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A B S T R A C T

Objectives: The main objective of this study was to analyse the antimicrobial susceptibility profile of
Escherichia coli isolates obtained from faecal samples of free-ranging Baird’s tapirs (Tapirus bairdii) in the
northwestern region of the Talamanca Mountain Range, Costa Rica.
Methods: Faecal samples were collected by opportunistic search of the study area from February–
September 2017 during seven field expeditions. Escherichia coli isolates were recovered using selective
and differential MacConkey agar medium and were subjected to biochemical identification and
antimicrobial susceptibility testing using a VITEK12 Compact automated system and the AST-N279 card.
Results: A total of 60 E. coli isolates were obtained from 63 faecal samples. Following evaluation of nine
different antimicrobial classes, 98% (59/60) of the isolates were characterised as pansusceptible; only 1
isolate presented resistance to nalidixic acid.
Conclusion: We propose that the commensal intestinal microbiota of free-ranging Baird’s tapirs in this
area remains isolated from antibiotic selective pressure, probably because seven different protected areas
converge, thus giving a possible low anthropogenic activity to the region.
© 2018 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All

rights reserved.
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1. Introduction

The Central American tapir (Baird’s tapir; Tapirus bairdii) is
the largest terrestrial mammal of Mesoamerica. It is distributed
from southern Mexico to northwestern Colombia, with less than
4500 living individuals in its entire distribution [1,2]. Due to
threats such as habitat fragmentation, hunting and, recently, road
kills, tapirs are classified as an endangered species according to the
International Union for Conservation of Nature (IUCN) [1,3]. They
occur from sea level to 3600 m.a.s.l., inhabiting a great diversity
of ecosystems throughout their range, mostly within protected
areas [2].
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Tapirs are strict herbivores, thus they play an important
ecological role as an ecosystem engineer, mainly through efficient
long-distance seed dispersal and selective browsing [4]. In
addition, habitat occupancy and population density studies in
the Talamanca Mountain Range have demonstrated that tapirs
frequently cross the Pan-American Highway and move near human
settlements [3,5]. Consequently, tapirs are a suitable species to test
for potential exposure to antimicrobial resistance determinants
disseminated by anthropogenic activity in the region.

When a wild animal acquires antimicrobial-resistant bacteria, it
has the potential to function as a vector and reservoir as well as a
bioindicator or sentinel species for resistant bacteria, with the
potential risk of transmission and dissemination of resistance
determinants throughout the environment [6,7]. Escherichia coli
colonises the large intestine of mammals and constitutes a
reservoir for antimicrobial resistance genes, which may play an
lished by Elsevier Ltd. All rights reserved.
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important role in the dissemination of resistant bacteria [8].
Several authors [9–11] have proposed a correlation between the
occurrence of resistant bacteria isolated from wild animals and
their proximity to anthropogenic activity. In addition, Cristóbal–
Azkarate et al. have already reported the presence of antimicrobial
resistance genes from faecal bacteria obtained from free-ranging
tapirs in Mexico [12].

Owing to the scarce research performed on antimicrobial
resistance in wildlife animals in Central America and to the
particular behaviour of tapirs near human settlements, the main
aim of this study was to analyse the antimicrobial susceptibility
profile of E. coli isolates obtained from faecal samples of Baird’s
tapirs in the northwestern region of the Talamanca Mountain
Range, Coast Rica. This is the first report on antimicrobial
resistance performed in free-ranging tapirs in Central America.

2. Materials and methods

This study was performed in the northwestern region of the
Talamanca Mountain Range, a region located between San José and
Cartago Provinces, in which seven different protected areas
converge. These include Los Quetzales National Park (LQNP), Los
Santos Forestry Reserve (LSFR), Cerro las Vueltas Biological Reserve
(CVBR), Rio Macho Forestry Reserve (RMFR) and Tapanti Macizo de
la Muerte National Park (TMMNP). In addition, there are two
private protected areas, namely El Páramo Wildlife Refuge (PWR)
and Private Reserve Iyok Ami (PRIA). The study area consisted of
Fig. 1. Georeferentiation and colour classification of the antimicrobial susceptibility ph
(Tapirus bairdii) in relation to the landscape variables in the northwestern region of the Ta
Quetzales National Park; LSFR, Los Santos Forestry Reserve; CVBR, Cerro las Vueltas Bio
Muerte National Park; PWR, El Páramo Wildlife Refuge; PRIA, Private Reserve Iyok Am
291 km2, centred on the Pan-American Highway (RN2), with the
limits established 4–5 km from each side of RN2 (Fig. 1).

This area was chosen because previous reports in the Talamanca
Mountain Range indicated a high density of tapirs in this area [3,5].
Recognition field trips as well as previous camera trap studies
monitoring tapir trails and latrines were performed before
collection. Scats from free-ranging Baird’s tapirs were identified
and the freshness was estimated. As a close relative to horses,
tapirs are known to be anatomically analogous to them,
consequently their scat morphology is very much similar to that
of horses, making them easy to identify. In addition, no other
terrestrial mammal with scats larger than tapirs’ inhabits this area.
Hence, faeces were collected by opportunistic search from
February–September 2017 during seven field expeditions. Samples
contaminated with soil and/or fungi, immersed in water or
considered old (based on organoleptic characteristics) were
excluded. Each sample (5–10 g) was collected from the centre of
the scat using new nitrile gloves for each sample and a cotton swab,
avoiding the surface to avoid environmental contaminants. Most
faecal samples were collected in tapirs’ trails or latrines. Samples
were stored at 4 �C and were transported to the Bacteriology
Laboratory of the School of Veterinary Medicine of the Universidad
Nacional de Costa Rica (Heredia, Costa Rica) for analysis.

Samples were directly cultured on standard MacConkey agar
(Oxoid Ltd., Basingstoke, UK) or MacConkey agar supplemented
with 2 mg/mL cefotaxime (Sigma, St Louis, MO) to screen for
resistance to third-generation cephalosporins and were incubated
enotype of 60 Escherichia coli isolates obtained from faeces of free-ranging tapirs
lamanca Mountain Range, Costa Rica (February–September 2017) [14,15]. LQNP, Los
logical Reserve; RMFR, Rio Macho Forestry Reserve; TMMNP, Tapanti Macizo de la
i.
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for 24 h at 37 �C. Typical lactose-positive E. coli colonies were
screened by indole test (positive) and were further identified using
a VITEK12 Compact automated system (bioMérieux, Durham, NC)
using the GN card. One colony per plate was isolated on tryptic soy
agar (Oxoid Ltd.) to perform antimicrobial susceptibility testing.
Escherichia coli ATCC 25922 (cefotaxime-susceptible) and Klebsiella
pneumoniae ATCC 700603 (cefotaxime-resistant) were used as
quality control strains.

Antimicrobial susceptibility testing was performed using a
VITEK12 Compact automated system and the AST-N279 card
(bioMérieux) and the results were interpreted according to Clinical
and Laboratory Standards Institute (CLSI) guidelines [13]. The AST-
N279 card includes the following antibiotics: amikacin; gentami-
cin; cefotaxime; ceftazidime; cefepime; cefalotin; ampicillin;
piperacillin/tazobactam; ampicillin/sulbactam; imipenem; mero-
penem; ciprofloxacin; nalidixic acid; trimethoprim/sulfonamide;
colistin; and nitrofurantoin.

The geographical location of each sample was displayed in
maps using QGIS Geographic Information System software [14].
The map was constructed using several layers from Costa Rica’s
conservation areas, protected areas, landscapes, rivers, human
settlements, road network and livestock farms using the National
Registry of the National Geographic Institute [15]. Landscape
variables such as forest cover, land use, and distances (in km) to
human settlements, livestock farms, RN2 and water bodies were
included in the analysis. The variables where each sample was
collected were recorded and analysed descriptively, measuring the
distance between the collection site and each variable.

Each isolate was graphically displayed on the map and the
presence or absence of antimicrobial resistance was determined. A
descriptive analysis of the landscape variables was performed for
each isolate.

3. Results and discussion

In total, 63 individual faecal samples from free-ranging Baird’s
tapirs were collected, including 38 (60%) collected in TMMNP, 16
(25%) in LQNP, 6 (10%) in PRIA and 3 (5%) in CVBR. All samples were
collected in protected areas. Nineteen different latrines were
sampled, and 84% of samples (53/63) were collected in latrines. In
addition, 46% of samples (29/63) were collected in tapir trails, 21%
(13/63) were collected close to water bodies such as rivers or
creeks, and 27% (17/63) were collected near places with abundant
endemic bamboo Chusquea spp., the tapirs’ main source of food in
this region [16]. According to forest cover, 37% of the samples (23/
63) were collected in paramo vegetation, 8% (5/63) in primary
forest and 56% (35/63) in secondary forest.

Based on previous field observations, tapirs frequently use
latrines and these are usually located near spots with abundant
Chusquea spp., important sites for tapirs as foraging and sleeping
places [16]. Considering the population density of tapirs in the
highlands (2.92 ind./km2) [2,5] and home range overlap in low-
lands [17], the latrines and these places could be areas where
different individuals share intestinal microbiota, therefore it is not
possible to know whether more than one sample was collected
from the same animal.

Dairy cattle and trout farms located near or in the study area
may be a possible source of dissemination of resistance
determinants to the environment; first, because of the potential
runoff of resistant bacteria; and second, because several years ago
some dairy cattle and trout farms were closed by health authorities
owing to inadequate sewage water management in the region. In
addition, tapirs are reported to inhabit close to human settlements
[2,3,16], however, it was not possible to sample near these farms.
Hence, we suggest performing an analysis of antimicrobial
resistance in faecal bacteria from livestock and trout as well as
environmental bacteria (water or soil) around these farms to
estimate the potential risk of the dissemination of resistance
determinants to wild animals [18].

Based on the location of faeces, tapirs inhabit close to several
human settlements in this area. The nearest human settlement was
observed at 216 m from the nearest faeces collection site. Human
settlements in this area consist of small villages and lodges. Most of
them are located near RN2. Besides RN2, there are a few dirt roads
in this area. Close contact of humans with tapirs is frequent due to
habitat occupancy [3], moreover poaching still occurs. Conse-
quently, human settlements, RN2 and dirt roads may be potential
sources of dissemination of resistance determinants to the
environment inhabited by tapirs.

Depending on the collection site, we proposed that landscape
variables may have a different influence on the selective pressure
for antimicrobial-resistant bacteria on the tapirs’ intestinal
microbiota. Therefore, it would be interesting to further determine
individual exposure to the selective pressure for resistance
determinant dissemination by each landscape variable, using a
case–control study with molecular studies to identify individual
animals.

A total of 60 E. coli isolates were obtained. Escherichia coli
isolates were not recovered from three faecal samples collected at
the highest altitude of all collection sites. The antimicrobial
susceptibility profiles of these isolates presented 98% (59/60)
pansusceptibility. Only one sample showed resistance to nalidixic
acid (Fig. 1). The low antimicrobial resistance obtained contrasts
with several studies performed in wild animal samples in which
high levels of resistance were detected [6,11,12,19]. The main
difference of the current study is related to the landscape sampled.
Most of the cited studies were performed in semi-urban places or
areas where wild animals were in close/direct contact with
humans and domestic animals. The current research was
performed in a region where seven protected areas converge with
a seemingly low anthropogenic activity. Anthropogenic activity or
human proximity is the main force determining the genetic
structure of commensal E. coli, therefore the antimicrobial
resistance profile could be a reflection of anthropogenic activity
[6,9,10]. The low antimicrobial resistance in isolates from wild
animals may be related to the low exposure to antibiotics, or in
places with a low anthropogenic activity where the natural
evolution of the resistome tends to a low persistence of resistance
mechanisms [6,8,10,18,19]. The current results suggest that the
northwestern region of the Talamanca Mountain Range promotes a
low selective pressure towards the acquisition of resistance genes
in the intestinal microbiota of tapirs, probably due to low
anthropogenic activity.

Antimicrobial susceptibility profiles among different wild
animals sharing the same habitat may be similar [8]. Tapirs spend
almost 90% of their activity foraging. These foraging sites are
shared with other species [5,16]. As a sentinel species, the current
findings might reflect the antimicrobial susceptibility situation of
other species sharing this habitat with tapirs.

We propose that the environment inhabited by these tapirs
promotes a very low dissemination of resistance determinants and
therefore low acquisition of these determinants in the intestinal
microbiotaof tapirs.The resultssupportthenotionthathabitatswith
an apparently low anthropogenic activity, such as protected areas
where contact between humans, domestic animals and wildlife is
scarce, decreases the probability of transmission of resistance
determinants. Protected areas consequently have a positive impact
in protecting animals from antibiotic selective pressure and
anthropogenic activity. We consider this a valuable conservation
input in terms of antimicrobial resistance, with the main aim to
develop conservation strategies in regions near protected areas, such
as antibiotic usage control by health authorities.
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