The contamination of bee products by acaricides can
be minimised through careful use of chemotherapeutic
products, however, the use of unauthorised products to
control varroosis could become a major problem (Karazafiris
etal.,2011).

Cruzat & Baasch (2010) established that the control
of varroosis has been managed mainly with artificially
synthesised chemical products such as fluvalinate,
flumethrin, amitraz, bromopropylate, and cymiazole.
Nevertheless, these products can have dangerous
consequences due to the accumulation of their residues
in honey, wax, and propolis. In addition, their improper
and repeated use can lead to significant resistance against
these products in V. destructor.

EOs generally represent a less-expensive and safer
alternative for both humans and bees (Calderone, 2012).
Also, they are classified as food supplements that are safe
for human consumption (Quarles, 1996). EOs can alter
the behaviour, growth, and development as well as the
ecdysis, mating and oviposition of insects (Khater, 2012).
Additionally, the insecticidal activities of the components
of lavender EO have been related to acetylcholinesterase
inhibition, and eucalyptus EO has been shown to exhibit
octopaminergic agonist activity (Rattan, 2010).

In Chile, a limited range of veterinary products has
been authorised for apicultural use by the Agricultural
and Livestock Service (SAG, 2019) and registered under
the names Bayvarol®, Verostop® and Apilife Var®. The
active molecule of the first two products is flumethrin,
while the third product contains thymol, levomenthol,
eucalyptus oil and camphor.
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On the other hand, the Chilean National System for the
Certification of Organic Products created under Decree No.
36 of 2006 of the Ministry of Agriculture allows, according
to its Technical Standard Annex A List 5, the treatment
of pests and diseases that affect beekeeping with natural
treatments such as phytotherapy, aromatherapy, etheric
EOs (camphor, eucalyptol, menthol, thymol), sulfur, oxalic
acid, lactic acid, acetic acid, and formic acid (SAG, 2019).

Neira et al. (2004) established that applying lavender
and laurel EOs under laboratory conditions resulted in
approximately 90 to 100% mite fall. In addition, the mite
mortality rates reached average values of nearly 40%.

Several studies on the use of EOs against V. destructor
have been conducted under controlled laboratory conditions
and have demonstrated miticidal effects (Imdorf ef al.,
1999). Eucalyptus EO, which is rich in 1-8-cineol, has
proved effective against V. destructor (Ghasemi et al.,
2011). Additionally, thyme, sage, rosemary, marjoram,
dillsun and lavender EOs at concentrations of 1% and 2%
(w/w) resulted in mite mortality rates ranging between
95% and 97%, respectively, and peppermint at 2% (w/w)
killed more than 97% of V. destructor (Ariana et al., 2002).

The effectiveness of different synthetic (amitraz,
Apivar®) and natural (formulated from Api Life Var®,
thymol oil and thymol alcohol) products authorised for the
control of V. destructor were evaluated in a field study. All
these treatments reduced the infestations of V. destructor,
although they did not eliminate the parasite. However,
the effectiveness of the treatment depended on the apiary
to which it was applied. The variability in effectiveness
detected among different apiaries represents a challenge for
the identification of the significant factors that influence
miticide effectiveness (Gracia et al., 2017).

To our knowledge, no studies have currently investigated
the residual effects of EOs or any long-term application
protocols for them in production apiaries, specifically with
regard to the dose, duration, residual effect, or application
time and frequency. EOs selection was based on preliminary
trials with unpublished data which evaluated the effects
of Syzygium aromaticum, Citrus sinensis, Lavandula
angustifolia and Eucalyptus globulus EOS on total mite
fall, observing the best results with Lavandula angustifolia
and Eucalyptus globulus. The study aimed to evaluate the
effects of Lavandula angustifolia and Eucalyptus globulus
EOs for varroosis control in A. mellifera in a 48-day,
double-blind field trial.

MATERIAL AND METHODS
LOCATION

The research was conducted in the experimental apiary
at the School of Agricultural and Veterinary Sciences,
Universidad Vifia del Mar, Chile, under regular production

management practices during the months of March and
April 2018. The climate conditions were Mediterranean
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temperate, with median temperatures of 19°C and 16°C in
March and April, respectively (33°04°06”S, 71°33°27°W).

ESSENTIAL OIL APPLICATION

Twenty-four Langstroth-type hives naturally infested
with V. destructor were randomly allocated to three
groups of 8 beehives. The treatments applied were a) 5%
E. globulus EO (group E) (1.8-cineole 60.2%; o-pinene
15.26%) and b) 5% L. angustifolia EO (group L) (linalool
36.53%; linalyl acetate 32.8%), both diluted in vegetable
glycerine, and ¢) glycerine as the placebo (control group,
C). Both essential oils are of commercial origin (Ac Es
Eucalipto Org 5 ml; Ac Es Lavanda Org 5 ml, Sociedad
Comercial Katmandu SpA, Chile).

During the treatments, 20 mL of each oil or the placebo
were distributed on two sheets of papier-maché located on
the frames of the brood chamber inside each hive. Four
applications were performed, on days 1, 11,22 and 33 of the
experimental period, to cover two consecutive reproductive
periods of the bees and the parasite. The treatments were
applied with a double-blind treatment design.

COLONY INFESTATION RATE

The colony infestation rate was evaluated in a sample
of 200 bees from the brood frames of each colony. The
frames were placed in a container with water and non-
foaming detergent and were covered and stirred for two
minutes. After settling for 10 minutes, the contents of
each container were poured through a double screen. The
first screen retained the bees and the second collected
the V. destructor individuals. The bees and V. destructor
individuals were then counted. Finally, the infestation
rate was calculated according to the following formula
(De Jong et al., 1982):

Infestation rate (%)
= (V. destructor number) / (bees number per sample) X 100

To measure the effects of the treatments and compare
them with the effect of the placebo, the basal parasitic
load was determined by the double-sieve sampling
protocol at the beginning of the study (day 1, before the
first treatment) and every 9 days thereafter (days 9, 18,
27,36 and 45).

TOTAL MITE FALL

In each hive, from days 2-45 of the experiment, a
daily mite fall count was performed as a complementary
method for determining the parasitic load of the hive. A
piece of white cardboard was placed on the bottom board
of the hive and covered with glycerine to trap fallen V.
destructor individuals. The cardboard was removed and
replaced daily.



The infestation rate and total number of mite fall were
tabulated and analysed for significant differences between
treatments with Friedman’s and Dunn’s tests (P<0.05).

RESULTS AND DISCUSSION

The mean infestation rates obtained from each group
at the beginning of the study were lower than 3.6%. Then,
a gradual increase in infestation rate was observed in each
of the three groups until day 36 (Group C 11.1%; Group L
9.4%; Group E 9.8%). At this point, the infestation rates
decreased, reaching similar levels to those on day 18,
especially in the groups treated with EOs.

Group L presented significantly lower parasitic loads
than group C (P<0.05), as evidenced by the infestation
rates during the 45 days of the study. Furthermore, the
lower total drop of mites observed in group L responds
to the lower infestation rate in the same group compared
to groups L and C. Nonetheless, group E showed non-
significant differences in the parasitic loads compared to
group C (figures 1 and 2).

According to Gracia et al., (2017) parasitic infestations
are almost impossible to eradicate, therefore, only partial
control of parasites is possible. Our results are consistent
with those of these authors and demonstrate effective, easy
and safe mite control to infestation rates lower than 8% with
lavender EO. These effects were modulated by the local
environmental, genetic and production conditions, which
determine the efficiency of parasitic control (Bounous &
Boga, 2005). Thus, EOs can control varroosis and are not
considered contaminants by the technical standards of the
National System of Certification of Organic Products of
Chile (SAG, 2019).
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The analysis of the parasitic infestation of the bee
colonies showed that until the second dose (day 11), the
infestation rates in the three groups did not show linear
behaviour. However, after the second treatment, the
infestation rates in group L was consistently lower than
in group C (figure 1).

In this study, L. angustifolia EO was an efficient treatment
because it stopped the sustained growth of the infestation
rate in the treated hives. In contrast, in the control group,
the infestation rate increased continuously. These results are
consistent with those of Jean-Prost & Conte, 2007), who
established that sustained infestation rate growth occurs
because the multiplication of the parasite is associated
with bee reproduction and the absence of antiparasitic
treatments. In addition, the effects of L. angustifolia EO
on the infestation rates and total mite fall could be due to
the application in late summer and early autumn because
the bee reproduction begins to decrease during this period
(Avitabile, 1978). The decrease in bee reproduction rate
leads to a decline in the adult mite population, resulting
in a low infestation rate at the beginning of spring, which
represents an improvement in the sanitary condition of
the hive.

In total, during the 45 days of the study, 1,132 adult
mites fell in group L, 1,802 adult mites fell in group
E, and 2,019 adult mites fell in group C. There were
statistically significant differences in mite fall between
groups C and L as well as between groups L and E (P<0.05)
(figure 2).

Daily measurements of adult mite fall were performed
during the study as a complementary method of determining
the degree of infestation in each group. However, this
approach was not intended to measure the effect of each

1;22 1133

27
Evaluation days

36

O Eucalyptus globulus @ Control

Figure 1. Mean infestation rate and standard error for each treatment group at different sampling times. Arrows indicate the treatment

application times.

* indicates statistically significant differences between L and C according to Friedman’s and Dunn’s tests (P<0.05).
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Figure 2. Total mite fall and standard error for each treatment group.

E. globulus Control

* indicates statistically significant differences according to Friedman’s and Dunn’s tests (P<0.05).

treatment since mite detachment can be caused by different
factors, such as the size of the colonies, the typical handling
of the hives, the grooming capacity of the families, the
internal temperature of the hives, and the environmental
temperature, as well as by the treatments applied (Spivak
& Reuter, 1998).

Some limitations of our study included active
behavioural defences of the hive that could affect
the infestation rates individually, favourable weather
conditions for mite reproduction such as temperature,
humidity, or the availability of pollen and nectar, and
the wrong entry of the bees in other hives that can
affect the infestation rates. In addition, further studies
should consider the evaluation of EOs for the control of
V. Destructor in different weather conditions and other
treatment delivery systems.

In conclusion, L. angustifolia EO provided effective
parasite control. The infestation rates in the L. angustifolia
EO treatment group were consistently lower than those
in the control group starting at the second treatment dose
due to the reproductive cycles of both species Varroa
destructor and Apis mellifera. However, E. globulus EO
did not show a consistent parasite control.
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CASE REPORT

Aneurysm of the pulmonary artery in a sheep
with pulmonary adenocarcinoma

Hélder Quintas®”, Andreia Garcés"<, Nuno Alegriad, Maria Jodo Pires?<,
Rita Campilho?, Filipe Silva®!, Isabel Pires®f

ABSTRACT. Aneurysm of the pulmonary artery is a rare condition in animals, and to our knowledge it has never been reported
in association with pulmonary neoplasia. This report describes a case of an adult female sheep of the “Churra Galega Bragancana”
breed with an aneurysm of the pulmonary artery associated with lung cancer (ovine pulmonary adenocarcinoma).

Key words: aneurysm, pulmonary adenocarcinoma, sheep.

An aneurysm is a localised dilation or blood-filled
sac of a thinner and weakened portion of a blood vessel.
Aneurysms usually develop at the point where the blood
vessel branches form, as it is structurally the most vulnerable
part (Curtis et al., 2019). They may occur in any blood
vessel, but arteries seem to be more predisposed to the
development of this lesion (Markovitz et al., 1989). A
true aneurysm comprises the three layers of the wall of
a blood vessel: intima, media and adventitia whereas
a pseudoaneurysm contains no layer of the wall of the
vessel. They can result in thrombus development and
subsequent embolization (Kim & Han, 2015). Aneurysms
are potentially fatal if they rupture, with death occurring
within minutes (Curtis et al., 2019).

Aneurysms of the pulmonary artery are rarely seen in
humans or animals. Most cases are idiopathic, but some
causes include copper deficiency in pigs, parasites in
cetaceans, syphilis, mycotic infection, chronic pulmonary
hypertension, bacterial endocarditis, neoplasia, trauma,
vasculitis and Marfan’s syndrome in humans (Sadek ez al.,
2008, Lafita er al., 2007, Martineau et al., 1986).

Aneurysms of the pulmonary artery associated with
pulmonary neoplasia have been rarely reported in humans
and, to the author’s knowledge, have not yet been reported
in veterinary medicine.
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An adult (3 years) female sheep of the “Churra Galega
Bragangana” breed (autochthonous Portuguese breed)
presented progressive weight loss (from 60 kg to 40 kg
in 3 months), body condition of 1 (in a 1 to 5 scale),
sporadic soft cough, dyspnea and change in the breathing
pattern, wheelbarrow test positive, and flow of mucous
and frothy fluid (50 mL) from both nostrils and crackle to
auscultation. A thoracic radiography and electrocardiogram
(ECG) were performed. Radiography revealed a nodular
pattern with small and diffuse nodules in the pulmonary
parenchyma and a larger lesion in the cause-dorsal lung
field. The electrocardiographic trace showed an irregular
narrow-QRS rhythm (QRS, 0.045s; normal, <0.06s) and a
heart rate of approximately 105 bpm. The QRS had deep
negative deflection (amplitude, 0.6 mV; normal, <0.3 mV).
All QRS were preceded by a P wave (positive deflection
in lead II; duration <0.04 s; amplitude <0.13 mV) and a
consistent PR interval (<0.14s). The animal died within
a few days of being examined.

At post mortem examination, the lungs failed to
collapse and were enlarged and heavy with multifocal to
coalescing subpleural pearly-white nodules, located in
diaphragmatic pulmonary lobes (figure 1A). The nodules
were dry and firm at cross section. Consolidation of
cranial regions and alveolar emphysema areas were noted
(figure 1B). The pulmonary artery had a focal dilatation
at base of ~ 2.5 cm, interpreted as aneurysm, apparently
with reduced wall thickness (figure 1C). Eccentric right
ventricular hypertrophy was also observed. The mediastinal
and bronchial lymph nodes had grey areas interpreted as
metastatic neoplastic tissue. No additional gross lesions
were detected in this animal.

Tissue samples were collected and placed in 10%
buffered neutral formaldehyde for histological examination
and stained with hematoxylin-eosin (H&E) and Masson s
trichrome. Histologically, within the grossly affected
portion of the pulmonary artery, all tunica layers were
present. However, in comparison with the adjacent and
grossly non-affected region of the pulmonary artery, the
aneurysm wall was thinner (1.135mm vs. 2.424mm),
and the tunica media had thinning, disorganisation,
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Figure 1. (A) Lungs of an adult female “Churra Galega Bragangana” sheep, are non-collapsed with multifocal to coalescing subpleu-
ral grey nodules, located in diaphragmatic pulmonary lobes. Aneurysm of the pulmonary artery is visible (arrow). (B) Macroscopic
appearance of the lung at cut surface, whitish areas are observed corresponding to adenocarcinoma. (C) Pulmonary artery of an adult
female “Churra Galega Bragancana” sheep with, focal dilatation of ~ 2.5 cm (aneurysm), close to pulmonary valve (arrow).
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Figure 2. Pulmonary artery of an adult female “Churra Galega Bragancana” sheep. The wall of the artery is thin (aneurysm) (1.135mm);
the tunica media exhibits thinning, disorganisation, fragmentation and loss of elastic fibres, and disorganisation and loss of smooth
muscle cells: H&E (A) and Masson’s Trichrome stain (B). Pulmonary artery at the level of non-affected area (2.424mm): H&E (C)
and Masson’s Trichrome stain (D).

fragmentation and loss of elastic fibres, and disorganisation
and loss of smooth muscle (figures 2 A, B, C and D).
Hypertrophy of cardiac myocytes of the right ventricle
was also observed. The alveoli were lined with a single
layer of cuboidal or columnar tumoural epithelial cells,
within a moderate to abundant fibrous stroma. Tumour
cells often form papillomatous projections into the alveoli.
Anisokaryosis and anisocytosis were low to moderate
with less than 2 mitoses per 10 high power field (400x).
A large number of foamy macrophages were present in
adjacent alveoli. Cranioventral areas showed suppurative
bronchopneumonia with neutrophils in alveolar spaces
and the bronchioloalveolar junction. Mediastinal lymph
node metastasis was present.

The morphologic diagnosis was aneurysm of the
pulmonary artery and pulmonary adenocarcinoma, with
bronchopneumonia.

Aneurysm of the pulmonary artery is very uncommon
in animals. To date, the bibliography only refers a few
reports of true aneurysm in cattle (Breeze et al., 1976)
and cetaceans (Martineau et al., 1986).

Aneurysm of the pulmonary artery could be congenital
or acquired. In the present case, no prior clinical signs
were observed. We speculate that the aneurysm, in

this case, could have been acquired secondary to the
associated neoplastic changes in the lung. Ovine pulmonary
adenocarcinoma, also known as pulmonary adenomatosis
or “jaagsiekte”(Griffiths et al., 2010) is a contagious
neoplasm of sheep and exceptionally goats, caused by a
Betaretrovirus of the family Retroviridae (Lafita er al.,
2007, Youssef et al., 2015). Although the typical form
mainly affects the cranioventral lobes, the atypical form
is characterised by tumour nodules in the diaphragmatic
lobes, or diffuse, often associated with fibrosis as in the
present case (Lafita et al., 2007).

In human medicine, there are a few described cases of
artery aneurysms or pseudoaneurysms of the pulmonary
artery associated with pulmonary carcinoma (Kim & Han,
2015). This association may be caused by the erosion of
the pulmonary artery or tumour expansion, which was
not observed in this case (Kim & Han, 2015, Wiles et al.,
2021). The hyperplasia of the tunica media observed in the
pulmonary vessels, the associated fibrosis and hypertrophy
of the right ventricle suggest that the association of the
aneurysm with pulmonary carcinoma is due to pulmonary
hypertension and the consequent increase in pulmonary
vascular resistance. The resultant increase in the post load of
the right ventricle leads to its adaptation with dilatation of
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the ventricular cavity and increase in myocardial thickness
with myocyte hypertrophy (Koneru et al., 2018, Wiles
et al., 2021) that predisposes and may be the cause of the
aneurysm of the pulmonary artery.

Electrocardiogram findings may suggest a right
ventricular enlargement (hypertrophy), according to the
values described by Ahmed and Sanyal (2008). Nevertheless,
there is no consensus in the literature on reference values
for ECG interpretation in sheep and/or possible breed
variability (Ahmed & Sanyal, 2008, Chalmeh et al., 2015).
It should be noted that the Churra Galega Bragancana
breed, an indigenous breed from the north of Portugal, has
a large ability to adapt to adverse environmental conditions,
including very cold and hot temperatures.

Aneurysms are very difficult to diagnose in animals
and often lead to sudden death. Although rare, they should
be considered as a serious complication in animals with
lung tumours.

To our knowledge, this is the first report of an aneurysm
of the pulmonary artery in sheep and the first description of
pulmonary neoplasia (ovine pulmonary adenocarcinoma) in
animals associated with aneurysm of the pulmonary artery.
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