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Chytridiomycosis, caused by the amphibian chytrid fungi Ba-
trachochytrium dendrobatidis (Bd) and Batrachochytrium sala-
mandrivorans (Bsal), is an infectious disease implicated in the
declines of over 500 amphibian species worldwide (Scheele et al.
2019). Amphibian population declines associated with the disease
have been reported from all continents where amphibians occur,
with the exception of Asia (Mutnale et al. 2018). Current evidence
suggests that Bd originated in Asia (O’Hanlon et al. 2018) and five
of the six known lineages of Bd have been detected on the conti-
nent (Farrer et al. 2011; Schloegel et al. 2012; Bataille et al. 2013;
Rodriguez et al. 2014; Byrne et al. 2019).

The Hoang Lien Range in northwestern Vietnam is within the
Indo-Burma biodiversity hotspot (Myers et al. 2000) and contains
the last remnants of native forest of the northern Viethamese
highlands (Hoang et al. 2014). The region is within the suspected
native range of Bd and supports a diverse amphibian fauna with
more than 80 species of amphibians currently described (Ohler et
al. 2000; Matsui et al. 2017; Tapley et al. 2017a, Tapley et al. 2017b;
Tapley et al. 2018). This includes two microendemic, Critically
Endangered megophryid frogs, Oreolalax sterlingae (Nguyen et
al. 2013; IUCN 2015a) and Leptobrachella botsfordi (Rowley et al.
2013a; IUCN 2015b), the former is restricted to Mount Fansipan,
Vietnam’s highest mountain (Nguyen et al. 2020) and the latter is
only known from Mount Fansipan and Mount Pu Ta Leng (Tapley
et al. 2020). There are several other threatened frog species from
the region and three newly described Megophrys species from the
area are likely also threatened (van Dijk et al. 2004; Lu et al. 2014;
Tapley et al. 2017b; Tapley et al. 2018). As a result, Mount Fansipan

JENNIFER SHELTON

MRC Centre for Global Infectious Disease Analysis,

School of Public Health, Imperial College London, UK

e-mail: j.shelton@imperial.ac.uk

MATTHEW C. FISHER

MRC Centre for Global Infectious Disease Analysis, School of
Public Health, Imperial College London, UK

e-mail: matthew.fisher@imperial.ac.uk

JODI J. L. ROWLEY

Australian Museum Research Institute, Australian Museum,

1 William St, Sydney, NSW, 2010, Australia;

Centre for Ecosystem Science, School of Biological, Earth and
Environmental Sciences, University of New South Wales,
Sydney NSW 2052, Australia; e-mail: jodi.rowley@austmus.gov.au

Herpetological Review 51(4), 2020



AMPHIBIAN AND REPTILE DISEASES 727

TasLE 1. Full list of the 601 Batrachochytrium dendrobatidis-ITS qPCR results organized by sampling year and site from the Hoang Lien Range,
Vietnam. Bold rows indicate surveys where Batrachochytrium dendrobatidis (Bd) was detected. Protocol numbers and all metadata (species,
age class, location, site, date, and genomic equivalents) are available from doi:10.5061/dryad.cjsxksn3v. Batrachochytrium salamandrivorans
(Bsal) sample sizes are also indicated; Bsal was not detected at any site.

Year Site number Site Bd Prevalence Bd Prevalence C.I. (95%) Bsal sample size per site

2015 1 2800 m, Mt Fansipan 0/15 0-21% 0
22.3146°N, 103.7657°E

2015 2 2200 m, Mt Fansipan 2/23 1-30% 0
22.3283°N, 103.7818°E

2015 3 1900 m, Mt Fansipan 0/13 0-25% 0
22.3507°N, 103.7714°E

2015 10 1026 m, Ban Hoa 0/1 0-98% 0
22.2586°N, 103.9643°E

2016 1 2800 m, Mt Fansipan 2/22 1-29% 0
22.3146°N, 103.7657°E

2016 9 1770 m, 8 km NW Sapa 0/7 0-41% 0
22.3821°N, 103.7870°E

2016 3 1900 m, Mt Fansipan 0/4 0-60% 0
22.3507°N, 103.7714°E

2016 4 1200 m, Mt Fansipan 0/2 0-84% 0
22.3226°N, 103.8286°E

2017 3 1900 m, Mt Fansipan 0/45 0-8% 0
22.3507°N, 103.7714°E

2017 4 1200 m, Mt Fansipan 0/24 0-14% 0
22.3226°N, 103.8286°E

2017 2 2200 m, Mt Fansipan 0/31 0-11% 0
22.3283°N, 103.7818°E

2017 7 2800 m, Mt Ky Quan San 0/9 0-34% 0
22.5005°N, 103.6040°E

2017 6 2100 m, Mt Ky Quan San 0/6 0-5% 0
22.5061°N, 103.6152°E

2017 1 2600 m, Mt Fansipan 0/33 0-11% 0
22.3146°N, 103.7657°E

2018 8 2000 m, Mt Pu Ta Leng 0/17 0-20% 17
22.4325°N, 103.6300°E

2018 2 2200 m, Mt Fansipan 0/60 0-6% 43
22.3283°N, 103.7818°E

2018 3 1900 m, Mt Fansipan 0/48 0-7% 48
22.3507°N, 103.7714°E

2018 4 1200 m, Mt Fansipan 1/6 0-64% 6
22.3226°N, 103.8286°E

2018 1 2600 m, Mt Fansipan 0/45 0-8% 35
22.3146°N, 103.7657°E

2018 5 2500 m, Mt Fansipan 0/31 0-11% 31
22.2959°N, 103.8042°E

2019 3 1900 m, Mt Fansipan 1/52 0-10% 0
22.3507°N, 103.7714°E

2019 2 2200 m, Mt Fansipan 0/44 0-8% 0
22.3283°N, 103.7818°E
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TasLE 1. Continued.

Year Site number Site Bd Prevalence Bd Prevalence C.1. (95%) Bsal sample size per site
2019 1 2600 m, Mt Fansipan 0/6 0-5% 0

22.3146°N, 103.7657°E
2019 5 2500 m, Mt Fansipan 0/22 0-15% 0

22.2959°N, 103.8042°E
2019 4 1200 m, Mt Fansipan 0/35 0-10% 0

22.3226°N, 103.8286°E
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Fic. 1. (A) Map of amphibian sampling sites for Batrachochytrium dendrobatidis (Bd) in the Hoang Lien Range, Vietnam; black dots in-
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dicate sites where Bd was not detected and blue dots indicate sites where Bd was detected at least once over the five-year study period.
(B) Proportion of amphibian individuals (N = 601) of 40 species sampled by family.

has been identied as a priority site by the Alliance for Zero Extinc-
tion (AZE 2016).

Previously, efforts have been made to determine the pres-
ence and prevalence of Bd in the Hoang Lien Range at elevations
between 600 m and 900 m; Bd was not detected in any of the 82
samples analyzed (Swei et al. 2011). This study aims to investi-
gate the presence of Bd in the Hoang Lien Range in more detail
and at higher elevations, as well as any patterns in Bd infection
in space, time, and host species over a five-year sampling period.
This study also aims to investigate the presence of Bsal in the Ho-
ang Lien Range.

Visual encounter surveys were undertaken between 1900 h
and 2300 h by 2-7 persons in the Vietnamese Winter (December
2017), Spring (March 2018 and April 2019), Summer (June 2016,
June 2018), and Autumn (September 2015, September 2017, and
September 2018). Surveys were undertaken in Lao Cai Province
(Sa Pa and Bat Xat districts) and Lai Chau Province (Tam Duong
District), at Mount Fansipan, Mount Pu Ta Leng and Mount Ky
Quan San (Table 1). Surveys at four sites (sites 1-4, Fig. 1A) were
conducted across an elevation gradient and were repeated up to

four times each year, whereas the other surveys were opportu-
nistic. Each amphibian was identified to the species level (where
possible) and swabbed with a sterile dry swab (Dryswab MW100,
Medical Wire & Equipment, Corsham, Wiltshire, SN13 9RT, UK)
before release. Post-metamorphic amphibians were swabbed in
a standardized way, with a total of 30 strokes; five times on the
underside of each thigh, shank, and hind foot. Tadpoles were
swabbed by placing the swab against their mouthparts and rotat-
ing the swab 360° ten times. Animals were handled with powder-
free nitrile gloves which were changed between each sampled in-
dividual. Swabs were then sealed in their accompanying sleeves
and kept at room temperature before being transferred to diag-
nostic laboratories in the UK.

Molecular analyses were performed in laboratories at Impe-
rial College and the Zoological Society of London (ZSL) Institute
of Zoology (Method 1) and the ZSL Institute of Zoology (Method
2) according to the following protocols; only one method was
used per sample: in Method 1 (421 samples from 421 individual
amphibians), we performed Bd-ITS quantitative PCR using meth-
ods and primers described in Boyle et al. (2004). Briefly, DNA was
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extracted from swabs using PrepMan Ultra sample preparation
reagent (Applied Biosystems, Foster City, California, USA). The Ct
threshold was set to ARn = 0.1. Dilutions of 1:10 were run in dupli-
cate and considered positive if both wells amplified and were over
0.1 GE after accounting for the dilution factor (genomic equiva-
lents where 1 GE is the quantity of genetic material present in a
single zoospore). These samples were run against duplicate stan-
dards of 0.1, 1, 10, and 100 GE of Bd (globally-dispersed pandemic
lineage; isolate IA042 from the Spanish Pyrenees). Samples were
run in duplicate with two negative controls (where the DNA tem-
plate was replaced with filtered water) per plate. In Method 2 (180
samples from 180 individual amphibians), DNA was extracted
from the swabs using Qiagen DNeasy following Boyle et al. (2004)
and analyzed by qPCR, using Bd and Bsal specific primers and
probes, following Blooi et al. (2013) duplex qPCR. Bovine serum
albumin (BSA) was included in reactions to reduce amplification
inhibition (Garland et al. 2010). In combination with samples,
positive controls of known Bd and Bsal concentrations (100, 10, 1,
and 0.1 zoospore genomic equivalents: GE) and negative controls
were included in the assays. Samples were run in duplicate on
PCR plates and repeated until both wells gave identical positive or
negative results. The Clopper-Pearson 95% confidence intervals in
prevalence data were calculated using the binom.test function in
base R (R Core Team 2013).

Atotal of 601 samples (individuals) from 40 species of amphib-
ians were analyzed for Bd over a five-year period. This represents
one of the most intensive surveys for Bd undertaken in mainland
southeast Asia to date. There were six Bd detections from these
samples which gives an overall prevalence of 1% (0.37-2.2% (CI)
(Table 1) and infection intensity was low (average 0.5 GE, range
0.1-2.16 GE). Bd was only detected in post-metamorphic am-
phibians. Method 2 was only run for some of the samples col-
lected in 2018 and 2019, and we did not detect Bsal in any of the
180 samples (individuals) from 27 species of amphibians tested.
Through a combination of low infection prevalence and intensity,
our results show that it is challenging to accurately determine Bd
prevalence within this region. A low prevalence of the pathogen
requires large sample sizes to be confident of detection (Gray et al.
2017), whereas low intensity of infection increases the probability
of false negatives (Sabino-Pinto et al. 2019).

Given the low prevalence of Bd within this dataset it is not
possible to infer temporal trends. There were two Bd detections
in each of the first two years, and despite an increase in sampling
effort there were only two Bd positives in the remaining three
years of the study (2017-2019). We found Bd to be present at 4 of
10 (40%) sites sampled (Table 1). Given the low overall prevalence
and lack of repeated Bd detections in these positive sites over suc-
cessive years, we cannot exclude the possibility that Bd is present
at sites where we have not detected the pathogen.

Half of the individual frogs swabbed were from the family
Megophryidae (Table 2 and Fig. 1B). The six Bd-positive individu-
als were from five species of frog occurring between 1200 m and
2800 m in elevation. Two of these species were newly described
and potentially highly threatened megophryid frogs (Table 2). We
did not detect Bd in any of the Critically Endangered species (Ta-
ble 2) and we did not encounter any amphibians exhibiting clini-
cal signs of disease.

With recent work demonstrating that Bd originated in East
Asia (O’Hanlon et al. 2018), there will likely be an increased inter-
est in the ecology and distribution of Bd within its native range.
We found a typical endemic pattern of low-prevalence and low-
intensity of infection which is consistent with other studies on the

continent (Kusrini et al. 2008; Mendoza et al. 2011; Savage et al.
2011; Swei et al. 2011; Gilbert et al. 2012; Rowley et al. 2013b; Le et
al. 2017; Mutnale et al. 2018). We also found that the majority of
Bd-positive animals were high-elevation, stream-associated spe-
cies (Table. 2) which has been a pattern observed in the declines
of amphibian communities in the Neotropics where Bd has been
introduced (Berger et al. 1998; Daszak et al. 1999; Lips et al. 2006).

The international trade of amphibians has been implicated
in the introduction, and accelerating the spread, of pathogenic
amphibian chytrids (Garner et al. 2009; Schloegel et al. 2009;
Wombwell et al. 2016; Fitzpatrick et al. 2018). Wild-caught Bom-
bina microdeladigitora (Fire Bellied Toad) are exported to exotic
pet markets in Europe (Nguyen et al. 2017). Our findings show
B. microdeladigitora were Bd positive within their native range,
complimenting evidence from Nguyen et al. (2017) who found B.
microdeladigitorain the District of Sa Pa positive for Bsal. Further-
more, some of the B. microdeladigitora exported from Vietnam to
Germany for the international pet trade have tested positive for
Bsal (Nguyen et al. 2017). Together these findings reinforce the
pathogen-pollution risk of the wildlife trade from northern Viet-
nam, and more generally.

While the overall Bd infection dynamics of the Hoang Lien
Range imply that there is little immediate cause for conserva-
tion concern, the impact of the pathogen within Asian amphib-
ian communities remains unknown and we encourage continued
surveillance of the region, especially at sites where range-restrict-
ed and highly threatened amphibians are present. It should be
noted that climate change is expected to alter disease dynamics
in montane systems through a shift in host-parasite interactions
leading to cold-adapted populations of amphibians being more
susceptible to lethal chytridiomycosis during unusually warm
conditions (Xie et al. 2016; Cohen et al. 2017; Sauer et al. 2020).
Further work will be needed to understand whether the pathogen
could become a future threat in this region.
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Batrachochytrium dendrobatidis from Amphibian and eDNA
Samples in the Peace Region of British Columbia, Canada

The amphibian chytrid fungus Batrachochytrium dendrobati-
dis (Bd), aleading cause of worldwide amphibian declines (Stuart
et al. 2004), has been recorded in Canada since the 1960s (Ouellet
etal. 2005) and is widespread within Alberta and British Columbia
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(Slough 2009; Govindarajulu et al. 2010; Stevens et al. 2012; Rich-
ardson et al. 2014). In 2008 and 2009, in response to concern about
effects of chytridiomycosis on native species of amphibians, the
Ministry of Environment of the Province of British Columbia,
Canada, conducted a province-wide survey of the distribution of
Bd (Govindarajulu et al. 2010). The survey determined that Bd was
widespread and recommended additional monitoring of effects
on amphibian populations (Govindarajulu et al. 2010). A survey
of Bd occurrence in captive animals in British Columbia advanced
provincial knowledge of the pathogen’s occurrence in trade mar-
kets, with one non-native frog from a pet store testing Bd-positive
(Govindarajulu et al. 2017). However, limited sampling has been
conducted within the Peace Region, and therefore the extent of
Bd in this region is not well known. Five native amphibian species
occur in the Peace Region of British Columbia: Columbia Spotted
Frogs (Rana luteiventris), Western Toads (Anaxyrus boreas), Wood
Frogs (Lithobates sylvaticus), Boreal Chorus Frogs (Pseudacris
maculata), and Long-Toed Salamanders (Ambystoma macrodac-
tylum). Of these five species, Columbia Spotted Frogs, Western
Toads, and Wood Frogs are known to be susceptible to Bd infec-
tion (Russell et al. 2010, 2019; Gahl et al. 2012). The goal of this
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