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RELATIVE SUSCEPTIBILITY OF DIFFERENT STAGES OF RHODNIUS PROLIXUS
TO THE ENTOMOPATHOGENIC HYPHOMYCETE BEAUVERIA BASSIANA
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*INRA Station de Recherches de Lutte Biologique, La Miniére, 78285 Guyancourt Cedex, France

Laboratory bioassays were conducted to determine the relative susceptibility of eggs, Ist-,
3rd-, 5th-instar nymphs and adults of Rhodnius prolixus fo one isolate of the entomopathogenic
hyphomycete, Beauvena bassiana. Treatments consisted of directly spraying on insecis of in-
creasing doses of inoculum (3 x 10° to 3 x 10° conidia per cm?). Mortality due to all doses of
conidia was very high in the five tested stages of the larget insect. Experimenis on eggs
demonstrated that the fungal isolate was able to kill eges before they hatched. Both time-
mortality and dose-mortality responses showed that the susceptibility of R. prolixus varied
accnrdin% fo its stage of development and increased with age. As a matter of fact, at the dose
of 3 x 10° conidia per cm®, LD 50 varied between 11.2 days in Ist-instar nymphs and 6.4 days
in both Sth-instar nymphs and adults. Comparison of LD50 permitted to estimate that 1st-instar
nymphs were about 700-fold less susceptible than the iwo oldest stages.
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Despite the potentiality for chemical insec-
ticide control of the triatomine vectors, Chagas’
disease emerges as a major public health prob-
lem in Latin America (Schofield et al., 1987).
Previous attempts to select effective entomo-
genous pathogens candidates for an alternative
control of vectors have been unsuccessful (Dias
& Ledo, 1967; Roberts & Strand, 1977;
Romafia & Romaiha, 1981). More recently,
some authors reported the susceptibility of
different Triatominae species to the hypho-
mycetes, Beauveria bassiana and Metarhizium
anisopliae (Moura Costa, 1978; Sherlock &
Guitton, 1982; Silva & Messias, 1985; Messias
et al., 1986; Romana & Fargues, 1987; Romaiia
et al., 1987). Most safety tests to vertebrates
conducted on B. bassiana revealed no patho-
genic lesions or infection (Saik et al., 1990;
Siegel & Shadduck, 1990). Nevertheless, al-
lergic manifestations (Israljet et al., 1975) and
opportunistic infections (1.e. mild keratitis, Ishi-
bashi et al., 1987) have been reported. These
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reports should be carefully and prudently evalu-
ated, because this fungus is widely distributed

-1n all terrestnal environments (Glare & Mil-

ner, 1991). Anyway no tangible risks have yet
been detected by safety tests (including infec-
tion, toxicity, allergenicity and mutagenicity
tests) with registered entomopathogenic hypho-
mycetes (Burges, 1981; Payne, 1988; Ferron
et al., 1991).There is very little published in-
formation on the influence of factors affecting
the host susceptibility of the assassin bugs to
entomopathogenic fungi. All stages of insect
development, eggs, larvae, pupae and adults,
are gencrally susceptible to fungal infections
(Ferron, 1985). However, changes of suscepti-
bility according to the contaminated host stage
have been reported frequently (Ferron, 1985).
Therefore, the objective of this study was to
evaluate the relative susceptibility of different
stages of development of Rhodnius prolixus to
B. bassiana.

MATERIALS AND METHODS

Fungus — The fungal 1solate, B. bassiana
INRA 297 was selected because of its high
virulence for first-instar larvae of R. prolixus
(Romafia & Fargues, 1987; Romaila et al.,
1987). Conidia were obtained from two week-
old sporulating cultures grown at 25 £ 1 °C on
agar slants of semisynthetic medium (Romafia
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& Fargues, 1987). Conidia were harvested from
these surface cultures directly by scraping.
Inocula were suspended in sterile distilled water
by shaking in 10 ml flasks containing five to
six dozen glass beads (3 mm diameter). No
surfactant was added, since 5 min agitation at
700 oscillations per minute (10 cm of vertical
travel) on a mechanical shaker was found to
produce homogeneous suspensions of viable
single conidia. Suspensions were then adjusted
to defined concentrations according to the
hemacytometer counts,

Insects — Expenments were carried out on
a trypanosome-free strain of R. prolixus ob-
tained from the National Health Institute,
Bogota, Colombia. Insects were reared by us-
Ing guinea pigs as a blood meal source. They
were held at 28° £ 1°C and 85 + 5% RH 1n
darkness (Romaia & Fargues, 1987).

Standard bicassay procedure — The rela-
tive susceptibihity of eggs, 1st-, 3rd- and 5th-
instar nymphs and adults, was evaluated by
directly spraying titrated conidia suspensions
onto insects by using a spray tower apparatus
(Romana & Fargues, 1987; Rodrniguez-Rueda
& Fargues, 1980). Seven concentrations of
conidia were tested (from 10° to 10® conidia
per ml) resulting in surface coverage rates of
3 x 102, 107, 3 x 103, 104, 3 x 10%, 10° and
3 x 10° conidia per cm?, respectively. Four
replicates of 20 test insects were used for each
inoculum dose (including centrol lots sprayed
with sterile distilled water).

Tested insects consisted of either newly de-
posited eggs, 24-48h old, starved nymphs or
starved adults, held for 30 days without a blood
meal. Ten ml of dosage were sprayed onto
batches of 20 individuals placed 1n glass Petr:
dishes (9 cm diameter) for 2 min. After 20
min drgzing, treated insects were transferred to
12 cm-” glass pill-boxes, which already con-
tained a fan-folded filter paper. The boxes
containing their batch of 20 individuals were
closed by a cap of perforated parafilm. Then,
they were placed in an airtight parallelipipedic
plastic container (12 cm long, 6 cm wide and
12 ¢m high) divided into.two compartments of
432 cm> with a nylon frame. The space below
this frame was filled with 200 ml of sterile
water. Thus, up to eight pill-boxes could be
placed into the upper chamber, where humid-
ity was maintained near saturation. Containers

were held during the experiments in the dark-
ness at 25° £ 1°C,
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Mortalities were checked daily for one
month. The insects still alive were counted
and the dead ones removed daily and held 1n
moist chambers for seven days for fungal pro-
liferation at the test temperature. The sporula-
tion of the fungus on the surface of dead in-
sects was assumed to indicate that the fungus
was the cause of death (Romaiia & Romaiia,
1981).

Mortality data were analyzed by the two-
way analysis of variance (***0.1, **1, *5%
levels of significance) with the angular (arc-
sine) transformation of mortality rates; com-
parison of means were made by the Duncan’s
test (at 1 and 5%). Regression analysis was
used to calculate time mortality-responses (LT

50 and LT 90) and dose-mortality (LD 50 and
LD 90) using log-prebit transformations of data.

RESULTS

Susceptibility of R, prolixus eggs to B. bas-
siana INRA 297 — When treated with B. bas-
siana INRA 297, R. prolixus eggs showed a
high mortality before hatching (Table I). These
data suggested that this fungal isolate was able
to invade the eggs of 1ts host. Moreover, the
mortahty caused by the fungus depended on
the concentration of conidia, and both LD 50
(4.6 x 10° conidia per cm?) and LD 90 (5.3 x
10% conidia per cm?) were relatively low (Table

I).

Susceptibility of nymphs and adults of R.
prolixus fo B. bassiana INRA 297 — Mortality
due to causes other than infection by B.
bassiana averaged less than 10% 1n mdividu-
als sprayed with conidia suspension. Moreover,
this natural mortality did not differ signifi-
cantly between contaminated insects and con-
trols. In contrast, mortality induced by all doses
of conmidia was very high in the four tested
stages of development of R. prolixus.

Comparison of time-mortality responses
showed that the duration of the mycosis 1ncu-
bation period varied according to the dose of
fungal mmoculum and to the stage of the host
development (Table II). It clearly appeared that
the susceptibility of R. prolixus to B. bassiana
INRA 297 increased with age. For example, at
the dose of 3 x 10° conidia per cm%, LT 50
varied between 11.2 days (for individuals
treated in 1st-instar nymphs) and 6.4 days (for
individuals treated either in Sth-instar nymphs
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TABLE ]

Susceptibility of eggs of Rhodnius prolixus to Beauveria bassiana INRA 297: mortality rates and
dose-mortality response during the egg stage (before hatching)

Lethal dﬂsesb from data
recorded 20 days postspraying

Mortality? induced by the following fungal
concentrations (conidia per cm?)

103 104 10 3 x 103 LD50 LD90

26.7 4.6

57.8 £5.1 719 +7.2 90.0 £0.0 4.6 x103 53x10%

Four replicated experiments of 40 eggs per dosis and per replicate (control lots, less than 10% natural mortality).
a: average of angularly transformed percentages of egg mortality : mean + S, D., analysis of variance: dose effect
F =48.47%*%%

b: estimated both LD50 and LD90 values: regression analysis of probit-mortality and log-time.

TABLE Il

Relative susceptibility of nymphs and adults of Rhodnius prolixus to Beauveria bassiana INRA 297

time-mortality response?

Time-mortality respenses (days) to the following fungal concentrations

Contamined Lethal (conidia per cm?)
host stage tmes 1,102 108 3x10®  10°  3x10* 105  3x105
1st-instar nymphs  LT50 _ 10.5 11.2 10.4 9.2 - 5.5
LT90 - 18.2 18.8 12.1 12.0 - 9.9
3rd-instar nymphs  LTSO 30D 130 80 - 6.2 6.0 5.6
LT90 c 24.0 10.7 - 8 4 7.3 7.0
Sth-instar nymphs LT50  9.9? 7.9 6.4 4.8 5.3 _ 46
LT90 ¢ 10.1 8.0 6.3 7.9 - 5.6
Adults LTS0 7.0 - 5.9 - 5.1 - 4.4
LT90 9.0 - 7.0 - 7.0 - 6.0

——

a: estimated both LT50 and LT90 values: regression analysis of probit-mortality and log-time.

b observed values.

¢: 90% mortality non observed at 30 days postspraying.

—:not done. _

or in adults). Although this high degree of
variability of the host susceptibility must be
kept in mind, it can be underlined that LT 50
at the highest concentrations of conidia re-
mained relatively low under the conditions
of the reported bioassays. Thus, LT 50 vaned
between 5.5 and 4.1 days when tested at
the dose of 3 x 10° conidia per cm? and be-
tween 8.9 and 6.9 days at 3 x 10? conidia per

cm?.

~ These results were confirmed by the analy-
sis of dose-mortality responses recorded at six
or ten days postspraying (Table IH). Accord-
ing to observed mortality rates and to both LD

50 and LD 90 values, the 1st-instar nymphs
appeared less susceptible than the other tested
stages of R. prolixus. Thus, in lst-instar
nymphs, observed mortality rates recorded at
six days postspraying were very low. In con-
trast, in both 5th-instar nymphs and adults, at
ten days postspraying, they were too high to
establish a dose-mortality relation. Compari-
son of LD 50 showed that 1st-instar nymphs
were 15-fold less susceptible than 3rd-instar
nymphs (from data recorded at ten days
postspraying) and that these last ones were
about 50-fold less susceptible than both 5th-
instar nymphs and adults at six days post-

spraying (Table III).
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TABLE 11l

Relative susceptibility of nymphs and adults of
Rhodnius prolixus to Beauveria bassiana INRA 297 :
dose-mortality responsed

Dose-mortality responses
(conidia per cm?) at the

Contaminate Lethal followine tim t )
host-stage  doses g Lunes postSpraying
(days)
6 10
1st-instar LD50 b 2.57 x 10
(1.72-3.84)
nymphs  LDS90 b 1.10 x 103
{0.52-2.16)
3rd-instar LD50 140x10% 1.76 x103
(0.68-2.30)  (1.23-2.53
nymphs LD90 1.70 x 10° 563 x10
(0.514.53) (3.14-10.11)
5th-instar LDb50 3.51x103 ¢
(2.36-5.21)
nymphs  LD90 1,50 x 10 ¢
(0.76-2.96
Adults LD50 1.67x10 ¢
(0.82-3.39)
LD90  1.83x 104 C
(0.63-5.29)

a. estimated both LDS0O and LD90 values with confi-
dence limits (upper-lower): regression analysis of
probit-mortality and log-dose.

b: cumulative mortality observed at 6 days postspraying
less than 50%. |

¢: cumulative mortality observed at 10 days post-
spraying too high for establishing a linear dose-morta-
lity relation.

DISCUSSION

Expenmental infections, induced under con-
trolled conditions, allow the testing of the
entomopathogenic potential of fungal isolates
and the susceptibility of the different stages of
development of the target insect (Hall &
Papierok, 1982). Diverse modes of infecting
insects have been carried out in bioassays,
including spraying titrated water suspensions
of conidia directly on the test organisms
(Fargues, 1972; Ferron & Robert, 1975;
Rodriguez-Rueda & Fargues, 1980) and ex-
posing insects to treated substrates (Ignoffo et
al., 1976; Maniania & Fargues, 1986).

It is generally postulated that the mortality
responses is directly dependent on the inocu-
lum dosage (Burges & Thompson, 1971;
Pinnock & Brand, 1981; Ferron, 1985). Bioas-
says carried out with B. bassiana INRA 297
on eggs of R. prolixus showed a good corre-
lation between probit mortality and log dose.
"This dose-response relationship really exists
for numerous fung: and nsect hosts (Ferron,
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1978, 1985; Hall & Papierok, 1982), although
there are some exceptions. In the latter case,
the fungus-induced mortality due to various
doses of spores is very high after a certain
period of time (Ferron, 1967; Romafia &
Fargues, 1987). Thus, in bioassays carried out
on Rhodnius nymphs and adults, mortality data
recorded at six or ten days postspraying per-
mitted to estimate LD 50, but after 20 days
mortality rates reached 100%. Because of the
high susceptibility of nymphs and adults to B.
bassiana INRA 297, the non lethal threshold
of inoculum is very low (3 x 10% conidia per
cm?) and the effect of the inoculum dosage
mainly concerns the speed of the infection
Process.

Because fungal infection of insects depends
on both temperature and moisture (Ferron,
1978, 1985, Hall & Papierok, 1982) the bioas-
says reported in this paper have been carried
out under favourable conditions, 1. e. 25°C and
near-saturated air. In fact, B. bassiana INRA
297 remains highly pathogenic to Rhodnius
nyinphs at temperatures ranging from 15°C
to 30°C (Fargues & Romaifia, unpublished). Its
pathogenic activity at 93% R. H. does not differ
from that at 100% R. H., but at lower
R. H. levels, ranging from 89 to 64%, 1t
decreases significantly (although the fungus
is still able to provoke around 50% mortality
at 64% R. H.) (Fargues & Romaifia, unpub-
lished).

There are relatively few studies on the sus-
ceptibility of insect eggs to mycoses (Ferron,
1985). Fungi have been reported in association
with eggs, but most of them were not true
pathogens (Undeen & Nolan, 1977; Martin,
1977; Lynch & Lewis, 1978), Most bio-assays
conducted with the entomopathogenic hypho-
mycetes, B. bassiana, M. anisopliae or
Nomuraea rileyi showed only a low mortality
during the egg stage of their host species (Bajan
& Kmitowa, 1969; Lappa et al., 1972; Lappa
& Goral, 1974; Rodriguez-Rueda & Fargues,
1980; Riba et al., 1983; Poprawski et al., 1985),
However, several experiments carried out on
eggs demonstrated the ability of some isolates
of Paecilomyces fumosoreus or M. anisopliae
to penetrate the chorion and to kill the eggs of
their respective hosts, Mamesira brassicae
(Rodriguez-Rueda & Fargues, 1980} and
Ostrinia nubilalis (Riba et al., 1983). The high
susceptibility of R. prolixus eggs to B. bassiana
INRA 297 might be an interesting area of
investigation for biological control.
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According to the different larval stages, the
host susceptibility depends on the host species
and on the fungal isolate (Ferron, 1985). For
example, the susceptibility of Lepfinotarsa
decemlineata larvae to B. bassiana decreased
with age (Fargues, 1972). In contrast, Melo-
lontha melolontha white grubs were clearly
more susceptible to Beauveria brongniartii in
the oldest larval instar (Ferron, 1967). The
susceptibility of adults to mycoses has been
little studied (Ferron, 1985). On the one hand,
adults of M. melolontha, Acanthoscelides
obtectus or Oryctes rhinoceros were highly
susceptible to their specific hyphomycetous
isolates of B. brongniartii (Ferron, 1985), B.
bassiana (Ferron & Robert, 1975) and M.
anisopliae (Ferron et al., 1975). On the other
hand, adults of the Colorado beetle, .. decem-
lineata, appeared non susceptible to Beauveria

tsolates pathogenic to larvae (Bajan &
Kmitowa, 1969).

Thus, the differences in both time-mortal-
ity and dose-mortality responses found between
the different tested stages of R. prolixus dem-
onstrate that B. bassiana INRA 297, previ-
ously selected according to its aggressiveness
towards 1st-mnstar nymphs (Romafia & Fargues,
[987; Romaiia et al., 1987), 1s definitely a
good candidate for microbial control of this
vector in environments favourable to mycoses
(Ferron, 1985). Laboratory experiments are
carried out to investigate the infectivity of B.
bassiana against R. prolixus under different
microclimatic conditions and to estimate their
host range among the major vector species of
Triatominae. Field trials have been planned in
Venezuela and 1 Argentina against domestic
populations of R. prolixus and Triatoma infes-
tans, respectively. However this microbial
control method must be improved in the
peridomestic environment, since this particu-
lar biotope 1s considered the most critical point
in the control of Chagas’ disease vectors.
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