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Abstract: We were able to distinguish immature and mature zoosporangia, zoospores and discharge tubes of
chytrid fungus, Batrachochytrium dendrobatidis, in live and dead endangered yellow spotted mountain newt
(N. microspilotus) in Kavat Stream in western Iran. Histological evidences provided from finger toes confirm
the presence of B. dendrobatidis in the host keratinized epithelial cells of the skin tissue. The newts diagnosed
with chytridiomycosis in our study included two dead adult N. microspilotus collected from the Kavat Stream
and two juveniles kept in laboratory. Clinical symptoms in dead N. microspilotus kept in a laboratory included
lack of appetite, loss of weight, loss of digits, accumulation of gelatinous material on the skin and plain fungal
infections on the body. This study provides the first record of the presence of B. dendrobatidis in live and also
cases of chytridiomycosis in dead yellow spotted mountain newts from Kavat Stream in western Iran.
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INTRODUCTION

According to the evaluation made by IUCN on the
conservation status of world amphibians this group of
vertebrates are among the most threaten taxa in the world
[1]. Population decline caused by various factors
such as habitat loss, exotic species, UV radiation,
acid precipitation, climate change, environmental pollution
and infectious disease have brought over one-third
of amphibian species to the verge of extinction [2, 3].
The causes of the global decline in the amphibian
populations are of continued research,
but infectious diseases are increasingly recognized as key
threats to animal populations [4, 5]. Reports of
chytridiomycosis as a serious disease of amphibians
caused by the fungus B. dendrobatidis shows that this
disease occurs in many localities in Africa [6],
Australia [7], Europe [8], North America [9], Asia [10],
America [11] and South America [12].
The infection has been found in both wild and captive
populations [13]. B. dendrobatidis is an important chytrid
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fungus able to develop chytridiomycosis in most of the
amphibian species. Many of these species are linked to
shocking population declines and species
extinctions [14]. Declines in amphibian population as a
result of chytridiomycosis can occur very rapidly
sometimes over few weeks [15]. This disease is able to
disproportionately eliminate species that are rare,
specialized and endemic [16].

Batrachochytrium dendrobatidis (Bd) appears to be
specific to amphibians [7] and is one of only two species
of chytrid fungus known to parasitize vertebrates [17].
Bd infection has been documented in numerous frog
species, some salamander species and a single caecilian
species (Typhlonectes sp.) in captivity [18]. The origin of
Bd is still unknown [14] and hypotheses regarding
possible sources, including Africa, Asia, or North
America, are being debated [10].
Meanwhile, amphibian declines attributed to Bd continue
to be reported in various regions including North America
[19], Central America and Asia [20]. As a result of its
global impact, the World Organization for Animal Health
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(OIE) recently listed Bd as a notifiable pathogen [21],
the first to be included for its threat to biodiversity.
Although there have been no reports of chytridiomycosis
transmission to other aquatic vertebrates the potential
spread of infectious diseases between amphibians and
fishes have been inferred [22].

Chytridiomycosis can only be diagnosed based

on direct examination of skin scrapings [23].
These examinations could be based on
histological evidence [24], immunohistochemistry,

electron microscopy [25], standard polymerase chain
reaction (PCR) [26], real time PCR [13], nested PCR [10]
and by culturing. Most of these techniques have a high
positive predictive value when used on heavily infected
amphibians. However, chytridiomycosis is a common
disease and can also be found in healthy individuals.
Real-time PCR is a highly sensitive technique and can
detect B. dendrobatidis within a short time after infection.
At present, real-time PCR appears likely to become the
test of choice for lightly infected or healthy amphibians
[27]. The real-time PCR test does not involve removal of
a toe or scarifying the amphibian and can be done on
frozen or ethanol-stored tissues, skin swabs, or even in a
weak saline solution in which the amphibian has been
submerged [28].

There are at least 21 amphibian species reported from
Iran [29] including some that are critically endangered by
TUCN criteria. The Salamandridae are represented by three
genera, Triturus, Neurergus and Salamandra [29].
The genus Neurergus has a relatively wide geographic
distribution, ranging from southern Zagros Mountains to
mid-Zagros range and extending into Iraq and southern
Turkey. The yellow spotted mountain newt occurs in Iran
and Iraq and listed as critically endangered by TUCN.
This species occurs in different climatic regimes including
warm and dry areas in eastern Iraq and also cold and wet
areas at higher elevation in mid-Zagros Range in Iran [30].
Presence of B. dendrobatidis or development of
chytridiomycosis has not been reported in any species of
amphibian in Iran. In this study we report cases of the
chytrid fungus and development of chytridiomycosis in
N. microspilotus in Kavat Stream in western Iran.

MATERIALS AND METHODS

N. microspilotus samples included in this study
were restricted to 10 adult toe clips from Kavat Stream
(N 34°52.687' E 46°36.433") collected in June 2011.
Post-metamorphic and adult yellow spotted newts were
collected by hand in the day. The newts were examined
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for any clinical symptoms associated  with
chytridiomycosis. The longest finger of the forelimb
(i.e. second or third) was cut and the wound disinfected
with Betadine. Samples were preserved in 10% formalin
solution in separate vials. Finally, specimens were
released in the streams.

The phalanges were decalcified in a solution of
ethylene diamine tetra acetic acid (EDTA) for 5-7 days.
Toe samples were dehydrated in a graded alcohol series,
cleared in xylene and embedded in wax. Microscopic
sections were prepared from toe clips through generating
serial sections with a thickness of 6 microns.
Then, tissues were stained using Hematoxylin and Eosin
(HE). The sections were then examined and photographed
under a camera microscope (Leica with Dinocapture 2.0),
allowing for simultaneous comparison and facilitating the
analysis of chytrid infections. Chytrid infections were
diagnosed based on the presence of zoosporangia with
discharge papilla embedded in the skin epithelium [26].
Each section was individually examined and scored as
infected or not.

RESULTS
Clinical symptoms in two  infected adult
N. microspilotus kept in a captive breeding facility
at Razi University included lethargy, lack of appetite,
sitting unprotected during the day, reduced or loss of
righting reflex, skin lesions, sloughing or peeling on the
outside layers of skin, erosions and ulcerations (Fig. 1).
These individuals last stages of the infection
before death were covered by plain fungus (Fig. 1).
These specimens were subjected to histological
examination for chytridiomycosis (Fig. 2). In the
toe clip collected from live newts in Kavat Steam,
there was a moderate to marked hyperplasia of the
epidermis with some hyperkeratosis and occasionally
mphocytic or granulocytic infiltrates in the dermis and,
less frequently, the epidermis. In the hyperplastic
epidermis, there were few to many intracellular fungal
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Fig. 1: A dead N. microspilotus kept in a captive breeding
facility at Razi University tested positive to B.
dendrobatidis.
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Fig. 2: A section of skin from an infected adult N. microspilotus. Note immature stage (asterisks). Mature zoosporangium
with discrete basophilic Zoospores (black arrows) and discharge tube (with arrows) containing zoospores and
empty zoosporangium after zoospores have discharged (arrows heads). E = epidermis, K= keratin layers.
Scale: largest zoosporangia are 15im in diameter. H and E. Bar = 10 um.

organisms (Fig. 2 A and B). The fungi consisted of
sporangia, 10-15 um in diameter, which often contained
2-4 small zoospores, approximately 2-3 pum in diameter
(Fig. 2C). Large number sporangia, the flask shape and
discharging tube, were clearly visible. Zoospores can be
released via the discharge papilla. On some stained
sections the rhizoids are present (Fig. 2D).

DISCUSSION

This study provides the first record of the presence
of B. dendrobatidis in live and dead tissues of
N. microspilotus. This study also provides cases of
chytridiomycosis in free living and captive yellow spotted
mountain newt from Kavat Stream in western Iran.
As shown in other species of amphibians,
B. dendrobatidis observed in N. microspilotus are limited
entirely to keratinized epithelial cells of the skin in adult or
postmetamorph  individuals. Severe infections by
B. dendrobatidis in N. microspilotus are limited to the
stratum corneum of the epidermis and consist of scattered
sporangia or small clusters of the organisms within the
cytoplasm of host cells (Fig. 2D). N. microspilotus occurs
in Iran and Iraq and listed as critically endangered by
IUCN. This newt has been reported to occur in 14 first
order streams in southern Zagros Mountains normally in
very low number of individuals. It has also been reported
in several localities in eastern Iraq. The possible role of
chytridiomycosis in distribution and abundance of this
species is not known and further investigations are
required to resolve this inquiry clarify.
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Most studies wuse histopathological analysis or
real-time PCR to determine the presence or absence of
Bd at the level of individuals in a population. Such studies
are less informative than studies examining prevalence
within populations and communities over time. It is also
possible to focus on the ways the chytrid disease can be
transferred between different species at community level.
Some authors believe it is time to shift our attention to the
question of population and community-level effects of
this disease. Diagnosis of chytridiomycosis based on
direct histological examination of skin tissue is not
adequately sensitive and can have a high positive
predictive value when used on heavy infected
amphibians. However, chytridiomycosis is a common
disease and can also be found in healthy individuals.
Further testing is needed for additional species of
amphibians throughout the country to assess potential
threats.

In subacute and advanced infections, massive
numbers of spherical to slightly ovoid intracytoplasmic
thalli will be found in multiple retained layers of unshed
epidermis (hyperkeratosis). Acanthosis also may be
present and the number of cell layers in the epidermis may
increase greatly from a normal number (3-5) to a much
larger number (= 8-15) [30]. Most thalli will appear to be
empty (clear), but some will contain indistinct basophilic
material in the core, while a few others will contain
multiple distinct minute basophilic roughly spherical
zoospores [31]. Similar to other amphibians,
N. microspilotus that die of lethal chytridiomycosis are
likely to show epidermal changes that are easily detected
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and have large numbers of B. dendrobatidis zoosporangia
infecting their epidermis [32]. Clinical symptoms in living
and dead N. microspilotus tested positive to
chytridiomycosis include lethargy, lack of appetite,
loss of digits, irregular skin sloughing, weight loss,
accumulation of gelatinous material and fungal infections
on the body.
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