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A simple method for the detection of Leptolegnia chapmanii from
infected Aedes aegypti larvae

Renan N. Leles, Cldudia C. Lépez Lastra, Juan J. Garcia, Everton K.K. Fernandes, and Christian Luz

Abstract: Significant progress in developing Leptolegnia chapmanii as a biological control agent against mosquitoes will be
accelerated by improved and simpler methods to detect and to isolate this virulent and rapidly lethal watermold from field-
collected mosquito larvae. To date, however, this oomycete has remained understudied and little used. This study presents a
simplified method to detect Leptolegnia in infected Aedes aegypti larvae. The development of L. chapmanii inside mosquitoes is
easily monitored when pathogen-treated larvae are quasi-immobilized for an initial 48 h in the water film on plates of water agar
amended with antibiotic (chloramphenicol, 0.5-1 g/L) and fungicide (thiabendazole, 4-8 g/L) and then transferred to a larger
volume of water for an additional 48 h. Surprisingly, chloramphenicol stimulated oosporogenesis by L. chapmanii. The method
permits processing of large numbers of A. aegypti and other culicid larvae and is useful for both obtaining new strains and also
monitoring the efficacy of L. chapmanii during field tests.
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Résumé : Des méthodes de détection et d’isolation de Leptolegnia chapmanii améliorées et simplifiées, a partir de larves de
moustiques prélevées sur le terrain, pourraient fortement accélérer 1’élaboration d’agents de lutte biologique s’attaquant aux
moustiques et s’appuyant sur ce oomycéte virulent et rapidement mortel. Or, a ce jour, cet oomycéte demeure mal étudié et sous
utilisé. La présente étude illustre une méthode simplifiée permettant la détection de Leptolegnia dans des larves de Aedes aegypti.
Le développement de L. chapmanii a 'intérieur des moustiques peut étre facilement observé en continu lorsque les larves traitées
avec le pathogéne sont presque immobilisées pendant une durée initiale de 48 h dans la pellicule d’eau de géloses d’agar aqueux
auxquelles on a ajouté un antibiotique (chloramphénicol a 0,5-1 g/L) et un fongicide (thiabendazole a 4-8 g/L), pour ensuite étre
transférées dans un plus grand volume d’eau pour un autre 48 h. Fait surprenant, le chloramphénicol stimule I’oosporogénese
chez L. chapmanii. La méthode permet d’examiner un grand nombre de A. aegypti et d’autre larves de culicidés et facilite
I'identification de nouvelles souches et la surveillance de I’efficacité de L. chapmanii lors d’essais sur le terrain. [Traduit par la
Rédaction]

Mots-clés : oomycete, Straminipila, Chromista, peronosporomycéte, Saprolegniales, moustiques.

quent formation of terminal zoosporangia. New anteriorly biflag-
ellate primary zoospores are released into the water, encyst on
some substrate, and then germinate to release bean-shaped, lat-
erally biflagellate secondary zoospores that can infect other sus-
ceptible larvae (Zattau and McInnis 1987). Any sexually produced
oospores of L. chapmanii resist environmental conditions for veg-
etative growth, but mature oospores are rarely observed for this
pathogen because oosporogenesis most often terminates (for un-
known reasons) without completing the formation of fertilized

Introduction

The increasing interest in entomopathogenic fungi and the de-
velopment of mycoinsecticides for biological control of important
mosquito vectors stimulate the search for powerful entomopatho-
gens. Leptolegnia chapmanii (Peronosporomycetes: Saprolegniales)
is an oomycete watermold that specifically infects and quickly
kills culicid mosquito larvae. Despite their traditional treatment
as fungi, oomycetes such as Leptolegnia are now excluded from the
true fungi because they have biflagellate zoospores on which one

of the flagella is of the tinsel-type; all organisms forming this type
of flagellum are now classified in the highly diverse kingdom
Straminipila (Chromista) (Dick 2001).

As with most other entomopathogenic fungi, L. chapmanii usu-
ally infects by its zoospores encysting on and then penetrating
through the host cuticle (Zattau and McInnis 1987; Pelizza et al.
2008). Additionally, however, ingestion of encysted zoospores of
L. chapmanii can result also in larval infections through the gut
(Zattau and McInnis 1987; Pelizza et al. 2008). By either route of
infection, encysted zoospores produce germ tubes that penetrate
to the coelomic cavity to establish fatal infections of larvae (Zattau
and McInnis 1987). Larval death is followed by hyphal growth
through the cuticle into the surrounding water with the subse-

oospores (Zattau and McInnis 1987; Pelizza et al. 2010).
Leptolegnia chapmanii can be cultured easily in liquid or on solid
media, and the zoospores released from Aedes aegypti larvae and
maintained in water at 25 °C remained infective to new larvae for
more than 50 days (Pelizza et al. 2008, 2011). After contact with
zoospores from dead larvae, healthy larvae were infected by ex-
posures as short as only 2 min, and began to die within 24 h
(Scholte et al. 2004; Pelizza et al. 2008). Infection of new, healthy
larvae depended on the number of zoospores produced on dead
larvae and was inversely proportional to the area of the water
surface (Pelizza et al. 2007a). Younger A. aegypti and Culex pipiens
instars were more susceptible to L. chapmanii than older instars,
and the optimal water temperature for infection by L. chapmanii
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was around 25 °C with a permissive temperature range of 10 to
35 °C for both mosquito species (Pelizza et al. 2007b). pH values of
4-10 and salinity of the water did not interfere with infectivity of
L. chapmanii in A. aegypti larvae, but the susceptibility of C. pipiens
to infection was decreased at pH values lower or higher than 7 and
was inversely proportional to the level of salinity (Pelizza et al.
2007b).

Mosquito-pathogenic species of Leptolegnia other than L. chapmanii
have received only limited attention (Scholte et al. 2004), and little
is known about their natural occurrences. Leptolegnia chapmanii
was first recorded in the USA in 1971 on a larva of Ochlerotatus
triseriatus. To date, there are only few reports about natural isola-
tion of L. chapmanii, Aphanomyces sp., or Lagenidium giganteum
(Peronosporomycetes: Lagenidiales) from mosquitoes in the USA,
and only a single record of L. chapmanii in Argentina (Seymour 1984;
Fukuda et al. 1997; Lépez Lastra et al. 1999; Scholte et al. 2004). The
exceptionally high virulence of L. chapmanii (based on the rapid
onset of mortality of exposed larvae) makes this pathogen an
unusually attractive candidate for biological control of important
culicid vectors. There has been no selective medium to enhance
the likelihood of detecting Leptolegnia species from infected lar-
vae. During infection and after host death, entomopathogens
have to overcome saprobic microorganisms, such as fungi and
bacteria, that might slow down or inhibit sporulation or that
overgrow the desirable pathogen and, thereby, hamper the detec-
tion and later isolation of this pathogen (Tsao 1970; Roy and Pell
2000; Wraight et al. 2007). Growth of entomopathogens can be
restrained by fungivorous arthropods, especially mites (Yoder
et al. 2009; R.N. Leles and C. Luz, unpublished data). Other inhos-
pitable conditions for fungal recycling, such as absence of liquid
water, unfavorable humidities or temperatures, and excessive
sunlight, affect post-mortem development and impede the isola-
tion of pathogens from the host (Luz and Fargues 1998; Arthurs
and Thomas 2001).

A culture medium amended with antibiotics and fungicides
that specifically favors the development of a wanted ento-
mopathogen while inhibiting undesired contaminants provides
an important tool for a more selective detection. Various semi-
selective culture media are well known for isolations of specific
entomopathogenic fungi or groups. Many of these media, how-
ever, are amended with dodine, a fungicide that is now difficult to
obtain and that presents acute toxicity issues (Chase et al. 1986;
Liu et al. 1993; Keller et al. 2003; Hughes et al. 2004; Luz et al. 2004;
Kegley et al. 2010). Rocha and Luz (2009) tested the inhibition of
saprobic fungi by several fungicides and suggested the broad use-
fulness of thiabendazole at 4 mg/L for semiselective culture me-
dia. Other dodine-free semiselective media to isolate Culicinomyces
clavisporus (Panter and Frances 2003), Beauveria spp., and Metarhizium
spp. (Luz et al. 2007; Fernandes et al. 2010) are known, but no
specific medium favoring growth by L. chapmanii has been de-
scribed. This pathogen attacks only aquatic stages and, unless it is
causing epizootic events, is more difficult to detect than most
common terrestrial entomopathogenic fungi.

Current studies in our laboratory focus on techniques to detect
entomopathogenic fungi directly on field-collected culicid larvae,
using captured larvae as a specific substrate (R.N. Leles and C. Luz,
unpublished data). The objective of the present study was to pro-
vide a simple method for a more effective detection of and, con-
sequently, isolation of L. chapmanii from infected mosquito larvae.

Materials and methods

Preparation of water agar media

Avery soft water agar (WA; 10 g agar/L) medium was prepared as
the basal and control medium to be amended with chloramphen-
icol (Oficinal, Brazil) at 50, 100, 300, 500, or 1000 mg/L (WA+ca);
thiabendazole (Nortec Quimica, Brazil) at 8 mg/L (WA+tb); crystal
violet (hexamethyl pararosaniline chloride, Cromato Produtos
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Quimicos, Brazil) at 10 mg/L (WA+cv); deltamethrin (k-othrine CE
25, Bayer CropScience, Brazil) at 50 mg/L (WA+dm); or a combina-
tion of thiabendazole (8 mg/L) and chloramphenicol (500 mg/L)
(WA+tb+ca). For WA without additives or added with crystal violet
or deltamethrin, distilled water was heated to 50 °C at 500 r/min
on a magnetic stirrer before adding agar and either additive; the
medium was then agitated until any additives were completely
dissolved. Thiabendazole and chloramphenicol were dissolved
separately in 1 mlL aliquots of absolute ethanol before being added
to the hot water agar prepared as noted above. The pH of all media
was adjusted to 7 before being autoclaved and dispensed into
sterile Petri dishes (35 mm x 15 mm).

Origin and culture of the watermold and production of
infected larvae

Leptolegnia chapmanii ARSEF 5499 was originally isolated in 1996
from a fourth instar Aedes albifasciatus larva (L4) in the city of La
Plata, Argentina (Lopez Lastra et al. 1999). The strain was culti-
vated on Emerson’s YPSS agar, and its virulence maintained by
successive passage through laboratory-reared L4 A. aegypti. This
strain, when inoculated in 14 larva, produces about 10° zoospores
per infected larva, 48 h after inoculation and exposure at 25 °C
(Pelizza et al. 2008). Fifteen dead L4 larva were transferred to a
plastic cup (260 cm?3) with 100 mL of sterile distilled water. Then
50 healthy A. aegypti L4 larva, obtained from a colony maintained
at Centro de Estudios Parasitolégicos y de Vectores (CEPAVE, La
Plata, Argentina), were added to the cup and exposed to infection
by zoospores (1.5 x 10 zoospores/mL) for 6 h.

Evaluation of the effect of additives on the development of
L. chapmanii

Four living A. aegypti L4 larva infected with L. chapmanii as men-
tioned were carefully set on WA and incubated at 25 °C, 12 h
photophase, and saturated humidity for 48 h. The development of
L. chapmanii on larvae was examined with a phase contrast micro-
scope. Larvae were then transferred individually with 2 mL of
distilled water into wells on a sterile plastic multiwell cell culture
plate (Cellstar, Greiner Bio-One) and maintained for 48 h at ambi-
ent room temperature and humidity to allow the development of
asexual and sexual structures. To verify the viability of zoospores,
larvae were then removed from the well, and a healthy L4 exposed to
this water. Infection and mortality of these larvae with L. chapmanii
were assessed microscopically at 48 h incubation. Control groups
were assessed with healthy L4 maintained on WA media with or
without additives and the same posterior processing as described.

Analysis of results

Four independent repetitions with 4 L4 were made for all tests,
and for each test a new culture of L. chapmanii was used. Percent
mortalities were arcsine-square root transformed and then analyzed
using analysis of variance (ANOVA) and the Student-Newman-
Keuls multiple range test for comparison of means. Means were
considered to be statistically different at P < 0.05.

Results

Living larvae exposed to L. chapmanii zoospores and then re-
moved from zoospore suspensions to WA typically started dying
on the WA surface within 24 h regardless of any additive tested
except that WA+dm induced total mortality within a 3-5 min
after exposure to the medium, whether or not they were previ-
ously exposed to infective zoospores. For the other additives, mor-
talities after a 48 h exposure of larvae on WA media varied from
100% (WA+cal00, WA+ca300, and WA+tb+ca) to 58.3% (WA+cv)
(Table 1). High numbers of uninfected control larvae survived a
48 h exposure on WA media without additives (100%) or WA+cv or
WA+tb (100%), WA+tb+ca (93.8% + 6.2%), or WA+cal000 (87.5% *
12.5%). With the exception of deltamethrin, other additives had
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Table 1. Infectivity of Leptolegnia chapmanii zoospores against Aedes aegypti larvae (L4) and subsequent development of reproductive structures for
extended periods after 2 days of initial incubation on amended water agar.

Phase 2: Extended treatment in same water
after replacing exposed 14 with healthy 14}

Phase 1: Post-treatment incubation
for additional 48 h*

Mortality Zoosporangia Zoosporangia Mortality Zoosporangia Zoosporangia

Additive mg|L (%) (%) and oogonia (%) (%) (%) and oogonia (%)
Chloramphenicol 1000 87.5%10.8 87.5110.8 87.5110.8 81.2110.4 81.2+110.4 25.010.0

500 87.5%6.2 87.516.2 50.0+22.8 87.5%6.3 87.516.3 12.5%7.2

300 100.0 100.0 33.3127.2 100.0 100.0 16.6+13.6

100 100.0 91.616.8 0.0 91.716.8 91.716.8 16.6%13.6

50 91.616.7 88.319.5 0.0 66.7113.6 66.7+13.6 8.316.8
Thiabendazole 8 75.018.9 75.018.9 6.212.0 87.5%12.5 87.5112.5 16.6%13.6
Thiabendazole + 8+500% 100.0 100.0 50.0+19.8 93.715.5 93.7+5.5 0.0
chloramphenicol

Crystal violet 10 58.3%18.0 0.0 0.0 16.616.9 0.0 0.0
Deltamethrin 50 100.0 0.0 0.0 100.0 0.0 0.0
None — 100.0 100.0 0.0 93.715.4 93.715.4 0.0

“Four L4 per treatment (with 4 repetitions) were exposed to 1.5 x 103 zoospores/mL for 6 h, placed on amended water agar for 2 days at 25 °C, then moved to individual
wells with 2 mL of sterile, uninoculated water at 25 °C, 12 h photophase, and saturated humidity for 48 h.
TInfection and development after replacing initially exposed larvae in these wells with new, healthy L4 larvae and incubated under the same conditions for another

48 h.
¥Eight mg/L thiabendazole plus 500 mg/L chloramphenicol.

Fig. 1. Leptolegnia chapmanii on Aedes aegypti fourth instar larva on
water agar medium. (A) Zoosporangia filled with zoospores (arrow 1)
or empty (arrow 2), and free zoospores (12 wm diameter, arrow 3).
(B) Zoosporangia releasing zoospores (arrow 4). Bars = 24 pm.

no effect on survival of uninfected larvae on WA (F; ;) = 0.89;
P =0.54).

A few hours after larval death, mycelium and zoosporangia
were observed emerging from larvae that were previously treated
with L. chapmanii and still exposed on unamended WA or, after a
somewhat longer time, on larvae placed on WA+tb. No outgrowth
or sporulation from infected larvae was observed on WA includ-
ing any other additives, although mycelium, zoosporangia, and
eventually, oogonia were formed after dead larvae were trans-

Fig. 2. Leptolegnia chapmanii on Aedes aegypti fourth instar larva on
water agar medium amended with chloramphenicol (1 g/L). Oogonia
(40 pm diameter, arrow). Bar = 40 pm.

ferred to liquid water in a well plate. Zoosporangia were either
filled with zoospores or already empty after the release of zoo-
spores (Fig. 1A). Figure 1B and video (see supplementary material)!
show a zoosporangium releasing zoospores. Zoosporangia were
produced in larvae exposed to WA without additives, but no oogonia
were formed. Zoosporangia emerged on dead larvae exposed to
WA+ca regardless of the concentrations tested (0.05-1 g/L), and the
percentage of larvae with oogonia after 48 h exposure increased
proportionally with the concentration of chloramphenicol. Nota-
bly, the pathogen in every infected larva placed on WA+ca1000
formed oogonia (Fig. 2). No oogonia were formed in larvae on
WA+ca <100 mg/L, and in only 6.2% of larvae on WA+tb. On
WA+tb8+ca500, all larvae were found with zoosporangia but only
50% had zoosporangia and oogonia (Table 1). No mycelium, zoo-
sporangia, or oogonia were formed in larvae on WA+cv or WA+dm
(Table 1). All oogonia found with chloramphenicol-amended me-
dia were abortive in their development.

Isupplementary data are available with the article through the journal Web site at http:/[nrcresearchpress.com/doi/suppl/10.1139/cjm-2012-0703.
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When healthy new L4 were added to zoospore suspensions in
wells after the removal of previously tested larvae, mortality rates
of >66.7% were obtained in wells that had contained larvae ex-
posed on WA+ca (chloramphenicol: 50-1000 mg/L), WA+tb,
WA+ca+tb, and without additives. Only 16.6% mortality was ob-
tained from larvae added to zoospore suspensions from larvae
initially exposed on WA+cv at the same moment. Whereas zoo-
sporangia and zoospores developed on all dead larvae within a
48 h period after exposure of healthy larvae, oogonia were apparent
on only 0%-25% of these secondarily exposed dead larvae (Table 1). All
control larvae survived at least for 48 h regardless of the additive or
combination tested except on WA+dm, on which 100% mortality was
observed within minutes.

Discussion

Several culture media are excellent for sustaining the vegeta-
tive growth of L. chapmanii (Pelizza et al. 2011), but the studies
reported here focus on facilitating the detection of this ento-
mopathogen. This is the first description of a simple method to
detect L. chapmanii from living, infected culicid larvae. The tech-
nique provides favorable conditions for this pathogen to develop
on a supposedly infected living larva that is more or less effec-
tively immobilized on a water agar without nutrients but
amended with additives that eventually inhibit growth by numer-
ous unwanted bacterial and fungal contaminants. The method
uses the host insect as a selective substrate and permits individual
processing of large numbers of larvae even under field conditions.

These studies made clear that most control larvae (that were not
previously infected with L. chapmanii) survived for at least 48 h in
the aqueous film on 1% WA. Chloramphenicol (50-1000 mg/L),
thiabendazole (8 mg/L), combined chloramphenicol (0.5 g/L)
and thiabendazole (8 mg/L), and also crystal violet (10 mg/L) had no
toxic effect on A. aegypti larvae (L4) at the concentrations tested.
Because deltamethrin (50 mg/L WA) was highly toxic to larvae,
this and other insecticides that quickly kill larvae must be avoided
for detecting or isolating pathogens from these larvae. The sur-
vival of larvae on WA permitted the development of L. chapmanii in
the larvae without their needing to be swimming freely in water.
The reduced mobility of larvae in the superficial water film on WA
increases the likelihood of detecting this pathogen in larvae, even
at low infection rates.

Most Leptolegnia-exposed L4 died from the infection within 48 h
of incubation in the water film on WA and produced zoosporangia
and zoospores when transferred to free water. Interestingly, the
formation of oogonia (albeit without subsequent production of
oosporangia or oospores) was stimulated and accelerated by in-
creasing concentrations of chloramphenicol. Chloramphenicol is
a broad-spectrum thermoresistant bactericide that is commonly
used in semiselective media for entomopathogenic fungi (Veen
and Ferron 1966; Tsao 1970; Fernandes et al. 2010; Rangel et al.
2010). While the factors triggering sexual reproduction by
L. chapmanii are not yet clearly understood (Zattau and McInnis
1987; Pelizza et al. 2010), Pelizza et al. (2010) reported the post-
mortem initiation of oogonial development at 25 °C after only
5 days of incubation of infected A. aegypti larvae. In any case, the
formation of sexual structures is not necessary for successful iden-
tification or isolation of this pathogen from culicid larvae or for its
effective use as a biological control agent.

Although crystal violet is often used in selective media for both
its bactericidal activity and intense coloring that helps the visual-
ization of growing pathogens (Chase et al. 1986), this amendment
completely inhibited the development of L. chapmanii and can not
be used for the detection of this pathogen.

One percent WA seems to be most useful to facilitate field col-
lections and for immobilization of large numbers of mosquito
larvae without Kkilling them while favoring the development of
L. chapmanii. After 24-48 h of incubation on WA, any larvae re-
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maining alive in the water film are probably not infected with
L. chapmanii and can be excluded from further processing. Dead
individuals, on the other hand, can be easily transferred from the
agar to liquid water to permit formation of zoosporangia and,
possibly, to initiate oosporogenesis. Mycelium and reproductive
structures are then either directly transferred to an appropriate
culture medium, such as Emerson’s YPSS agar medium (Pelizza
et al. 2011), for further examination or used as inoculum against
healthy laboratory-reared larvae for in vivo propagation of this
pathogen.

Based on the findings of this study, WA amended with both
chloramphenicol (up to 1 g/L) and (or) thiabendazole (4-8 mg/L),
depending on the types and titers of bacterial and fungal contam-
inants in the material being collected, seems to fit best for the
recovery from natural sites of new strains of Leptolegnia attacking
aquatic stages of culicid mosquitoes and also to monitor the effec-
tiveness of field trials with L. chapmanii.

Improving the chance to detect such little-studied oomycetes as
L. chapmanii and Lagenidium giganteum that have a high potential
for the control of vectors such as mosquitoes and blackflies may
depend on using such an initial survey technique as that discussed
here. Numerous individual, field-collected larvae can be surveyed
rapidly if they are semi-immobilized at first on a contaminant-
suppressive medium, thus making the identification of single in-
fected larvae dramatically faster and increasing the chance of
isolating any pathogen. To wait for infected larvae to die and to
sporulate is slower and tends to interfere with the isolation and
identification of pathogens owing to the increasingly problematic
presence of bacterial and fungal contaminants.

It is reasonable to assume that the initial semi-immobilization
of living larvae on contaminant-suppressive agar surfaces should
be a widely applicable strategy to enhance the detection and
isolation of the full range of oomycete and other flagellate
fungal pathogens from the aquatic stages of a diverse range of
vector dipterans. The low cost and technical simplicity of such
an approach should advance the studies of these pathogens in
all regions of the world where there is a pressing need for more
environmentally friendly means than chemical pesticide appli-
cations to control these insect vectors and the diseases they
transmit.
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