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Summary

Taenia saginata, is a cestode with zoonotic potentially.
The objective of this work was to evaluate the ovicide
activity (type 3 effect) of the fungus, Paecilomyces lilaci-
nus (PL1), on the eggs of Taenia saginata, in vitro. The
eggs were inverted in Petri dishes containing PL1, or in
Petri dishes without the fungus (control). After 5, 10, or 15
days, we extracted approximately 100 eggs for evaluation
and for classifying the ovicide activity. At the end of the
15 days of interaction, a significant difference (p < 0.05)
due to the ovicide activity of PL1, was noted in relation to
the control group, with a medium percentage (type 3
effect) at 24.6 %. These results show that the fungus,
P.lilacinus (PL1), destroyed the eggs of T. saginata,
suggesting its biological control potential of the eggs of
this cestode.

Keywords: Nematophagous fungus; Paecilomyces lilaci-
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Introduction

According to Carvalho et al. (2010), helminthic infections
pose a public health problem, within the same context, the
taeniasis-cysticercosis complex affecting around 45 million
people worldwide with Brazil being in focus, being the
world largest beef producer (Lateef et al., 2007). The life
cycle of T. saginata involves two hosts: one definite (man)
in the small intestines and the other being intermediate
(cattle) (Acha & Szifre, 1986). Three phases referring to its
metamorphosis are known: the first being the adult found
in man, the environmental phase (that is the infective eggs
found in the soil) and larvae found in the intermediate host

(Acha & Szifre, 1986). Various strategies are employed in
combating the taeniasis-cysticercosis complex, though the
main being interrupting the parasites’ biological evolution
cycle (Organizacion Panamericana de La Salud, 1994). In
this context, it means using nematophagic fungi controlling
biologically infective eggs in the soil, thus controlling the
development, permanence and subsequently their destruc-
tion (Carvalho et al., 2010; Frassy et al., 2010). Nemato-
phagic fungi could be predators, endoparasites or ovicidic
in relation to the eggs of Taenia saginata. Note that they
naturally reside in the soil, as well as various decomposing
matter (Braga ef al., 2010). On the other hand, fungal para-
sites with saprophytic characteristics are easily cultivable
in the laboratory and commercially employed, due to the
fact that they colonize the egg contents leading to their
destruction. In controlling various genera of gastro-intesti-
nal helminthic parasites, ovicide fungi like Paecilomyces
lilacinus and Pochonia chlamydosporia have been used
both in lab as well as out-door environments with success
(Braga et al., 2010; Singh et al., 2010). Contrasting
though, little literature has highlighted the importance of P.
lilacinus in controlling geo-helminthes’ eggs, principally
those of 7. saginata, a potential zoonotic cestode (Car-
valho et al., 2010).

This work evaluates the ovicide capacities (type 3 effect)
of the fungus Paecilomyces lilacinus (PL1) on the eggs of
Taenia saginata in laboratory conditions.

Materials and Methods

Fungus
We employed an isolate of the nematophagic fungus Pae-
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cilomyces lilacinus (PL1). This species is a native of Bra-
zil, within the locality of Vigosa, in the state of Minas
Gerais latitude 20°45°20”S, longitude 42°52°40” W, at 649
m altitude. The fungus was maintained in test tubes con-
taining a corn-meal-agar 2 % solution at 4° C, kept in the
dark, lasting 10 days. After the growth of our isolate, we
transferred cultured disks measuring 4.0 mm diameter to
Petri dishes measuring 9.0 cm diameter and containing 20
mL of water-agar- 2 % solution staying at this condition
for a further 10 days.

Obtaining the eggs of Taenia saginata and the experi-
mental model

The eggs of T. saginata were derived from the proglottis
section of an adult sample, voluntarily handed over by a
patient with taeniasis diagnosis. On following, they were
analyzed microscopically (light microscope at objective
10X, Urquhart et al., 1998) checking on their integrity and
viability. Consequently, approved eggs were washed 10
times in centrifuged distilled water (1000 X g), each round
lasting 5 minutes with the supernatant discarded each time.
For 14 days, we incubated the eggs at 25° C in a solution
consisting of Phormol 0.05 %, added to 0.005 % Strepto-
mycine Sulphate and Chloraphenicol 0.01 %, as described
by Carvalho et al., (2010).

The eggs of T. saginata were verted over a Petri dish, 9.0 cm
diameter, containing 2 % WA with the fungi isolates grown
10 days and in another setup without the fungal sample
(control) but containing only 2 % WA, each procedure
repeated 25 times. In the end, each dish had a total of 1000
eggs. During the 5, 10 and the 15 day interval, we fished
out approximately 100 eggs from each dish as des-cribed
(Braga et al., 2010). Next, we evaluated our samples as
established by Lysek e al. (1982): type 1 (physiological
effect with no significant change noted on the egg-shell,
despite the hyphi adhering to the respective shell), type 2
(lytic effect where morphological alterations on the egg-
shell and the embryo are present, without the hyphi
penetrating the shell) and type 3 (lytic effect accompanied
with morphological changes on the egg-shell and the em-
bryo, hyphal penetration and interior egg-colonization is
present. Data derived at each interval was studied and
submitted for analysis to non-paired Friedman-test with 5 %
probability. Our data analysis was auxiliated with Biostat
3.0 software (Ayres et al., 2003).

Results and Discussion

The results of each procedural effect by P. lilacinus (PL1)
on the eggs of T. saginata are presented according to each
respective interval (5, 10 and 15 day-interval) in percent-
age form - Table 1. Statistical analysis revealed a signifi-
cant difference (p < 0.05) at each interval, with reference
to the ovicide activity of PL1 on the eggs of T. saginata in
the control group; thus, proving its ovicide potential. When
comparing one studied treated group to another during the
5, 10 and 15 day-interval, no significant change was noted
(p < 0.01): fact that the ovicide activity was on course
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during the first day of observation (5" day). The type 3
effect (characterized by the destruction of the eggs) due to
the effect of P. lilacinus (PL1) over the three intervals
were respectively: 23.8 % (5th day), 25.4 % (10th day) and
24.8 % (15" day). Besides, observation under a light
microscope 40X, proved the ovicide activity (type 3) of P.
lilacinus over the eggs of T. saginata.

According to Braga et al. (2010), the principle effect of an
ovicide fungus is the type 3 role in course of infestation.
This characteristic was manifested by the isolate of PL1 on
the eggs of T. saginata, suggesting that its biological use
for controlling taenia proliferation and infection is promi-
sing. Note that type 1 and type 2 effects demonstrated by
data do not classify PL1 as ovicide. This agrees with lit-
erature reporting that the aforementioned effects, though
not proving ovicide, do contribute to biological control due
to their viability-reducing capacities (Aratjo et al., 2009).
This fact has been earlier noted in other protocol-models
involving genera Duddingtonia, and Monacrosporium and
their effect on gastrointestinal infesting helminthic para-
sites (Silva et al., 2010, Carvalho et al., 2010). Little
literature address on the importance of biological methods
of controlling cestode infections and proliferation, which
could otherwise help in evading future natural reinfection
episodes. Braga et al. (2008), demonstrated that P. lilaci-
nus posted a significant efficiency index (p < 0.01) in vitro
on the eggs of Moniezia spp., a cestode in relation to a
control model set up, thus characterizing it as ovicidal
(27.0 %, of type 3 effect at the end of study). The results
reported by the authors are in line with those posted in our
present work.

No fungi species distinct themselves due their ovicide
nature more than P. lilacinus and P. chlamydosporia
(Braga et al., 2010). Araujo et al. (2009) reported that P.
chlamydosporia (VC1 e VC4) samples destroyed eggs of
T. saginata in vitro at the end of 15 days. When comparing
to the efficiency of P. lilacinus in our work, it can be noted
that: (1) in relation to type 1 effect, both did not post sig-
nificant difference (p > 0.05). (2) in relation to type 2 ef-
fect, PL1-isolate posted a significant difference (p < 0.05)
in comparison to VC4-isolate in all observed day-intervals,
with greater efficacy. On the other hand, there was no
significant difference noted (p > 0.05) between PL1-isolate
and VCl-isolate. (3) in relation to type 3 effect, PL1-iso-
late posted a significant difference (p < 0.05) when com-
pared to the VCl-isolate at the end of the 15 days of fungi-
egg interaction. When compared to the VC4-isolate, PL1
showed a statistical difference (p < 0.05) in the course of
the 15 days under study (type 3 effect).

The inference aforementioned show that P. lilacinus is a
promissing cestode biological controller, in line with what
other authors referred to biological cestode control by P.
lilacinus (Braga et al., 2008). On the other hand, this fun-
gus is efficient in destroying the eggs of nematodes (Braga
et al., 2010). Eggs of T. saginata are resistant to envi-
ronment adverse condition, conventional sewerage treat-
ment besides remaining viable up to 12 months due to the
fact them having a hard shell protective later, embryophore
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Table 1. Percentage and standard deviation values of the ovicide activity (type 1, 2 and 3) of the nematophagic fungus Paecilomyces lilacinus
(PL1) in relation to the control group (without the fungus) on the eggs of T. saginata during the day 5, 10 and day 15-intervals
of fungus-egg interaction.

Groups § Effect at S (Eys _
Effect Type 1 Effect Type 2 Effect Type 3

Paecilomyces lilacinus 24.8%+10.8 26.5%+9.5 23.8%+11.8
Control 0B+ 0 0%+ 0 0%+0
Groups Effect at 10 days

Paecilomyces lilacinus 24.2%+ 7.8 25578 25.4%+ 8.1
Control 0°+0 0°+0 0°+0
Groups Effect at 15 days

Paecilomyces lilacinus 253%+11.2 29.0"+ 8.7 24.8%£ 8.0
Control 05+ 0 05+0 05+0

Percentages followed by same letter in the same column are not significantly different (P>0.01) — Friedman test.
Physiological, biochemical effect without morphological damage to eggshell, with hyphae adhered to the shell
**Lytic effect with morphological alteration of embryo and eggshell, without hyphal penetration through the eggshell.
***Lytic effect with morphological alteration of embryo and eggshell, besides hyphal penetration and internal colonization

(Urquhart et al., 1998). This provokes a need of using
alternative ways of combating its environmental prolife-
ration and subsequent human-animal infection, in this case
biological means using ovicidal fungi with potential of
propagating in fecal matter-conditions (Araujo et al.,
2009). However the mechanism of ovicide fungal egg shell
penetration is yet to be totally elucidated. But it is be-
lieved that physical, mechanical followed by enzymatic
activity are some of the components involving egg coloni-
zation and penetration (Carvalho et al., 2010). In his recent
work, Singh et al. (2010) mentions that biological and anti-
helminthes ways could be employed in controlling animal
infestation with success during the raring course. In this
work, the efficacy of the fungus P. lilacinus (PL1) in de-
stroying the eggs of T. saginata in vitro, was noted sug-
gesting that it as a biological tool in controlling egg-proli-
feration of this cestode is justified.

Acknowledgements

The authors would like to thank CAPES, FAPEMIG,
CNPq and FINEP Pro-equipment for the financial support.

References

ACHA, P., SZIFRES, B. (1986): Zoonosis Y Enfermedades
Transmisibles Comunes Al Hombre Y A Los Animales.
2" Edition, Washington: OPS/OMS, 989p.

ARAUJO, J. M., ARAUJO, J. V., BRAGA, F. R., CARVALHO,
R. O, SiLvA, A. R., CAMPOS, A. K. (2009): Interaction and
ovicidal activity of nematophagous fungus Pochonia
chlamydosporia on Taenia saginata eggs. Experiment.

Parasitol., 121(4): 338 — 341. DOI: 10.1016/j.exppara.
2008.12.011

AYRES, M., AYRES, J. R. M., AYRES, D. L., SANTOS, A. S.
(2003): Aplicagoes estatisticas nas areas de ciéncias
biologicas. Belém: Sociedade civil mamiraua, Brasilia
CNPq, 290 pp.

BRAGA, F. R ; ARAUJO, J. V ; MILANI, J. A ; CARVALHO, R.
O ; SILVA, A. R ; Campros, A. K ; TAVELA, A. O. (2008):
Ovicidal activity of Paecilomyces lilacinus on Moniezia
sp. eggs. J. Helmint., 10: 241 — 243. DOI: 10.1017/S00221
49X08977488

BRAGA, F. R., FERREIRA, S. R., ARAUJO, J. V., ARAUJIO, J.
M., SiLvA, A. R., CARVALHO, R. O., CAMPOS, A. K.,
FREITAS, L. G. (2010): Predatory activity of Pochonia
chlamydosporia fungus on Toxocara (syn. Neoascaris)
vitulorum eggs. Trop. Anim. Health Prod., 42(2): 309 —
314. DOI: 10.1007/s11250-009-9422-8

CARVALHO, R. O., ARAUJO, J. V., BRAGA, F. R., ARAUJO, J.
M., ALVES, C. D. F. (2010): Ovicidal Activity of Pochonia
chlamydosporia and Paecilomyces lilacinus on Toxocara
canis eggs. Vet. Parasitol., 169(1 — 2): 123 — 127. DOI:
10.1016/j.vetpar.2009.12.037

FrAsSsy, L. N., BRAGA, F. R., SILVA, A. R., ARAUJO, J. V.,
FERREIRA, S. R., FREITAS, L. G. (2010): Destrui¢do de ovos
de Toxocara canis pelo fungo nematoéfago Pochonia chla-
mydosporia. Rev. Soc. Bras. Med. Trop., 43(1): 102 — 104,
DOI: 10.1590/S0037-86822010000100024

LATEEF, M., ZAGAR, S. A., KHAN, A. R., NAZIR, M.,
SHOUKAT, A. (2007): Successful treatment of niclosamide
and praziquantel-resistant beef tapeworm infection with
nitazoxanide. Int. J. Infect. Dis., 12(1): 80 — 82. DOI:
10.1016/.ijid.2007.04.017

191

Brought to you by | Universidade Federal de Vigosa UFV
Authenticated
Download Date | 2/6/18 2:34 PM



LYSEK, H., FASSATIOVA, O., PINEDA, N. C., HERNANDEZ,
N. L. (1982): Ovicidal fungi in soils of Cuba. Folia Para-
sitol., 29(3): 265 — 270

OPS - Organizacion Panamericana de La Salud: Epidemi-
ologia y control de la teniasis/cisticercosis en America
Latina: (1994), Washington

Silva, A. R., Araujo, J. V., Braga, F. R., Alves, C. D. F.,
Frassy, L. N. (2010): In vitro ovicidal activity of the ne-
matophagous fungi Duddingtonia flagrans, Monacrospo-
rium thaumasium and Pochonia chlamydosporia on Tri-
churis vulpis eggs. Vet. Par., 172(1 —2): 76 — 79.

DOI: 10. 1016/j.vetpar.2010.04.034

RECEIVED SEPTEMBER 17, 2009

192

SINGH, R. K., SANYAL, P. K., PATEL, N. K., SARKAR, A.R.,
SANTRA, A. K., PAL, S., MANDAL, S. C. (2010): Fungus-
benzimidazole interactions: a prerequisite to deploying
egg-parasitic fungi Paecilomyces lilacinus and Verticillium
chlamydosporium as biocontrol agents against fascioliasis
and amphistomiasis in ruminant livestock. J. Helminthol.,
84(3): 123-131. DOI: 10.1017/S0022149X09990344
URQUHART, G. M., ARMOUR, J., DUNCAN, J. L., DUNN, A.
M., JENNINGS. F. W. (1998): Veterinary Parasitology. 3™
Edition, Blackwell Science, London, UK, 307 pp.

ACCEPTED MAY 4, 2010

Brought to you by | Universidade Federal de Vigosa UFV
Authenticated
Download Date | 2/6/18 2:34 PM




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


