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ABSTEACT: The ability to quantify infections provides a ool will which 1o pertorm comparative
pelbielogieal research. The need exists tora stmplistic standard method to compare nfection levels ol
Batrachochytrium dendrebatidis, a major cause of global amphibion declines, Through esxamination
ol skin sloughs of the Cape niver brog Adrpa tnsciqila, we prasent an accessible method that net enly
provides quantitative measurements of B, desdrobalidis, bul also provides inlormation that increases
Ihe cogldence ol delection throsagh bistoloogical surveys, The melthod relics on the availability of live
animals that are actively shedding skin. By employing o direcl miceescopic counl of spovangia, it is
possibla o express mlecton in terms of density. Micro-spalial infection in the sldn of A, fuscigulu s
characterised by significant diffcrences in sporangivin deosily wnong The diflerent components of
[he Lol and by sonibar differences in site infection traquency. Motahly, toe tips and tubercles conlain
higher mkection densitics ancd are more ofton infecled Uan webbing or the base of the toot, This
petllern ol mlechon maght lictlitale disease transmission due fo the inereased cxposure of these conn-
ponents to abrasion. Density data can be used wilh the Poissen Dregquency lunclion to approximate
Banonial probabihbes of detecting 8. dendreahatidie through histology. The probability malris pro-
duced for A\ fascigula indicated that foot-site seleolion Lor histology markedly influenced the nmber
ol secliuns required o delect B dendrobaticis af & spacitic level of probability. Thus, cxaminalion ol
a test sample of skin tissue with divect-counl quantilicalion can belp e planning the sampling of
lissoes for buslologeal surveses,
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INTRODUCTION
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Cne ot the major thraats to amphihian bndivaergily is
lhe wrnerging  infeclious  disease r.'t]}'u‘idir.ml‘_,rn:o:sl‘;.
canged by the amphibian chytrid fungus Batracko
chvhEum dendrebaticis [Daszale ot all 1999, Longeore
ot al. 19989, The discasc has been associabed will
armphibian dealhs and populotion decliness novanoos
prarls ol the globe, nclodiew MNocth Acnesien, Oentral
Adrsrica, Ausiraln, Borope and Atrica (Berger et al.
Ta5E, Clarew of al. THHY, Hosch et al 2007, Lips af al
A Welden & D Preez k) The amphilbian
chylridd develops in the outer keratinised layer of the
cpidermis in metamorphosod frogs and is conoentrated

Craail drkowpak neza

in the reqion ol the leal, hind logs and pelvic patcl
[Berger el al, 1998, Pessicr ot al, 1999), These areas of
skin are the least suscoptible Lo delvedralion and are
frequently in contacl wiltly owaler, wilieh o fm
inereases exposue L e anfeclive slige of the disease
Srguizm, nammely waler-borme zoosporas,

Warious imucroscopic teehnigqnes ineleding wel monnt
axdnmination ot skin serapes or shed skin, oyvtology and
histaleoy are nsed to identify chytridicnmyeosis, while
other diagnostic tests spocific for Bafrachoodyleinm
dencdrobaticdis that rely on mmunohistochenstey and
molecular  properties  hove  also been developed
[Berger el al, 1999, Longoers 2000, Berger et al 20002,
Annis el al, 2004)0 However, exeapt tor the real-lime
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POR CTagqman assay (Boyle et all 20id], none ol Lhe
melhods serve as o loul lor guantifying infection. "The
alidlity 1o quantity an inleclion has application in com-
parative experimeantal and basie rescarch i the telds
ul pathology, imrineingy and epademiology, The real
tine POR assay has many ardvantages Devawse il oper-
ales willt a high degree of semsitiviby lor diaguoslic
prpeses w0 skin samples, with the ahility Lo gquanlily
infection down e o single zoospore {Doyle atal, A004],
Monetheless, il doss nol provide gquantitative infirma-
Hon on the pattern of distribution on amphibian skin
and is not readily available owing Lo the lovel of tech-
nulogy iwvolved,

Several anthors have made incidenlil comments on
The iatensily of infection while describang histologi-
cally observed microscopic lesionsg of intections rom
cage Teporls of worlalily cvents and he atenme ol
exparimental fransmission. In these references, intec-
tion inlensity has been described in terms ol degres of
chytrid numbers [Michols el al, 2001, percentage of
skin surface infected nn histolegiesl seclions {Daszak
el oal, 2004, Hanselmarm et al. 2004) and layers
ol inlecled keratindzed cells (Parrowes el al, 2004,
raseiak el al, 2004, Hanselmann et al. 20047, I -
comes diflicull o compars species or experimenial
OrOnTIS wWhin yiarious mezthods are in use, of which the
paired relationstups have aol been determined . Tur-
thermora, the varabalily of Balractochyinum dendeo-
batidis infection among los clips: where not all toes of
he same individoal are intected, conedlen Dzad Lo false
negulives in the data sel (Bovle etal. 2004, Relallick ol
al, 2004), resulting in an under-represeolabon of
prevalence o populations, This wariability beoones
more apparenl o animals with low levels ot intection,
therehw increasing e chances of overlooking the
suspect organism. Therelore, a need exists Tor a stan-
dlardised technigque by which B, dendrebatidis in-
[cetion can he quantiticd nol oust [or comparative
tesearch, but also for providing acourale information
Ll will increase the confidencs of delecluw infeclion
Lhrouyl histological survevs. Such a lechnugue should
b goeessible o most worliers in the Held and shoold
preferably ool tequire advanced skills bavond aceu-
rately diagqnosing wuphibion chytrid mfection,

In this study we presenl o quantification technigque
for Ratrachochrimam  desdrobalidis in apparently
healthy and maribund trogs hal makes ose of one of
L rnost cormnonly noted clinical syiploms of chytid
iy esis, namely the tendancy to stough shin more
treqquendly, Sloughed skin containg chisters of chylid
thalli, the abundance and distribulion of which corre-
spomads to The seclion of skin on the donor frog. By util
isineg this slersghed ski, nleclion can be quanlilied by
dotermining sporangiwn densily across the foob An
imprint ot the toat is left in skin sluaghs in which the

diflerent components of the oot [tnes. walbhing el
vinrt be dislinguished from cach other The procedarss
for quantiicabion are demonstrated on the Cape tiver
froog Atrana fusogpudia: o coroon inhabitant of rivers,
slreams and dams in Lhe Weslein Cape, Eastorn Cape
and parls of the Northern Cape provinces as well as
the contral plateau of Snuth Atres Inoaddiliomn, mon-
phology of the hind feet was nsed tn characlanse Lhe
nero-spalial distribution of mlection. The teet of A,
fuserenala are exlensively wobbed, pointed toss rontain
anbregrlicoular lubercles, and an inner metatarsal tober-
ele s present on e base ol e foot, This paper pre-
senis (1 sats of informalion perlatning Lo the quantifica
tHon technigque: (1] 8 step-by-slep appreach 1o quantily
infection by 11 dendrobaficliz. |2) characlersalion of B
dendrohatidis infection in AL fscigrla, and |3 applica-
lon of e guantification technigque in the selaction
ol lssue lypes DTor histological disgnosis of chytridio-
YOS,

MATPRIALS AND METHODS

Source and collection of specimens. During Bay
2004, a discaze survey of frags was carried ont in the
sei-deserl Mamagualand  region in the MNorthern
Clitpee Provinee of South Afvica, whicl forms part of the
sSucrulent Karoo biome, A lerge population of Afrana
fnecignla inhatuling o shallow shieam on privately
owned land on the platean of e Bunumiesberg (alti-
tucle 1100 m) was used as the source of sludy animals,
The porennial sleeam was ted by seepage frone u pond,
buill in a riverhed that only receivacd water dunngg o
sherl rain seascn nowinter (Sday Lo Julvl Mo moeribornd
or sk [rogs were obscrved, and apparently healthy
adulis were collecled and placed in separate conlain-
ers that were lransporled i loge cooler boxoes, Trogs
were ingdividually henssd m an air-conditioned room
(2077 in rectangular plastie conlainees (220 0120 «
170 mm) with vemtilated lids. The conlinners were [it-
ted with o oraised plattorm that divided e base ot
wil and dry areas,

Cruantification of sporangia in skin sloughs. Prepa-
rilion of sloughed skin samples: Bach [rog was placed
in o sepdrale conlainer with 100 ml dechlorinaled tap
water and lell [or 24 h in ¢ lomperature-contralled
ey 20000 Ehal allowed line for the sloaghing of
slein, Sliin slonurhs trom The hind Ieel ddentilicd by
their shape and presence nl dense unpressions [Dom
the tubereles) were removed trom weler baths aod
translerred to microscope slides, Two sharp nosdles
woere el 1o spread out the sldn evenly over the slida
wilh The lubercles lacing upward. uncer observation
with & dissecling wicroscope, Cover slips were adedid
and the specimans observed wilha compound micro-
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aonpee. Bkin sloughs from all frogs wele scieensd [or

amphibian chytrd infoction in tis way, bual only whole

skin sloughs (fool Duse dnd 5 loes intact) were selacted
for the counling ol sporang,

Countting of zoosporangia: ‘I'he following method
ology wis used:

1) Helect the 4t objaclive of the compeound micro-
senpe and place the stage micrometer in pesilion on
[he mechanical stage,

id] Measure the diameter of le mueroscope Held of
viewr,

(3] Calewdale the arei of the microsoepic tisll by using
e eyualicn med,

4] Alygn Lhe preparad slide so thal an imaginary line
Ihraugh the lengest section of the skin slough is
parallel with the x-axs of the microscope =lage
[[Fig, 1) This ensures that, U Luroing lhe xe-daxis
adjustment knob of the microscops, Lhe observer
weill mot dlewiate Irom e dnaginary lne transecting
the longest seclion.

(3) Starting al one end of the skin slongh and. while
vy Lhe shide alomgg the designated ads, counl
sporangia within each lield lor the entive length of
the skin slengh MNote that hocause lelds do ool
awarlap, bul touch at the edgoes, 2 roughly Loangu-
lar wreas [with concave sides) will be omitted
Botween adjacon! fields,

[G) Adicpn the slide so lhal the wides] section of the skin
slough 15 parallel wilh Lhe y=axis of tha T TOSCope
sluge, The designated axis along Lhe width of the
skin slongh is therefore at a vight ancle with the -
an1E (1. 1].

[#) mtartingg al ene end of the skin slough and woving
the slide along the designated axis, counl sporandgid
within cach ficld for e eulice widlh of The skin
slongl.

(8] Caleulate wean munber ol sporandgia nbserved por
leld of view [or all belds inclodad in the x- and 1
wies, Converl Lo sporangia mm # Lsing the lnown
microseopa fielil area.

Additional conmnt data and measurements, Spo-
ranginm dansity was also caleulated for dillerent siles
relating o the compencnts of the leel, nunely loes,
toe tips, tubercles, wobbing and baese of he foot, Skin
stongrhs from all 23 jalecled rogs wers used tor this
analysis regardless ol Lthe degres to which the oot
shin slougly wis nlack. The compomeants were casily
dislinguished from one anather in sloughed skin by
lhear shape, surtace texiure and relative position Lo
eme another [Fig, 21, Sporangiom counts sere mades
n microscope telds along a single slraighl line Trom
the proximal to the distal end of each component.
The mumber of cach componenl il was measurad
varicd with e degree Lo which the skin slough was
intact,

Mmensions of sporandgia and clusler sie were mea-
sured with an eyvepiece yraliculs and expressed as
mcan £ 50 Groups of sporangin were defined as clus-
tovs when e area ol pnintected skin between such
groups wis wider than the diamelor of the larger of 2
adjucenl groups, Only groups of 210 sporangia werse
teasured B determine cluster size. s addilion, cluster
density imean no- of clusters mm ™) was calealated for
each of the 3 components of e [ool. While the spo-
rangiom counts woere made, the number of ehisters was
noted. Because e arew o the microscnpic leld was
ke, clusler densily could he caleulated, Spocimens
were agoln sereemw] for sporengia of Batiaclioohv-
b dendrabafidis atter 4wl in captivity Lo conlinm
mfeclien statns,

statistical analysis, All stalislical analyses were
cnmpited using the Stalistica 7 sollware package. The
Shapire-Willt's tesl was used Lo lesl for normality of
count data (sporanyia per leld), Transtormations wero
performed on count dala by using loacy, soquiare root and
sguare Lanslormaliong. Kruskal-Wallaco tosts wire
wsed Lo analyse bivariate assoctations among L den-
silies of Batrachoctvivivm deadrabatidis on he loes,
Lisix Lipes, tubercles, wieblhing arad Tool Buase,

The Poisson frecuency luoclion, presented by Rica
(AR5, was uscd to approxiimate inomial probahilitios
ol detecting Babrachoch vl dencrobaticdis onoa 3 =
3 skin sample when using histelogy as diagnestic
tool, The calvulalions made use of the principle
thal sporangid were qranped togethor in clusters, Ul
all seclions were of aoual size (6 pm), and were bisesd
an the assumprion that data (ollowed o Moasson
diztribntion,

Pug. 1. Alsang fuscigoda, Wel mouant of sloughed skio Leom
the faat, Porgeodicular loes ndiciate longest [x-nxis) and
widest [v-axis) sactions of ekin, Spocaug e counls were made
welbun each microseopic field for the entire leagil ol Lol
anes, and wnre sed o calvutale sparanginm densite, Seale

=

har =259 1mm
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Miop. 2 Adrani fuscigola, Inprints on slaughed skin lell by compenents of the amiman fool. Companents are distizgushid from e
anolher by theit shape, lexiire and posibion telative Lo rach other. [a) Toes have a smeolh appearance and are irderriyled with
=1 nval shaped, heavily keralinieed lubere e T b, Tl tubercle, Scale bar = 0023 oo (h] Tos tigs are sitnatecd ol bhe dislal el

of boes and are mwse heavity keratinized than the reshol e Loy T fae tip. Scale bas
Lo el Tras mmmaerons small felds, Scale bay = 803 mm. {d) The feot base consisls ol saeoth, hin tissne. Soeale bar

RESLILTS
Driagnosis and infection rate

Batrachachvirinm deedeobatidis miected skin slmighs
were distingnished Irom healthy skin by the presence
ol | or more sporangia thil dispupted the mosaic pat-
lern ol squamous epitheial cells, Mean sporanginm
stge [£30] was determinad to ke 6.9 0 L6 pm (n= 1133,
andgd muximom sporangivm size was 117 o, Sporan
gia in various stages of devalopmnenl were ollen
ohgerved wilhin the same cluster, especially youny
sporangia and malwe sporangia with enlonial -

phology, eonspores and  discharge  pepilla. Pewer

crpty sporandgia were ghserved, The contre of lavgear
vluslers often lacked sporinge bul retained hyperker-
alolic tissue brought an by nfection, thereby appear-
ing s donut-shaped clusters (Fup. 3. Infected epithe-
linl cells associated with smaller cluslers had o Haloy
appearance because of parlial or complels detach-
menl. Small clusters rom the base of the fool were
often associated wilh elevated epidermal cells Thal
rescmble microscopic wills,

Provalenee was high at 1% (0= 25 from 41} al tha
limme ol capture. Apart friom exeessive sloughing of the
skirn, nw other clinical symptoms usuilly associatod

1o () Webibing is foond in brtsee
(1.3 mm

with ehptridinmycosis were observed at the time, After
1 mo in captivity, all experinental gnimals were still
alive and Oateachochytriom deadrebatidiz could only
b dotocted 0 8380 % (n— d trom 41 af frogs, All exoopt
1 ol the 16 frogs that inifially tesled negalive o
chy idiconvoosis remained unintactad.

Tier, 3, Adrene Josegpda, Lighl nuersgraph of toe skin Infected

willl Gairachachyddiom dandrobatidie, Fattarn ol sguainous

rpitheiinm s dissupted by o clusler of thalli that formoan

expanding ring arewmed o core of uninfrcted keratinized skin

cells, o e a rharacteristic donut-shaped cluster, Scals
bripr =240 pun
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Zoosporangium densily

Whale skin sloughs thal conld be used for the quan-
lificalion of Halrdchochypidnm dendeohalidis  woro
dallivnesd fromm 13 infected brogs Sporangiome density
amoni] spreimens ranged from 1.0 to 53334 mm™ will
meaan 554 mm * Cven larger differences in spurangia
per fReld swere counted, from O oo minimom o
371 mm 7, to a maximum of 2228 mm 4 These vilues
weers calvulabed [rem 575 Delds of which THE" had
spordiic, Lelalling #5386 sporangia. The majorily of
[ielads walh sporandgia (747 %) were adjoined on cithor
ot or both sides by fields in which sporangia were
fetected, resulting ina series of mostly cmply liells
interripted by clumped Helds with spovangio woud less
lrecuently by only single fields wilh spurangue Closter
size was highly variable and was nol only altectad by
the number of spurangse bul also by density of sporan-
oid, Ay oan indicielion of ths vanation, mean size of
cluslers of 10 sporangia was 57254 + 2004 pm® Omne
clusler of T35 sporangia covered an area of 0.043 mm*
whereas  ancther  clusler of 177 measurcd  jusl
(s e, Smiall clusters usually conformend o o cicu-
lar or elliptical shape, but clusters became wmaors vari-
able with increased clusler size,

Zoosporangium density per site

Hirth sparanginm densily on tubercles and a large
compnneant of abservations without amy sporang i con-
tribated 1ooa normality curve thal was skewsd Lo the
right. Mone of the transformalions produced o normal
cistribution: hence, counl dulia were analysed with
non-parameliic lests, Overall, sporanginm densily
across the dillerenl siles on the toot ditterad signifi-
cantlly [rom each other fp — 0001, indicating that spo-
raniyia woere nnt evenly spread aver the ventral surface
of the font. Multiple paired comparisons of mean ranks
nf spnrengium density from all sites indicaled ol o
signilicant differcnce (p = GO0 cxrisled belwesn The
density on too tips and on webbing, The patiern of spo-
rancium density thal einerged Lrom compirison of the
densily variables ol he siles indicated that densily
dlevieased leonn Ll diskal veed ol W Cend [Loe Fp) o the
proxioal end (loot baze], and from the elevated region
[labxereles] tn the lower region of the webhing,

Intection of the lool could be divided into 3 cale-
gories according  to sporangia  densily  (Talde 1),
namiczly a high density site (1o s, 18008 wua =), -
crate-density sites thal included Lubsroles (584 mm )
amd toes (564 wun 3, and low-density sites thal
induded  he webbing (2.4 mm™ and fool  base
{58 o Tee Hips and tubareles had the smallost sur-
taee ared and nften remrained dense clusters of sporan-

fia. In contrast, sites that had lurge dreas such as the
fool base and webbing (eilensive in Afrang fiscigula)
had only isolaled duslers of sporangia In anly 16,7 %
af infecled specunens wore all & sites infoctod, Most
oller (41,7 % ol intected specimens], the infoction was
restneied o 2 &ites only, Differences wore ase ol
served intermes of the frequency with whicl siles wers
nterted, The most frequently iofecled sile was foes
(R % of specimens); toes were mlecled bwiee A5 nften
as tubercles and Lhe base of e Tool, and mare than 3
times as oflaen as welibing,

Probability of detecting infection through histology

The cccurrence of cloetrid clusters un the skin B the
Poisson distribution wihen e lollowing 2 assumplions
are made: Firstly, allhough a varation in chister sizge
exists that may inflluence detection probability, the
total surlace area coversd by cinsters in relation to the
surlave area ol the skin baing sectioned is nogligitaly
srall, Mean total surtace area covered by cluslers var-
pel Bistwreen 002 and 0067 of the skin Lelng secloned
{lahie 2] an equivalent of 1 o 3 seclions oul ot 00
possible soctions of a 2 % 3 i skin sample. Secnndly,
clusters are independenl and there is no reazon for

Tazle 1.0 Comparison of Ratrachoclplown dendrobatidis

sporangiun density on ditferent sites of Atana foscagaly leol

aned e nnmber of Delds Dem which sperangia mm * wern
calenlatoed

Sl M, simples Mo hisleds Spnrai
eI [wirs per cdensity

sam o) |t 2 =)
Tre lips M KAEN 1] TB0E x 241.0G
lubercles 5N ] R | S S Y
T 2 3330122} S =TT
vehbiing H R0 ER S Y4133
bl base 22 20 (44N M =104

Tanle 2 %alwes ancl tortnolas csaed Lo caloule le 5 surface area

vovarad by Hatrachochyioion dendrobalicls oo 1 oouan® ol

Afrana feseggoda <kin Walue for v darbvad  fram mean
sparanoinm size rlianieten Ton all samples (6,9 pm)

=l Sporaadgia mm G Ares fmm) ¥ Cuover
X R 3 ¥l
Ve liader Lonsl 55,2 (LO02065 D21
Trex g 15 OB (.l
Tubercle R [RHEXIRIN LS
Tow el HEH A BT &2l
Wehiling 74 ULUHIGEEFT L0
Foot haze M TLOGEEL LR ER)
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cluslars Lo group togelther; they will mslead be tan-
domiy dislribled on the skin, Mean cluster densily v
a8 mm® skin sample ingrcased i the same order
amang sifes ws did sporangium density, namely ool
lase (1,57 rlusters), webbing (2,22 cdusters), loe [H.A1
clustors], lohercle [1HE cluslers) and toe tp (120
clusters). Because clister densily varied among sites
o1 Lhe foot, the random distribution of dusters applicd
P disleibulion within the individual sibes rlber an Lo
the whaole [eel, Becanse the Poisson fredguency lunclios
is dependenl on cluster density, the nomber of sections
reuired foreich level ol probability increased propor-
tionalely with the decreasing cluster density ol sites
(Tahle 3]

I this study, detection ol Balrachochytrivm dendre
beticdis in Afrana foscigmla wilh 95% probability
requitedd 125 sections through & boe bposamples, 138
seclions huough a tbercle sample ot 174 ssclions
throngh Loe lissue. Mote that these nombers do nol
refar to B mdnimun nomber of sections needed o
detect 18 dendrabaliidis, bul refor o the probahility
that B dendrobations would be delected when & given
pumber of sections through @ Lee Up sample were
e (eeg 95 7% probahility tor 125 seclions), Thore
lare, B dendeobaticdis could he deteeted in te Grsl, Lhe
Tnlb, o i any section n belween. When seclicning
wrhbung ol A, foscigula, detection ot 0% probabilily
ar mers weuld reguine more than S00 sactions mnd
therafore a larger Lssus sample. The cut-oll probahil-
ity of & 9 mm? oot base sainple is closer o 80 %, A cdear
cifforence in work ettorl s therelore reguived botwoon
skin samples ol varving clstar densily,

Table 7, Prabahility matrix for delcclnog Salvachacbyieim

derdrehativiis huoug lua g een minmber of histological sections

oia 3o 3w piece of Afrana foscignla skin donved hoom

Prisson frequency function, ieivoees inreruived number

af seclions lor o given probability level were accountas lor by
mean nmber al cluslaes

Mo, ol anctions
Toetip Toberele Toe Webbing  Fool base

Probability

.l 4 o Iy te | 14
0.2 5] 10 1.4 al i1
na 15 16 21 B 1A
0.4 41 a3 An 15 163
(1.4 s 33 41 il 243
(.43 it 4 hi 20 i
R 1] i i 271 343
[ER 67 74 03 s a1
R b T 134 S1ar Ll ia
[.05 LS 3R 174 GTSY bage
[NREE TR 212 27 10 1£70

A%ales exoeeded e max number of sactiars that coula
b pacdee om a4 omm® sleine sample (1, = 300

PHSCLUSSIN
Direcl microscopic count as gquantification technigque

The case stwly ol Afrana fuscigula has demon-
stratad thal il 15 possible o reliably gquantify Batra-
chachvirinm  dendrabalide wleclion in appavently
healthy frogs, vsing a technugue hal con olso be uscd
on moribund frogs, The technigue miy be harder Lo
use on sub-clintcally nlected animals with low argian-
e aumbers. Boeause it is diffiondt to harvest whols
ool sleuy s every ine a frog sheds its sking owing tn
uneven shedding o mechanical damacge, whaola font
aloiarrhe will only be collecled from a proportion of
experimental animals oo any given day, The likeli
hood ol eallecting whale ool sloughs rom all animals
therefore increases with the number of Qays Lhal skin
is harvestod, Howewer, results wonld be Jess reliables
il inlection intensity wore to change over timea due Lo
soute envirenmontal factor, The applicatinn nf cquan-
fiticalwon dala [remm inkra-population differences fo
compardlive susceplibility, lansmission and patho-
genisity studies amoeny species requires further in
vestigation,  During such anvesligalions, iomusl bo
consiclersd thal ditferent amphibians shed skin at dil-
[oreml rates and that skin slmigh sige mmay b species-
dl silualion-dependent,

Claulion should be exccrcised when the technigque is
useel on Lerresliial [rogs that are known to deown pas-
ily enrg members ol e Microhylidae famiby). Al-
theegh this technigue b ol yel beon Lested cnosala-
manders, slonnghed skin has been wsed L diagnose
Batrachochvlrinm dendrobalichis imlection e is groug
of amphibians [Davidson et al. 2005), The morpholog -
cal similaritics ot salamandar teat tn those of anurans,
wred Lheir ability to shed skin Irom the tast in large
pietes, sugest thal it wdll be possilale to use the quan-
titication lechomue on salamanders (B0 W Davidson
pers comin | Because his lechnigue requires actively
shedding animals, il cannol be used (o gquantify nfoc-
Hon in material trom dig-olls of aephibians or from
archived material.

In fully agualic amphibians, infechon el necss-
sarily limited to the hind begs and wentram bul may
alao elude the dorsal surtaces, as ORSRETTRI N ATFCHT
clawed [rogs Nenopus spr. [Parlker ef al, 200%2), Prava-
lenee of 100% was detected in X lacwis populations
when only nlerdigilal webbing was examined [C
Weldon unpuhl, dili), swyggesltiog that infoction is
more evanly distribked across e Tool Lhan in 4. fos-
cigula, I no signiticant ditterence in distrbulion across
Lhe fool cxists in aguatic frogs. site selechon oy
iz gqroup of amphibians i ool imperative when col-
laching Lissue lor histological diagnestic techniqes
such as cunventional histology (o.g. hacmalaxylin and
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sosin gtaining) and rthe chyirvid-specitic moomoperos-
idage test ol Derger ot al {2002

As g diagnostic tool, the use of whole pieces of skin
slough instead ol skin sciapings has dadvanliges
regrarding e ease ol seresnim, o thal skin serapings
oflen conliin poymernled cells that make it mora dilfi-
cull Lo distinguish Batrachochytmem dendeabeaticdis
sporangia. Furthermaore, sloughed skin usually consists
of tewer cpll layers than do skin scrapings (c.gn. epider-
mis and dermis tssue), which cases foousing huough
the tissue sample. The advanlage of wainldining
anatomical relationships wlen exaounng sloughed
skin is lthal the observer can easily eskablish which
lawer s ey ohserved by anenlation trom the surtace
Tlus 15 unporlant tor lecating sporandgia that are usuo-
itlly restricted to the npper layers, This orientation is
Iastin skin serapings, and deciding whether suspicious
strictures are at the surtace or within docper lavers s
alten cdifficult owing to the disraption ol e relalion-
ship of the layers. On the sther hand, skin scrapings
are favoured when allempls are wade al isolating 15
clecdrelaticdis, Decause sleughed skin is usually mnre
conlaminated wilth bacteria and other fungi thal out
compsle the amphibian chyteid when grown on nutri
et oAt

Infection in Afrana fuscigela

Pespile the hich prevolence and relatively haeavy
infeclions i some Afrana fuscigala, inferted frogs did
nul dappesr o be adversely attected by lafrachoohr
frivm demdrohaticlis and 84 % wore able to clear the
intection atter a month in captivity, The increase in
ambienl teinperature from the ficld e caplivily was nol
likely to have boon responsible o the obeerved clear-
ance of infection, bocause the lemperalure chisnge was
within Lhe growlll uplitoamn of B dendrobatiois, see
Longoure el el (1999, Tadpoles of Afrana fuscignla
have w slow developmen! that may talee up e 2 e to
complels (Du Proees THHE]L Intected fadpoles could
Thirretare act as resarvoir hinsls 1o 0 deadrobaiiclis that
conld facilitate continuous transmission to moelano -
phosod frogs, cspecially becavse A, Descigolu is seom-
aquatic and sharcs 1he sanme Daliliel s 105 ladpoles.
The scparation of A, fuscipule [ e ladpole soures
ol 8. degdrobolidis when relocated 1o the lnboratory
ey e reduced The exposure potential tn these ani-
mials, Frogs that spent a 1ot nf time on the elevated soc
Lioms of enclnsures wonld have expoerienced a rodoc-
finn in exposare lime Lo soospores in the water, farther
comlribuling to the animals bocoming cleared ol infec-
Hon by B dendrchatios.

The observed clearance ol nlsclion s conlrry to
previous repocls ol chvbmeiomyeosis o wild Afrana

Tuscigrula, where mortality avants and sporadic deaths
ol puvemibe and adnle frogs ocowred in populalions mw
Mamacualand and the Bastorn Cape Provinee [Hop-
kina & Channing 2003, Lane ol al, 2003), 1| seams that
the cuteome of intection in los species s vanahle and
that advancemenl lo muorlalily miy depend on the
presence of ladpules aid hoesl behavier, in addilion te
lemperaiure sensilvly of the tunges, which has bhoon
pnplicaled an other species (Woodhams ot al. 2003%), In
12596, ol q gite less than 200 lom from the source of [oogs
of the present study, a population of nealy 30 AL fus-
cignla died at the start of the weal season allera pro-
longed poriod of drought. In o relrospecive pxaming-
Hon onch of the dead specimens collected at the site, we
dotected a 100 prevalence ol # denadrabatidis Var
alion in susceplibilily to chytridiomyeosis within a spe-
vies by heen demaonstrated in experimentally inleclod
Rarta. yavapaiangis and Rana boyhi and in e liger
salamander Ambysloma Howimun [(Davidson el al
AN N oweanld therctore appear thal A fesciegeia
exhibils & degree of resislance lo chylndiomyeosis as
lomgg as optimum enviromnsntal conditions prevail

Micra=spatial infection an skin

I'hie wide range of differences insporangivm densily
ameni individuals of the populalion coull be dee o
the length of infoction or could rellect the possibility
that some animals had recently shed skin, resulting in
the detection of fewer sparangia during examinalion, Tt
can b ocapecled thal recently intected individoals will
nul b as heavily infected as those that have carricd
L nfeclion tor an extended perdod of time, Wilhin-
spoecimen variatinn in sporangiwm density per lebd s
sympiomatic of an over-dispersed inlfeclion, The Ire-
ruient cccurrence of sporangia iwadjoing lelds indi-
cates that Batrachechvinum dendrobatichis ooonrs in
clusters in the skin, The syaregalon of sporangis in
clusters could Le o dirscl result of the colonisation
strategy of the organsm, wherehy nolomies have a ton
dueney Lo expand concentdcally from the origingl loci of
wlechon resnifing in a core o hyperkeratotic lissue
dleveondd of sporancia,

Linster growlh 1s alse proomaled by e abelity of
rogpores o swim for shorl dislances and lor a limited
timee betore they encysl [Plolrowske el alo 20045 A
similar growith pallers appedars o Bafrachochytrium
dendrobaticdis colomes griwn on nutrient ager with
soospores hal lend 1o encyst at the edges of eoxdsting
velunies Lhal gradually expand as a consequence ol
Ling boehdaviour, It appaears that attor the core ol clusbers
nr older sporangia have been shed, he by perkeratolic
tisggie al the centre of the cluster does nol nnmediataly
became recolanised, resullimg g donut-shapad cls-
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ter. Theralore, low spurangium counts per field ey
reflect an area of recent mleclion o anoaeea al e
periphery of an expanding clusler, whersas lugh spo-
rangrum censities may be connted et aclive grow-
ing regions of older clusters. Txperimental waork s
reguired o cstablish if and how skin tissue that lack
norml analomical arrangerments (oog. hyperkeralosis)
inHuences The abilily of soosporos to penctrate skin,
anrl 3 the amphibn bosl could develop local resis
fanece tn I dandrobatiois in areas il were previowsly
infected

Difforences in sporangivm densities among dillerenl
areas af the foat, as well as site infection treqmency,
adicate it althougl any srea ol the ool is likely o
bescorme inlecled, cortain arcas are more likely o
remain heavily infecled, The most heavily infected
sites on the foolb (Loe lips, lubercles aned Loes) are also
the areas that are in parliculiacly cluse conlacl willn the
subslrale [doe to the protroding sorfaces of e luber-
cles and Loe lips anid the clasping abiliby of The Boes),
and arc thus the mosl likaly areas to encounter
sovspores on wol substrates, OF further signiticance is
Thil e loes and protroding arcas are moro heavily
kerilimzed, s providing more usable substrate for
thee tungis, dnd are wmosl lkely subjocted o abrazion
durini contact with the subsbrate or eller oogs during
amplexus (the mating ribnal), Therelore, liese dreas
may greatly contribnite to the spraad and direcl Lrins-
mission of the fungus as a result of the concentration ol
infeclion in arcas that are exposed Lo severs ahrasinm.

Use ol densily data in histology

This sturly demonstraled Thal exaulnalion ol a lest
sample of skin slonghs provides dalis thal can belp o
plan a histological survey When selerting bissio 1ypes
lor histolagical diagnosis, quantification date can prn-
vide information on (1) the pact ol the fnat that mnst he
setected [or bistoldogy (2] the minimum oomber ol the
icderlilied parl Leal nst e collected from cach speci-
e b the parleolar pact cecurs in noaltiples (all parts
except fnol base| and 13) e nwnber ol sections that
el Lo Beomacle inorder b odelect wlecton ol a cerlisin
lewel of prabability in a given populabion ol rogs The
probability of delecting Hatrachochytrim demdrofii-
tietis 15 not only a factor of sporangia density inoa site,
bl also e Iregueney with which the site s infectad in
a populilion sanple. The probability matsdx produced
by ther Poisson ieguency lunclion illustrated that site
selectinn tor histological danalysis can bave a marked
influence o the numboer of sections reguired Lo detect
the amphibian chytrid at & specitic level of prolabilily,
Further histelogical examination fnvolving compar-
isons among samples selected through this techniqne

ane ameng randarly collected samples conld provirde
cxporimental cvidence for the cfficdency of the quan-
Lilbcalion Lechrigue in elimimating false negatives from
provpaudan o et

COMNCLUSHOMNS

The direct mdcroscopic counl technigque forguantify-
g Batrachochvirium deondrobaticis nfection m live
[rogs does ool reguite bigh-level  technoloogy and
vieslila reliadile dali Qral cian be surmnarised as ollows;
(11 they direel sporangium counl makes 11 possible Lo
erpress mtectiom in terms ol =pordangiin densily, thoas
ruantitying the infaction, (21 comparing spordanciam
densitics among ditlerent siles provides a meaethod o
determine which part of the fool must boe used in hislo-
logical surveys to provide the boest chance of detecting
B, dendrobalicis and (3] applying sporangiom density
chitlia Lo e hislological bechinigue allows caleulation of
the probabalily of delscling chybodiomy cosis O oug iy
set section repebibions.

I'he applicatinm of this technicues touarsntine rogu-
latioms that involve daily examinations is encoaracged,
as it not only provides non-invasive presenced/ahsence
data but also allows the investicgator to quantity the
response o chylridionmyoesis o freatment rogimes,
ey uliar surveidlonee of amphubdans as already been
imskiggated ol serenlific luboralories and oo Dooyg Taroos
frllowing chytridiomyeosis eppdemics (Parker el al,
AL, Mazenmi et al, 0030 Farther research s necoderd
in order fo detarmins the minimom requirement of
sliin slowgh sz useful Tor the delection ol chytrid-
inmyeesis. [t should be noted that, in compaison with
[1ogs wilh major infections, frogs with carly or light
wfections ollen do nol shed as much skin and infection
19 reed e eiasy o ddelscl, and Bl in tiese cases the -
i skin slowgh seee s likely o e depenlent o e
sifudtion or speoes,

Acknowiedganmeantz We goknorwiedge B Spaeara g . Long-
e eclar pscelul commentary on carlior vorsinms of this mann-
soeripl. We thank W, Conradie for technical assistance during
Higldwrork,

LITERATL Kl CEVEL

Arnis SL, Dastoor PP Zicl L] Dazzak 1" Longeare JE (20047 A
LA bered assay wlenbities Baleaoboc il doeadosba
ticlin in amphitdans, WAl Ths 4004 30-430

Bevager L Speare 1, Daszale 1Y) Green DE and 10 ofhers | 1551)
Ly lindionycoses causes aoaplobian woctalily associated
with popnlation declines i the rain forests of Australia
anil Central America, 1'roc Mol Acadd Sei 8508001 -0k

Burgren Lompeane B, Kool A 01008 ] Doagoosis of chytidiomy
resis it amphibians by histologic examinalion. Zoos Frinl
J 15841590



Weldon & Du Prece: GuantiDicaliwen ol weophibion chavtricdiomseosis 161

Berepeat T, Hyatl AD, Olsen W, Hengstberger 5, Govle T3
Marantelli G, Tlumphreys B Dangeone JE 2802 Drodue-
Lol palyelonal antizodias o Hadrebacirteimm deodio-
haticlis and hen use e immunopercyidase legl for
chytridiomyeosis in amphibians. Dis Agqual Qg 48
Ala-2E0)

Fesrh ) artines Bolans 1, Cuarcii-laris B 20017 Cvidenes
of a chvtricl furgpns infactiom fvvalviod do e declioe o Lhe
vonneon igiwile boied (Afes ohstatricans) in protoctod
areas of cratral Spans Beol Consere 370391337

Boryle G, Bovla DG Olsen W Moroan TAT, Heall AD (20043
Bapul guanlilidlive detection of chyvircdiomyrasis [Ratea
riachiytinmg dendisbalides] wamphibion samples using
real-ime Tagman PO assav, (05 Agquas Oig G00141 148

Burruwes PA, Joglar KL Gresn DE (2004 Potentinl canens far
amphibian reclines o Puotoe Buoe, Herpelelogica @0
1471154

Carcs U Cobwen M, Bolling-smith L1999 Amphibian de-
clines an immmalorical porspective, Diey Lhmp Imraunol
A T Bt B R

Naszal P, Beoger Lo Cunoimg oo A, Hyvatt AD, Grean 1310,
Speare BOIESHD Bmerging iodocions diseases  and
wprbibien declines, Emerg Infec) This 5:7.35- 745

Daszalk P, AStricly A, Cumnglum A4, Lengeara JC, Brown
2, Porter I 0200:) Daperimental esoclenes el Hie Ball-
Loy (Rona cafesbeiandg) is @ potential carrier of clytin
inrnveneis, an ocnccgug luegal deseases ol amphibians
Hetpetol J 142010 =207

Dravidson LW, Parris b, Colling JP, Longaeore JT, Passine AT,
Tirnmnmer 003 Pathogenesily anod Larsinssion of chytri-
dionvecosis in tiger salamanders [Aaebestonce Ggriaoc),
e 200 0] -6

Eru Prresese LT 01896 Fiedd cpoicles and ey L L rogs and beacls
ol Lhe Free State, University of the Froe Stale, Blue-
frmbein

Hanzelmann B, Rodriiques A hlargacla L, Pajarde-lamoes L,
Aguirre AA, Kilpatrick AR, Redeigueaz 0P, Daseals 2 E0047
Frosomer of au cosergig palbogan of amphibians i inlro-
duced bullfrogs Rama catesheiaea in Voneoela, Biol Con-
sury TANTIS-114%

[Mopking 5, Channing A |2003) Chyleies lungus in ~artharn
and Westorn Cape {rag popiladioms, Sooth Alnca, Her-
pelul Buey 340884 =346

Lare TP Weldon O, Rivgham 2 2008 Plistological evidence

Felitarial reapanarbile v Adex Heali,
Copetfong, Victaria, Ausiralia

al chybihomyeuses inoa frecstanging amphibian, Ao
fuscipnls [Amras Ranidac), o South Africa. J 5 Alr Vat
Assoe F4oai-21

Lips KR, Feeve JO, Willers LI (2000) Cealagical fraits srodict-
e amphibinn popaotaton declowes in Central Amearten.
ey Biel 1710701006

bongrave JB (2001 Collure technioques for o amphibian
clvtrics: TEraGTITInTg, i-:.|>|.:h|__'1|_r:|. arid culfuring Batrachno-
chypteium dendrobatfdis from amphibians, L Speare |8
perly Tieseelopuny wanagemaent strategies o contrnl 2
phibian diseases: rlerreasing e sks due {o comonnica-
bl cbiseases, Jumes Coak Uriversity, Townseille, pobl-54

Lengente IR, Possicr AV Michols DI (1999) Batrachachytmam
dendrobatidis gen. et spo nav. o chiyliid palhogenic 1o
cutiplubians, hyeologia 1215227

Felirzmi B, Cumnongiam A8 Deseak I Apelo 4, Pardoma R,
speranza G (2000) Pmerging pallogen ol wild amphik-
s dnn oo |Mana calesbolana) Tnrmad foar ioternalicoal
trace. Fmar Infocl Tis Shbiih -0y

Michols DE, Lamirands TW, Possior AR, Lungeare JE (2001)
Eaperimental lrangmission of cutaneons rhytridion cosis
in dendrabatic trocs, 0L Lk 38111

Purleer UM Mikaelian 1 Tlahn ™, Digos HE 2000 Clinical
riarnesis amd bealizanl of epidermal ehyvtridiomyeoss io
African claveed frogs [Newopues ogeealis), Comp Med 52
dhbh—2HH

Presinr AP, Wichols DK, Lungaore JE, Fuller M5 [ 19950 (uta
reous chylridiomyonais in puorsen drl Lrowps [Lrendrobales
Spp. | sl Whil's tree frogs (Literia cacrolog] T el Liay
[eest |15 1905

Piglroneski J5, Annie 81, Lengooe JE [2004) Physiclogy of
Bairachochiylrivm dendrobaticdis, a chytrid patlogen ol

Retallick WL, MMoCallum 1 Speare T 2004 Endemic infec-
ticm al e wenphibiin chytid funoos in & frog commanity
pesl-darcline PLos Biol al

Rice LA [1825] Mathematical statistios and dele analysis, 2
rlin Erus ey Pross, Helmaont

Weldon C, Do Prees TH (2004] Dacline of the Kihans! Soreay
Teid, Mvectophirvnoides ssperginis, from the Ldeungwi
Peleantaing, Tansanin, Froglog G22-]

Woodharms DO, Allore BA, Mavanlell O (20003 Emerging dis-
petste ol canphibians cured by elesate body e peralieee,
Tiis Arpiat ey Sa:0a 47

Srtoredttedd s Mdavole LF 2008, Accepted: Aucust TR 200G
Hraafz roceivad fromn airhars ) Oclaber £ 20006



