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ABSTRACT.  We evaluated which of the fixatives and stains most frequently used for observation of insect 
tissues were the most appropriate for histopathological visualization of entomopathogenic fungal infections 
with Leptolegnia chapmanii in larvae of Aedes aegypti. The best contrast between the host tissues and the 
fungal structures was obtained when using a combination of Carnoy fixative with Grocott staining contras-
ted with light green. Masson trichromic stain combined with 10 % formaldehyde–phosphate buffer also pro-
vided satisfactory results – a good contrast and clearly distinguishable host tissues and fungal structures.    

References about histological techniques for insect tissues are scarce; they focus particularly on the 
evaluation of the most accurate methods to observe infections caused by entomopathogenic fungi (McCau-
ley et al. 1968; López Lastra 1988; Allen et al. 1990). Some data were reported on the way of action of 
entomopathogenic fungi (Vey and Fargues 1977; Nnakumusana 1986; Lord and Fukuda 1988; Weiser et al. 
2003).  

The goal of our study was to evaluate the best fixatives and stains to be used in histopathological 
sections of mosquitoes infected with the fungus Leptolegnia chapmanii, comparing host larval tissues trea-
ted with the fungus with control (nontreated) insect tissues.  

MATERIAL  AND  METHODS 

We used the fungus L. chapmanii SEYMOUR (Oomycetes: Saprolegniales) isolated from Aedes albi-
fasciatus (MACQUART) (Diptera: Culicidae) larvae (López Lastra et al. 1999). The fungal isolate was depo-
sited at the CEPAVE (Centro de Estudios Parasitológicos y de Vectores, La Plata, Argentina) fungal culture 
collection, and in the Entomopathogenic Fungal Culture Collection at the US Department of Agriculture 
(USDA)–Agricultural Research Service (ARS) (ARSEF; Ithaca, USA) registered under the access no. CEP 
010 and ARSEF 5499, respectively. The fungal culture was maintained in routine Emerson YPSS agar medium 
(Difco) at 22 °C for 7 d. Inoculum was prepared by culturing mycelial cubes in agar medium (5 mm each). 
In order to induce zoosporulation, mycelial squares containing hyphae were placed on 90 × 15 mm Petri 
dishes with 20 mL sterile distilled water for 3 d in darkness at 22 °C. The presence of zoospores was con-
firmed by observation in an optical microscope; they were quantified in a hemocytometer (Neubauer cham-
ber), revealing a concentration of 105 zoospores per mL. One mL of this zoospore suspension was added to 
99 mL distilled water in a 250-mL plastic container. After 1, 2 and 3 d, three treated larvae and three con-
trols were taken out and fixed in either Carnoy, Bouin or 10 % formaldehyde–phosphate buffer for 1 d. After-
wards, they were embedded in Paraplast® and sliced into 6 μm sections by a manual microtome. These sections 
were stained using 4 different colorations: hematoxylin–eosin, Masson trichromic (with light green) stain, per-
iodic acid–Schiff reaction (PAS)–hematoxylin and Grocott methenamine silver stain (with light green) (Fer-
ron et al. 1966); 3 replicates of each stain were performed. All microscopic slides with histological sections 
were deposited at the CEPAVE collection, under access numbers 1876a, 1876b, 1876c, 1878a, 1879a, 1879b, 
1879c and 1885a. Slide preparations were observed in the CH 30 optical Olympus microscope; images were 
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recorded with the SC 35 (Type 12) Olympus camera fitted to the microscope, using a 35 mm Ilford black-
and-white film (ISO 400).  

RESULTS  AND  DISCUSSION 

Hematoxylin–eosin stain combined with fixation in 10 % formaldehyde buffer allowed the distinc-
tion of insect host tissues (Fig. 1A) from fungal structures (hyphae and/or zoospores) (Fig. 1B–D); it was 
visible up to 3 d after infection, although by this time the host tissues in infected insects were mostly lyzed 
and completely invaded by fungal hyphae. Therefore, the optimum observation time was considered to be 1 d. 
However, this stain was not optimal for obtaining the desired differential contrast.  

 

 
 
Fig. 1.  A: Transverse section of Aedes aegypti larvae control fixed in 10 % formaldehyde–phosphate buffer and stained with hemato-
xylin–eosin. B: Transverse section of A. aegypti larvae infected with Leptolegnia chapmanii. C, D: Detail of transverse section of 
A. aegypti larvae (treated) showing L. chapmanii zoospores (z). E: Transverse section of A. aegypti larvae (control) fixed in 10 % 
formaldehyde–phosphate buffer and stained with Masson trichromic. F: Transversal section of A. aegypti larvae infected with L. chap-
manii. G, H: Detail of transverse section of A. aegypti larvae (treated) showing L. chapmanii zoospores. I: Transverse section of 
A. aegypti larvae (control) fixed in 10 % formaldehyde–phosphate buffer and stained with periodic acid–Schiff reaction and hemato-
xylin. J: Transverse section of A. aegypti larvae infected with L. chapmanii. K, L: Detail of transverse section of A. aegypti larvae (trea-
ted) showing L. chapmanii zoospores. M: Transverse section of A. aegypti larvae (control) fixed in Carnoy and stained with Grocott. 
N: Transverse section of A. aegypti larvae infected with L. chapmanii. O, P: Detail of transverse section of A. aegypti larvae (treated) 
showing L. chapmanii hyphae (h). Scale bars correspond to 100 Pm. 

 
When using Masson trichromic staining with light green, good contrast was achieved in 1 d with 

10 % phosphate buffer as fixative (Fig. 1E–H). Nevertheless, when Carnoy fixative was applied, sufficient 
contrast and coloration intensity were also observed.  
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PAS and PAS plus hematoxylin stain was not so intense nor differentiating when compared with 
the other stains tested. Formaldehyde–phosphate buffer (10 %) proved to be the best fixative for PAS, and 
the best results were seen after 1 d (Figs 1I–1L). According to Goettel (1988), PAS stain for mosquito lar-
vae infected with Tolypocladium cylindrosporum yielded sufficient results for histological sections; how-
ever, we have not been able to replicate these results. Nnakumusana (1986) reported that mosquito larvae 
invaded by Leptolegnia sp., using 5 % formaldehyde–0.95 % NaCl solution as fixative and stained with 
hematoxylin–eosin for larval transverse sections showed fungal zoospores attached and encysted on the cu-
ticle, and in the gut epithelium, and hyphal penetration into a fat tissue starting 1 d and completed 2 d after 
fungal invasion/infection. 

As to entomopathogenic fungi producing fungal toxins the action of tolypines and cyclosporines 
was reported by Weiser and Ma"ha (1988a,b) and Ma"ha et al. (1992). Using transmission electron micro-
scopy they showed histological and cellular alterations caused by the entomopathogenic fungus Tolypocla-
dium sp. in mosquito larvae which demonstrated that the affected tissues were midgut, connective and 
muscle with mithochondrial and nuclear disintegration and vacuolization of cells. We could not observe the 
same symptoms because L. chapmanii does not produce any toxins. 

Grocott stain with light green undoubtedly provided the best results for control and fungal treated 
(Fig. 1M–P) samples; the best, it was combined with Carnoy fixative since when using phosphate buffer as 
fixative, the host tissues were observed to be softer and disintegrated. Fungal hyphae were grey to black in 
contrast to the reddish coloration of host muscle whereas digestive epithelium and epidermis turned brown. 
We consider this staining to be the best among all those tested since by using it a sharp contrast was achie-
ved. Similarly to our data, Ferron et al. (1966) reported good results with Grocott staining for Melolontha 
melolontha (L.) (Coleoptera: Scarabeidae) infected with the fungus Beauveria tenella (SACC.) MACLEOD.  

REFERENCES 

ALLEE L.L., GOETTEL M.S., GOL’BERG A., WHITNEY H.S., ROBERTS D.W.: Infection by Beauveria bassiana of Leptinotarsa decem-
lineata larvae as a consequence of fecal contamination of the integument following per os inoculation. Mycopathologia 111, 
17–24 (1990).  

FERRON P., HUGER A.M., MÜLLER-KOGLER E.: Sur la coloration histologique contrastée des hyphes chez les insects atteints de mycose. 
Entomol.Exp.Applic. 9, 433–443 (1966). 

GOETTEL M.: Pathogenesis of the hyphomycete Tolypocladium cylindrosporum in the mosquito Aedes aegypti. J.Invertebr.Pathol. 51, 
259–274 (1988). 

LÓPEZ LASTRA C.C.: Nuevas especies de insectos hospedadores para el hongo Beauveria bassiana (BALS) VUILL. (Deuteromyco-
tina: Hyphomycetes) en Argentina y consideraciones sobre su patogenia. Rev.Fac.Agric.UNLP 64, 42–46 (1988). 

LÓPEZ LASTRA C.C., STECIOW M.M., GARCÍA J.J.: Registro más austral del hongo Leptolegnia chapmanii (Oomycetes: Saprolegniales), 
como patógeno de larvas de mosquitos (Diptera: Culicidae). Rev.Iberoam.Micol. 16, 143–145 (1999). 

LORD J., FUKUDA T.: An ultrastructural study of the invasion of Culex quinquefasciatus larvae by Leptolegnia chapmanii (Oomy-
cetes: Saprolegniales). Mycopathologia 104, 67–73 (1988). 

MA!HA V., JEGOROV A., WEISER J., PILLAI J.S.: Ultrastructural changes in Culex pipiens larvae treated with tolypin the insecticidal 
metabolite of Tolypocladium inflatum GAMS (Deuteromycetes). Cytobios 69, 179–186 (1992). 

MC CAULEY V.J.E., ZACHARUK R.Y., TINLINE R.D.: Histopathology of green muscardine in larvae of four species of Elateridae 
(Coleoptera). J.Invertebr.Pathol. 12, 444–459 (1968). 

NAKUMUSANA E.S.: Histopathological studies on the progress of infection of Leptolegnia chapmanii sp. (SC-1) in Anopheles gambiae 
larvae exposed to zoospores in the laboratory. Curr.Sci. 55, 633–636 (1986). 

VEY A., FARGUES J.: Histological and ultrastructural studies of Beauveria bassiana infection in Leptinotarsa decemlineata larvae 
during ecdysis. J.Invertebr.Pathol. 30, 207–215 (1977). 

WEISER J., MA!HA V.: The insecticidal activity of cyclosporines on mosquito larvae. J.Invertebr.Pathol. 51, 92–93 (1988a). 
WEISER J., MA!HA V.: Tolypin, a new insecticidal metabolite of the fungi of the genus Tolypocladium. J.Invertebr.Pathol. 51, 94–96 

(1988b). 
WEISER J., WEGENSTEINER R., HÄNDEL U., ŽIŽKA Z.: Infections with the ascomycete fungus Metschnikowia typographi sp.nov. 

in the bark beetles Ips typographus and Ips amitinus (Coleoptera, Scolytidae). Folia Microbiol. 48, 611–618 (2003). 
 


