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aBsTRACT: This communication provides notes on 2 species of toads,
Chaunus schneideri and Chaunus granulosus, infested with ixodid ticks,
Amblyomma rotundatum, from the provinces of Corrientes and Formosa
in northern Argentina. Chaunus schneideri is a new amphibian host

record for A. rotundatum, a species previously reported to parasitize
other anurans and also reptiles. We examined 74 ticks on 5 toads. All
ticks wete A. rotundatum;, all adults were females, and all developmen-
tal stages were randomly attached to host body parts. Ticks remained



attached to one of the toads for from 7 to 17 days after the host was
captured. One toad, encumbered with 33 ticks, was moribund when
found and died shortly thereafter.

On the evening of 9 November 2006, we captured 4 male bufonid
toads, Chaunus schneideri (Werner 1894) (formerly Bufo paracnemis
Lutz 1925), on the 8-ha compound of the Centro de Ecologfa Aplicada
del Litoral (CECOAL), a field station in the suburbs of the city of
Corrientes, in Corrientes Province (27°30'S, 58°45'"W). CECOAL is op-
erated by Consejo Nacional de Investigaciones Cientificas y Técnicas
(CONICET) of Argentina. Chaunus schnelderi is a giant toad, the larg-
est species in Argentina. Weights and snout vent lengths (SVL) of the
4 toads were as follows: 654 g, 185.5 mmy; 474 g, 154.4 mm; 546 g,
186.6 mm; and 516 g, 160.7 mm. We noticed that the first of these
toads that we encountered feeding on insects (mostly beetles) at an
insect light trap was conspicuously infested with hard ticks (Ixodidae).
This prompted vs to search the CECOAL compound for additional
toads. We found 3 more males, and all 3 males carried ticks. We en-
countered no female C. schneideri on the compound. Ticks on male
toads represented larvae (seed ticks) and engorged nymphs or adults.
Five, 6, 9. and 18 were the tick counts for the 4 toads.

On 11 November 2006, we noted the locations of ticks attached to
the 4 toads, and then we used ice to relax the ticks, which were removed
from 3 of the toads with watchmakers’ forceps. We observed that each
site of tick attachment to the toads’ skin showed a small, 2—-4 mm
reddened spot of inflammation. After we removed the ticks, we released
the toads back into the CECOAL compound. The toads were robust,
active, and none seemed negatively affected by their tick loads or by
having had the ticks removed. Ticks were attached to the toads’ legs,
feet, throat, abdomen (venter), back (dorsum), posterior quarter, and on
the head. The points of attachment seemed random and evidenced no
pattern to suggest that they had preferred feeding locations on the toads.
However, we observed that no ticks were attached to these bufonids’
large paratoid glands, which may contain high concentrations of the
toxins bufonin/bufotalin. We removed ticks from the toads. and we
killed the ticks in 100% ethanol; alcohol was changed after approxi-
mately 1 hr. We used a computer based video microscope system (Pro-
Scope®; Bodelin Technologies, Lake Oswego, Oregon) with 10 and 50X
lenses to produce scaled images of each tick, and we used the NIH
public domain Imagel software to measure these images. We removed
29 ticks from 3 toads. The ticks ranged in size (length X width) from
1.03 X 0.78 mm to 9.28 X 5.33 mm. The range in ratios of length to
width (a possible index of degree of engorgement) was 1.17 to 1.55.
We held one of the infested toads in a laboratory basin, and we observed
it once a day to determine when its ticks would voluntarily abandon
their host. Abandonment for 4 ticks occurred at 7, 11, 12, and 17 days
from the day of host capture. All of the ticks were Amblyomina rotun-
datum (Koch 1844) (Keirans and Oliver, 1993; and independently de-
termined by Dr. Lorenza Beati).

On 6 December 2006, 1 of us (E.ES.) captured an adult male Chaun-
us granulosus (Spix, 1824) at La Maravilla, 60 km southwest of Inge-
niero G. Judrez, Formosa Province (23°54°S, 61°51'W). This specimen
of a very small species was just 60 mm SVL and weighed only 16.2
g. It was infested with 3 A. rotundatum (confirmed by Dr. Lorenza
Beati), each attached to a different leg. Chaunus gramlosus has pre-
viously been recognized as a host of A. rotundarum (Burridge and Sim-
mons, 2003, and references therein). It would seem that this relatively
tiny toad species might be especially vulnerable to a critical loss of
blood taken by feeding ticks.

Years earlier, on 26 December 1998, 1 of us (A.LK.) found a heavily
tick-infested male C. schneideri on the CECOAL compound. This in-
dividual contained 33 ticks on its legs, feet, and body. The toad was
137.8 mm long (SVL) and emaciated, weighing a slight 365 g. Re-
markably, this toad was found during the day walking very slowly and
in a labored manner. The air temperature at the time was >30 C. Chaun-
us schneideri is rarely seen moving during the daylight hours and es-
pecially not when the air temperature is high. Bach time the toad had
advanced approximately 40-50 c¢m, the animal arched its back with
nose and posterior pointed high creating a contorted and aberrant con-
cave posture that it held for several seconds. This pattern of behavior
was observed repeatedly before the toad was taken to the laboratory,
where it flattened itself against the floor and remained motionless until
it died <30 min later. We attribute the morbidity and mortality of this
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toad to exsanguination (see Keirans and Durden, 1998) by its extraor-
dinary load of ticks. The toad with its attached ticks was preserved in
formaldehyde shortly after it died. Recently, we removed 9 ticks from
the preserved specimen, and we measured them with calipers. These
ticks ranged in size from 5.6 X 4.4 to 15.8 X 11.4 mm (length X width).
The 9 randomly removed ticks were all A, rotundatum (determined by
Dr. Lorenza Beati).

This toad’s morbidity and death reinforces previous assertions that
ticks may play an important role in regulating natural toad populations
in tropical and subtropical regions of the New World (Oba and Schu-
maker, 1983; Lampo and Bayless, 1996). If this is true, ticks could have
value as a biological control agent for exotic “giant toads™ that have
been introduced into Australia and the United States from Central and
South America. Unregulated populations of these enormous exotic teads
have expanded dramatically, poisoning pets and predators, and they are
threatening native species by both indirect and direct competition. Am-
blyoruma rotundatum has been reported on exotic giant toads, Chaunus
marinus (Linnaeus, 1758) (formerly Bufo marinus), from the greater
Miami, Florida area (Oliver et al., 1993), but the impact of the ticks on
the introduced U.S. C. marinus population has not been evaluated.

All of the ticks we recovered from the 6 toads we examined were
fernales. Populations of A. rotundatim from within its historic range in
Central and South America have long been known to be parthenogenetic
(Robinson, 1926). but 1 laboratory-reared male (Keirans and Oliver,
1993) and 1 male from a field-collected host (Labruna et al., 2005) have
been found. Parthenogenesis may have evolved in these ticks of reptiles
and amphibians because of the difficulty of movement on reptilian and
amphibian skin (compared with feathered or furred skin) by adult males
to find and mate with adult females. If the parent species to A. rotun-
datum was a sexually reproducing parasite of mammals, birds, or both,
and in the course of its speciation it underwent a host shift to amphib-
ians and reptiles, we can imagine that a proportion of females of the
new species might have gone unmated owing to the relative difficulty
of male movement to access females on the slippery amphibian and
reptilian skin. Failure to be mated could have created intense selection
on females to produce asexual offspring. Molecular phylogenetics data
indicate that the hypothesized host shift from mammals or birds to am-
phibians and reptiles within species of Amblyomma is probable, sug-
gesting that the taste for amphibian and reptilian blood is derived
(Klompen et al., 1996).

Dr. Lorenza Beati, U.S. National Tick Collection, Institute of Arthro-
podology and Parasitology, Georgia Southern University, Statesboro,
Georgia, kindly examined and identified all of uck specimens and
helped enlighten R.LL.S. about tick evolution. All of the tick specimens
have been contributed to the U.S. National Tick Collection and received
accession numbers 124001-124010. R.L.S. and J.A.S. are grateful to
Drs. Juan José Neiff and Alicia Poi de Neiff for providing living quar-
ters, assistance, congenial company, and generous hospitality during
their stay at the CECOAL in Corrientes.
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ABSTRACT: The use of new powerful nested polymerase chain reaction
(PCR) techniques to identify and screen for prevalence of parasites has
a huge potential. Tt allows for the detection and identification of low-
intensity infections, but its high sensitivity and technical setup may also
induce problems. Here, we report a cautionary note regarding mislead-
ing amplification of avian malaria species (Haemoproteus and Plas-
modium) during Leucocytozoon spp. detection. We used a previously
described nested PCR method for the molecular detection of avian ma-
laria and Leucocytozoon spp. In the first step of the PCR protocol, these
parasites are detected simultaneously; in the second PCR, Haemopro-
teus and Plasmodium spp. are separated from Leucocytozoon spp. How-
ever, in certain cases when a bird was infected with avian malaria, we
obtained a slightly longer PCR product during the detection of Leuco-
cytozoon spp. Our data imply that these “‘false” Leucocytozoon frag-
ments are the consequences of strong amplification of certain malaria
lineages in the first PCR, which can also be detected after the second
PCR amplification that is specific to Leucocytozoon spp. parasites. Be-
cause these “false” Leucocyrozoon fragments are slightly longer than
the normal Leucocytozoon fragments, we suggest the use of well-sep-
arating agarose gels, several positive controls, and molecular standards
to facilitate their separation. If one obtains a fragment that differs in
length from the one expected for Leucocytozoon spp., sequencing is
essential. More generally, in order to limit this type of problem with
nested PCR protocols, we suggest that the first and the second primer
pair be chosen so that they have different annealing temperatures.

Using molecular methods for detecting microorganisms requires high
sensitivity because these organisms often occur in low numbers (inten-
sities) in their hosts or the environment. One way of increasing the
sensitivity of a polymerase chain reaction (PCR) is to apply a nested
approach, where the screening is conducted with the use of 2 PCRs that
are performed sequentially. However, this approach is more costly and
takes additional time. In addition, along with the increase in sensitivity
comes the risk of contaminations and amplification of “nonspecific”
genes, i.e., genes for which the primers were not designed (reviewed in
Burkardt, 2000; Freed and Cann, 2006). To ensure that the correct target
gene has been amplified, most studies also sequence the PCR product.
However, as the sample sizes in data sets used for molecular, biological,
and ecological studies steadily increase, combined with a decrease in
the cost of running PCRs, large-scale ecological and biological studies
may use nested PCR protocols just to screen samples for positive or
negative amplifications for a group of parasites or microorganisms. To
ensure the validity of such studies, it is therefore of importance to in-
vestigate and note any shortcomings or pitfalls that occur when nested
PCR methods are used to screen for microorganisms.

The study of avian haemosporidian parasites, i.e., Haemoproteus,
Plasmodium, and Leucocytozoon spp., is one area that has greatly ben-
efited from the use of different PCR methods in the detection of para-
sites from blood samples (Li et al., 1995; Bensch et al., 2000; Fallon,
Ricklefs et al., 2003). Thus, several studies have demonstrated that
PCR-based methods have higher sensitivity at low levels of parasitemia

compared to the traditional microscopic examination of blood smears

(Richard et al., 2002; Waldenstrém et al., 2004), though they are not
flawless (Cosgrove et al., 2006; Valkitnas et al., 2006). Comparing
different molecular methods further showed that nested PCRs have the
ability of detecting lower degrees of parasitemia compared to single
PCRs (Waldenstrom et al., 2004). Thanks to these new methods for
detecting blood parasites, there has been a recent boom in studies on
the distribution and prevalence of avian haemosporidian parasites all
over the world (Perkins and Schall, 2002: Waldenstrom et al., 2002;
Fallon, Bermingham, and Ricklefs, 2003; Jarvi et al., 2003; Beadell et
al., 2004; Kimura et al., 2006; Hellgren et al., 2007).

Here, we report a cautionary note regarding misleading amplifications
due to a carryover effect of the first PCR round primers in the second
reaction, when a nested PCR protocol is being used. The procedure was
designed by Hellgren et al. (2004) for the simultaneous detection of
Haemoproteus, Plasmodium, and Leucocytozoon spp. We applied it to
495 blood samples collected from different bird species, including both
European migrant and African resident species. In short, the blood sam-
ples were collected in SET buffer (0.15 M NaCl, 0.05 M Tris, 0.001 M
EDTA, pH 8.0), kept at —20 C until analysis, and extracted using the
standard ammonium-acetate protocol (Nicholls et al., 2000). The con-
centration of genomic DNA was set to 25 ng/ul; a nested PCR was
performed. In the first PCR, 2 ul of the host DNA was used. The first
primer pair, targeted at the mtDNA of the parasites, amplifies a 570-
bp-long fragment (617-bp fragment including primers) of the cyto-
chrome & gene from species of Haemoproteus, Plasmodium, and Leu-
cocytozoon. In the second PCR, the detection of avian malaria parasites
(Faemoproteus and Plasmodium, sensu Pérez-Tris et al., 2005) is sep-
arated from the detection of Leucocytozoon spp. by the use of different
and more specific primners, In these reactions, 2 wl or 1 pl PCR product
from the first reaction was used (for Leucocytozoon spp. and avian
malaria, respectively). The second primer pairs bind to the fragment
amplified in the first reaction, producing smaller, 478- and 480-bp-long
fragments (526 and 527 bp with primers), for Leucocytozoon spp. and
avian malaria, respectively (Hellgren et al., 2004). All reactions were
performed in 25-pl volumes and both negative (ddH,0) and positive
controls (samples from birds that were previously confirmed to be in-
fected) were applied to control for possible contamination or failures
during PCRs. Amplified PCR products were sequenced with the use of
the Amplicycle® sequence kit on an ABI PRISM® 3100 Genetic Ana-
lyzer (Applied Biosystems, Foster City, California), in accordance with
the manufacturer’s recommendations. Sequences were edited and
aligned with the use of the program BioEdit (Hall, 1999) and identified
to genus level based on their position in the phylogenetic tree of pre-
viously identified parasites (Hellgren et al., 2007) with the use of the
software MEGA2 (Kumar et al., 2001).

In the second PCR, specific for Leucocytozoon spp., 123 of the 495
samples produced a PCR product. However, in 23 cases, the fragments
seen on agarose gels were slightly longer than the usual 526-bp-long
Leucocytozoon species—specific fragment, including primers (Hellgren
et al., 2004) (Fig. 1). Despite several trials, we were not able to se-



