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Twenty three isolates dBeauveria bassiarend 13 isolates dfletarhizium anisopliagvere tested
on third instar nymphs dfriatoma infestansa serious vector of Chagas disease. Pathogenicity tests at
saturated humidity showed that this insect is very susceptible to fungal infection. At lower relative hu-
midity (50%), conditions expected in the vector microhabitat, virulence was significantly different among
isolates. Cumulative mortality 15 days after treatment varied from 17.5 to 97.5%, and estimates of 50%
survival time varied from 6 to 11 days. Maintaining lower relative humidity,Bobassianand twoM.
anisopliagsolates were selected for analysis of virulence at different conidial concentrations and tem-
peratures. Lethal concentrations sufficient to kill 50% of insectgd)laried from 7.1x19to 4.3x16
conidia/ml, for aB. bassiangsolate (CG 14) and 8. anisopliaeisolate (CG 491) respectively. Most
isolates, particularlyB. bassianasolates CG 24 and CG 306, proved to be more virulent at 25 and
30°C, compared to 15 and 20°The differential virulence at 50% humidity observed among $hme
bassianasolates was not correlated to phenetic groups in cluster analysis of RAPD markers. In fact, the
B. bassianasolates analyzed presented a high homogenei#stb6 similarity).

Key words: vector control - Chagas disease - entomogenous fungi - virulence - random amplification of
polymorfic DNA

Entomopathogenic fungi are promising candi- Microclimatic conditions in the natural insect
dates for microbiological control of Triatominaehabitat may be unfavorable for fungal infection.
(Hemiptera, Reduviidae) because they invade thditumidity in domestic microhabitats of triatomine
hosts through the integument. However, relativeugs may be distinctly lower as shown by Luz
humidity (RH) and temperature are known to b€1994) inRhodnius prolixusTo select isolates for
limiting environmental factors for fungal develop-biocontrol, intraspecific differences of fungal
ment on insects (Glare & Milner 1991, Ferron ebehaviour related to abiotic conditions in target
al. 1991). High rates of infection and a rapid kilinsect habitats should be considered. In this study,
of triatomine bugs by the hyphomycete fungisolates ofB. bassianaand M. anisopliaewere
Beauveria bassianand Metarhiziumanisopliae screened againdtriatoma infestansat RH close
were obtained at humidities close to saturatioto saturation and at 50% RH. The effect of conidial
(Silva & Messias 1985, Romafia & Fargues 198%oncentrations and temperatures were analyzed for
Luz 1990, Romafia 1992, Luz et al. 1994). Infecsome isolates at the lower RH. Polymorphism
tion of bugs diminished witlB. bassianaat RH among somd. bassiandsolates, with different
below 97% (Luz 1994). Optimal temperatures fotevels of virulence, was investigated by using ran-
fungal development on the insect host range fromlom amplification of polymorphic DNA (RAPD)
16 to 30°C foB. bassianandM. anisopliaewith  analysis.

a faster development at the higher temperatures MATERIALS AND METHODS

(Ferron et al. 1991). . ]
Insect rearing - T. infestansas mass-reared

in the laboratory. Insects were allowed to feed on
chickens every two weeks, and maintained at
25+0.5°C, 75£5% RH with a photophase of 12 hr.
The T. infestanscolony was originally from the
*Corresponding author. Fax: +55-62-202.3066. E-mailState of Parana, Brazil, and has been maintained
wolf@ipe.ufg.br in laboratory since 1981.
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were originally obtained from hemipteran insectgjies, Alameda CA.). Ten primers were selected for
in Brazil (Table 1). Conidia were obtained fromthe analysis: OPE-01, OPE-02, OPE- 03, OPE-04,
cultures grown on complete media (0.001 g FgSOOPE-07, OPE-14, OPE-15, OPE-16, OPE-19 and
0.5 g KCl, 1.5 g KHPQ,, 0.5g MgSQ.7 H,0, 6 OPE-20. Amplified products were separated by
g NaNG;, 0.001 g ZnSQ, 1.5 g hydrolysed electroforesis in 2% LE agarose gel dissolved in
caseine, 0.5 g yeast extract, 10 g glucose, 2 g pdp5bx Tris-borate-EDTA (TBE) buffer. After elec-
tone, 20 g agar and 1 | distilled water) at 27°C fotrophoresis, gels were stained with ethidium bro-
15 days. Mycelium used for RAPD analysis waside (Sambrook et al. 1989) and photographed
obtained from a submersed culture of conidia imnder UV light. DNA fingerprints were scored di-
complete medium shaking at 150 rpm at 25°C farectly from the photographs.
three days. Mycelium was harvested by filtration Data analysis Angular transformed cumula-
through filter paper (Whatman No. 1), lyophilizedtive mortalities were analyzed by ANOVA (analy-
and stored at -80°C. sis of variance) and means compared by cluster
Bioassays €onidia were harvested from plateanalysis (Scott & Knott 1974Estimates of 50%
cultures and suspended in sterile distilled watesurvival time were calculated (Lee 1980), curves
with 0.1% Tween 80 (Sigma, St. Louis, MO, USA).of survival analyzed by log-rank-test and compared
Newly emerged and unfed third insfarinfestans by Z-statistics (Fox 1993). Lethal concentrations
nymphs were used in the assays. Tests on pathogekill 50% and 90% (LG, and LG,y were calcu-
nicity at a RH close to saturation and 25°C wer&ated by probit analysis (SAS Institute Inc. 1989).
done by immersion of ten insects in a conidial SuURRAPD characters were analyzed using NTSYS-pc
pension (18 conidia/ml) for approximately 6 sec. V1.8. A similarity matrix was created using the
For all other assays the same method of applicdaccard similarity coefficient (Sneath & Sokal
tion was used with four replicates of ten insects. A973). Clustering was done using the unweighted
suspension of 70conidia/ml was used to evaluatemean pair group arithmetic mean method
virulence of isolates at 50% RH and 25°C. Main{UPGMA).
taining this lower RH, six selected isolates (CG RESULTS
14,CG 24, CG 144,CG 306, CG 474 and CG 491) o .
were tested at four temperatures (15, 20, 25 and Effect of humidity on mortality Most B.
30°C) and seven conidial concentrations®(10 bassianandM. anisopliaeisolates tested at RH
3x1P, 10F, 3x1, 10/, 3x10 and 18 conidia/ml). nearing saturation and 25°C, induced cumulative
Control insects were treated as described above Buprtalities between 90 and 100% in third instar
without conidia. After treatment, insects were trans?ymphs ofT. infestangTable 11). At 50% RH,
ferred to gauze_covered transparent cups (55 mihe wrulencg of .most isolates was reduced, but
diameter x 75 mm) and kept in a chamber witfiour B. bassianasolates (CG 21, CG 306, CG
regulated temperature and humidity (50+5% RH74 and CG 516) and two isolatesvbfanisopliae
and 25x1°C). For tests at different temperature$CG 144 and CG 491) caused mortalities of 90%
insects were held in desiccators (53% RH), whicBr higher. Four otheB. bassianasolates (CG 14,
were kept in incubators. Humidity inside desiccaCG 19, CG 24 and CG 261) and one isolati! of
tors was maintained by using a saturated aqueo@Bisopliae(CG 50) caused mortalities over 85%
solution of MgNQ,.6H,0 (Winston & Bates 1960). at 50% RH. ANOVA of mortalities showed a sig-
For all assays, morta"ty of insects was recordeﬂlflcant difference betweeB. baSSIanas_olates
da||y during 15 days after treatment. (F = 48, p.< 00001), but not between |SO|a.tES of
RAPD analysis Genomic DNA of tenB. M. anisopliag(F = 1.4, p = 0.1928). Comparison
bassianaisolates (CG 14, CG 16, CG 19, CG 210f means resulted in three groups< 0.05) for
CG 24, CG 136, CG 261, CG 306, CG 474 anB. bassianasolates. Estimates of 50% survival
CG 516) was obtained using a universal rapid sdifne of insects varied from six days, for CG 550,
extraction method (Aljanabi & Martinez 1997).t0 eleven days for CG 19, CG 42 and CG 125. A
PCR reactions were performed in BDvolumes, Significant difference between survival curves of
with 15 ng of each template, using the PTC-108- bassianasolates ¢ = 42.9, p < 0.0001) and
programmable thermal controller (MJ Research)M. anisopliadsolates ¢2= 37.9, p < 0.0001) was
and a temperature profile described by Tigandletected. o
Milani et al. (1995). Amplifications were done  Effect of temperature and conidial concentra-
using the following reaction mix: 2 units of Taqtion on mortality -The effect of temperature and
polymerase (Cenbiotec), i of 10x Taq poly- conidial concentration on fungal virulence were
merase reaction buffer, 206M of each analyzed at 50% RH. Four isolatesBofbassiana
deoxynucleotides triphosphate (Pharmacia Biotec§CG 14, CG 24, CG 306, CG 474) and two isolates
and 0.4nM of 10-mer primer (Operon Technolo- Of M. anisopliae(CG 144, CG 491) were selected



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 93(6), Nov./Dec. 1998 841

TABLE |
Host origin and geographical locationBéauveria bassianandMetarhizium anisopliagsolates

Species/lIsolaté Geographical location Host or substrate Year
city/country
B. bassiana
CG 06 Pelotas/Brazil Soil 1991
CG 14 Londrina/Brazil Podisussp.? 1988
CG 16 Ipojuca/Brazil Diatraea saccharali§ 1983
CG 19 Londrina/Brazil Nezara viridulaP 1981
CG21 France Unidentified Pentatonfid 1973
CG 22 Londrina/Brazil Nezara viridulaP 1983
CG 24 Londrina/Brazil Euschistus hero 1986
CG 25 Brasilia/Brazil Anticarsia gemmatali$ 1987
CG 78 Yerba Buena/Argentina Nezara viridulaP 1986
CG 135 Brazil Euselasiasp.® 1988
CG 136 Piracicaba/Brazil Unidentified Cercopidae NA
CG 149 Goiania/Brazil Deois flavopictd 1982
CG 154 Jatai/Brazil Deois flavopictd 1983
CG 261 Brasilia/Brazil Edessa meditabunda 1992
CG 287 Brasilia/Brazil Nezara viridula? 1992
CG 306 Brasilia/Brazil Thyanta perditoP 1990
CG 470 Cascavel/Brazil Podisussp ? 1984
CG 474 Londrina/Brazil Podisussp.? 1984
CG 479 Santana do Ipanema/Brazil Unidentified Vespidae 1985
CG 516 (Bb 66} Oliveros/Argentina Nezara viridula? 1992
CG 517 (Bb 67} Oliveros/Argentina Nezara viridula? 1992
CG 549 (Bb 2529 Italy Adelphocorissp.? 1983
CG 550 (Bb 297y Poland Unidentified HeteroptePa 1971
M. anisopliae
CG 40 Brasilia/Brazil Deois flavopictd 1988
CG 41 Brasilia/Brazil Nezara viridula? 1987
CG 42 Brasilia/Brazil Deois flavopictd 1989
CG 46 Brazil Deois incomplet& NA
CG 50 Brasilia/Brazil Deois flavopictd 1987
CG 93 Brasilia/Brazil Deois flavopictd 1985
CG 97 Brasilia/Brazil Unidentified Scarabaeifae 1988
CG 125 Santa Izabel/Brazil Monalonion annulipe§ 1991
CG 144 Goiania/Brazil Piezodorus guildiniP 1982
CG 167 Goiania/Brazil Tibraca limbativentri 1985
CG 339 Brasilia/Brazil Unidentified Scarabaei§ae 1991
CG 491 Londrina/Brazil Deoissp.P 1983
CG 498 Goiatuba/Brazil Scaptores castanda 1983

a: Embrapa/Cenargen Collection, Brasilia, Brazi;Hemipteraic: Lepidopterag: Hymenopterage: Coleoptera,
NA: not availablejf: isolates obtained from INTA/IMYZA Collection, Castelar, Argentigajsolates obtained

from INRA Collection, Montpellier, France.

for this study. Progress of mortality at different tema significant linear effect in CG 14, CG 144 and
peratures is demonstrated in Fig. 1. There wasGG 491, a significant linear and quadratic effect in
significant effect of the isolate (F = 15.7, p <CG 24 and CG 306. No significant differences be-
0.0001) and temperature (F = 14.8, p < 0.0001) dween mortalities at different temperatures were ob-
insect cumulative mortality, 15 days after treatmenserved for CG 474. The values of 415 days
Within all temperatures tested, mortality due to thafter fungal application, varied from 7.1l

B. bassianaisolates was higher than in th&  4.3x1® conidia/ml fora B. bassiandsolate (CG
anisopliaeisolates (7.2 %, I.C. 95 % at 3.9-11.314) and aM. anisopliaeisolate(CG 491)respec-
%). Isolates showed different patterns of mortalityively éﬁTabIe ). Values of LG, varied between
atincreasing temperatures (F = 2.6, p < 0.004) with6x1® (CG 474) and 1.4xB)CG 491). Confi-
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TABLE Il

Virulence ofBeauveria bassianandMetarhizium anisopliaésolates taTriatoma infestans é25°C anddifferent
relative humidities (RH)

Species/Isolate _ 50% FeH

RH close to saturation

Mortality (%)? Mortality (%)° Estimates of 50%

survival time (day$)

B. bassiana
CG21 100 97.5 (2.8) 7.0 (7; 89
CG 306 100 97.5 (2.8) 8.0 (7; 930
CG 516 100 97.5 (2.8) 9.0 (7; 1P
CG 474 100 92.5 (7.8) 8.0 (7; 930
CG 19 100 87.5 (6.2) 11.0 (10; 113
CG 14 100 85.0 (8.7) 9.0 (8; 1(1)3
CG 24 100 85.0 (15.8) 8.0(8;1
CG 261 90 85.0 (8.9) 8.5 (7; 9%
CG 149 100 82.5 (17.8) 10.0 (9; 103
CG 22 100 80.0 (14.3) 7.0 (6; 7%
CG 78 100 80.0 (16.8) 8.0 (7; 109
CG 06 100 72.5 (11.2) 9.5 (8; 112
CG 550 100 67.5 (4.8) 6.0 (6; 8%
CG 470 100 65.0 (11.9) 10.0 (9; 123
CG 517 100 62.5 (14.9) *
CG 549 100 57.5(11.9) *
CG 154 100 55.0 (19.8) *
CG 25 100 52.5 (10.8) *
CG 16 50 45.0 (20.9) *
CG 136 100 45.0 (12.B) *
CG 287 100 35.0 (8.9) *
CG 135 100 25.0 (6.5) *
CG 479 100 17.5 (2.9) *
M. anisopliae
CG 144 100 90.0 (4.1) 7.0 (6;77)
CG 491 100 90.0 (10.0) 7.0 (7%
CG 50 100 85.3 (5.0) 9.5 (8, £0)
CG 93 100 82.5 (7.5) 10.0 (8; BP)
CG 125 100 80.0 (13.5) 11.0 (10; #3)
CG 41 100 77.5 (13.2) 9.5 (8; #¥)
CG 42 90 77.5 (6.3) 11.0 (10; £1)
CG 97 90 67.5 (6.3) 9.0 (8; L)
CG 40 100 65.0 (11.9) 10.0 (8; £2)
CG 339 90 65.0 (15.0) 9.5 (8; 75)
CG 167 90 60.0 (14.7) *
CG 46 90 57.5 (16.0) 8.0 (7;®)
CG 498 90 45.0 (10.4) *

a: cumulative % mortality, 15 days after treatment of 10 third instar nymphs treated itbrii@ia/ml of each
isolate;b: tests were done with four replicates of 10 third instar nymphs/replicate, usimgrifia/ml| of each
isolate;c: cumulative % mortality, 15 days after treatment (standard error of observed mean). Means, analyzed in
arc sin scale, followed by the same letter were not significantly different (cluster analysis method, designed by Scott
& Knott 1974);d: estimates of 50% survival time (days) (C.I. 95%). Values, followed by the same letter, did not
differ significantly in survival curves at an overall 0.1 significance level. *: mortality rate was not enough to estimate
50% survival time.

dence intervals indicate similarity in virulencelates was 79%. Cluster analysis of the RAPD data
amongB. bassianaisolates, but not irM. did not produce well defined phenetic groups (Fig.
anisopliaeisolates. 2). The isolates analyzed presented high similarity

RAPD analysis The ten primers used for the (> 73%), although they had been selected for pre-
B. bassianasolates produced 114 scorable bandsenting different virulence towardg infestans
and the average genetic similarity among these is¢rable 11).
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Similarity Isolates
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Fig. 2: dendrogram constructed from RAPD data, indicating the relationships &@weangeria bassianesolates. A similarity
matrix was calculated using the Jaccard coefficient, and the tree was generated from this matrix by unweighted pair gtpup metho
arithmetic mean (UPGMA).

TABLE Il ties. TwoB. bassianasolates, CG 449 and CG
Lethal concentrations @eauveria bassianand 550, which were reported to be highly virulent to
Metarhizium anisopliaésolates fofTriatoma infestans T. infestanandR. prolixusrespectively at RH close
; to saturation (Romafia & Fargues 1987, Romafa
0, 0, 1
Species/isolate  Lgy (C.1. 95%) LGy (C.I. 95%) 1992), were distinctly less virulent in the present

B. bassiana study when tested at 50% RH and 25°C.

CG 14 0.7 (0.3-1.4) 6.0(2.9-18.0)  The fourB. bassiandsolates, CG 14, CG 24,

CG 24 1.3(0.6-2.3) 8.3 (4.5-36.0) cG 306 and CG 474 amd. anisopliadsolate CG

gg 431(7)?1 2'8 Eg'gjg Z'é 821:158; 144 showed no difference in effectiveness against
AT A "/ T. infestansccording to concentration of conidia

M. anisopliae applied. OnlyM. anisopliaeisolate CG 491 was

CG 144 1.8 (1.4-2.4) 10.0 (7.2-16.0) (istinctly less virulent. Effectiveness of most iso-

CG 491 4.3 (2.7-6.8) 140 (68.0-400.0) |ates tested, particularly of tié. anisopliaeiso-

LCggand LGy, (C.1.) based on seven concentrations ofates (CG 144 and CG 491yas reduced at 50%
conidia (18, 3x1®, 1P, 3x1®, 10/, 3x10 and 16 RH and temperatures of 15 or 20°C. The most viru-
conidia/ml) were calculated 15 days after treatment. Alent isolate at temperatures of 20 and 25°C, tem-
values multiplied by 19 Tests were done with four peratures found in domestic habitat3 ofifestans
replicates. of 10 thi(d instar nymphs each, at 25°C angnd 50% RH was CG 306, which showed also an
53% relative humidity. elevated virulence at 15 and 30°C. However, iso-
lates CG 14 and CG 24 were the most active at 25
and 30°C. Virulence of the isolate CG 474Tto
DISCUSSION infestansroved to be independent of the tempera-
All B. bassianaand M. anisopliaeisolates tures tested but was generally reduced compared
tested proved to be pathogenicTtdnfestansat a  to the otheB. bassianasolates. _
RH nearing saturation. However, several isolates Mietkiewski et al. (1994) found maximal mor-
of B. bassianaandM. anisopliaewere also viru- tality in Galleria melonellatreated withM.
lent againsT. infestanst 50% RH. High mortali- anisopliaeat 30°C. However, the twhd. anisopliae
ties due to infection witB. bassianandependent isolates tested againbt infestansvere not more
of RH or at low RH was reported for other insecvirulent at 30°C compared to lower temperatures.
pests (Ferron 1977, Doberski 1981, Marcandier &he intraspecific optimum of temperature for fun-
Khachatourians 1987) and has also been observ@dl development can vary notably as shown by
for other fungal species (Hsiao et#992, Fargues Moorhouse et al. (1994) who reportedva
et al. 1997). Exposure of fungus-treated triatomin@nisopliaeisolate with highest virulence against
bugs to undefined humidities resulted in low ratete vine weevil Otiorhynchus sulcatysat 10°C
of insect mortality (Dias & Le&o 1967, Romafia &&nd another isolate with an optimum at 25°C. Re-
Romafia 1981, Sherlock & Guitton 1982). Onlycently Vidal et al. (1997) showed the correlation
Luz (1990) and Romafia (1992) reported a som&f geographic origin oPaecilomyces fumo-
what superior susceptibility d®. prolixusto B. ~ soroseussolates and their temperature ranges in
bassianaat 40% RH, compared to higher humidi-terms of vegetative growth on artificial media.
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RAPD analysis indicated that tfBe bassiana fungi, p. 547-612. In DK Arora, L Ajello, KG
isolates were quite homogeneous, despite their dif- Mukerji (eds)Handbook of ApplieMycology Vol.
ferences in virulence agairktinfestansThe viru- a HU:‘("afllS' Animals and Insedtéarcel Dekker Inc.,
lent isolates were even more homogenous and 'N€W YOrk. .
could not be distinguished by these moleculdrsia0 WF. Bidochka MJ, Khachatourians GG 1992.
markers. The analysis of isoenzymeBdbassiana E-ﬁeld of tefmtﬁeranire andtLelat'Ve hfum'dmt’- an the
. ' .. K rulence o e entomopatnogenic tun Cll-
isolates has shown that it is not possible to corre- Kluum lecanii toward thf oat-%irdl aghi?ﬁ;ga_
late molecular polymorphism with virulence  |osiphum padiHom., Aphididae)J Appl Ent114
(Lecuona et al. 1996) This high similarity could  484-490.
be related to the original host of the strains anaecuona RE, Tigano MS, Diaz BM 1996. Characteriza-
lyzed. With the exception of CG 16, all others were  tion and pathogenicity &eauveria bassianagainst
isolated from heteropteran insects. Maurer et al. Diatraea saccharaligF.) (Lepidoptera: Pyralidae)
(1997) have shown, by RFLP and RAPD analysis, N Argentina.An Soc Entomol Brasil 2299-307.
clear relationships between the population stru¢:€€ ET 1980 Statistical Methods for Survival Data
ture ofB. bassianand some defined host species. ~nalysis W?dsworth 'l'.“fc" Lifetime Learning Publi-
However, a larger sample number of isolates fror‘[nuzcat'ons’ Belmont, California, 557 pp.

. L g C 1990. Zur Pathogenitat v@®auveria bassiana
different origins should be used to allow the iden- (Fungi imperfecti)ggegenijber mehreren Raub-

tification of related groups. wanzenarten (Reduviidae, Triatominae) und Einfluss
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] ) Rhodnius prolixusMitt Dtsch Ges Allg Angew Ent
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Fargues and Roberto Lecuona for providing fungal isq-yz C 1994 Biologische Bekampfung der Ubertrager
lates; Eugenia M Bettiol for bibliographic searches; Pe-  der Chagaskrankheit (Triatominae). Einfluss von
ter |ng||S for the Engllsh review and Bonifacio Magalhées Temperatur und Luftfeuchtigkeit auf die larvale
for critical review of the manuscript. Entwicklung von Rhodnius prolixus sowie die
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