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Abstract 
Pebrine disease caused by Nosema mylittensis in tropical tasar silkworm, Antheraea mylitta D. is highly 
contagious and more prevalent due to its transovarial transmission and death of worms. Pebrine detection 
during mother moth examination in grainages is strenuous. Staining of pebrine for easy detection in tasar 
sericulture is largely unexplored. The aim of the present study was to identify suitable stains for easy 
identification of N. mylittensis spores during microscopic examination of mother moth. The stains which 
are used for staining and identification of pathogens in microbiological field and clinical laboratories 
were selected and used. Among sixteen stains used, six stains viz Wright stain, Nigrosin, Amido black, 
Bismark brown, Chromotrope-2R and Naphthalene blue black have shown the staining of N. mylittensis 
spores. However, Chromotrope-2R and Naphthalene blue black found more suitable because the spores 
took prominent red and blue colour respectively and easy to identify from cellular debris and other non 
pebrine artifacts. Other stains used have shown partial staining of N. mylittensis spores and the spores are 
very difficult to differentiate from debris and other artifacts in the smear. Hence, Chromotrope-2R and 
Naphthalene blue black may be used for staining and easy identification of N. mylittensis spores during 
mother moth examination. 
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1. Introduction 
Tropical tasar silk is produced by the larvae of Antheraea mylitta Drury. Being wild in nature 
and reared outdoor on the primary food plants like Terminalia tomentosa, T. arjuna and 
Shorea robusta larvae often suffer from various diseases causing heavy losses to the economy 
of the silk industry. Of the biotic constraints, virosis, pebrine, muscardine and bacteriosis are 
the commonly encountered diseases caused respectively by different pathogens Antheraea 
mylitta Cytoplasmic Polyhedrosis Virus (AmCPV), Nosema mylittensis (Microsporidia), 
Penicillium citrinum and Penicillium varioti (Fungus) and different types of bacteria. About 
25-30% crop loss is attributed due to Pebrine disease with occasional crop failure [1]. This 
disease is more violent due to its transovarial transmission causing vertical infection directly 
from parents to offspring and death of worms due to primary infection.  
Currently, abdominal portion of female mother moth is crushed with Potassium bicarbonate 
(K2CO3) or Potassium hydroxide (KOH) and examined under microscope at 600 x 
magnification for pebrine spore examination. The presence of fat globules, debris of body 
cells, other non pebrine artifacts in tissue sample make difficulty to identify the infective stage, 
i.e. spore during microscopic examination in grainages. Hence, the present investigation aims 
to identify suitable staining technique for easy identification of N. mylittensis spores during 
microscopic examination of mother moth.  
 
2. Materials and Methods 
2.1 Selection of chemicals for staining: Sixteen Different chemicals and stains used in 
different microbiology fields for identification of pathogens were selected and used for 
staining and identification of Nosema mylittensis spores (Table 1). All chemicals and stains 
were procured from Sigma Aldrich, Merck. The Chemical stains used are Congo Red 
(C32H22N6Na2O6S), Bromophenol Blue (C19H10Br4O5S), Methyl Red (C15H15N3O2), 
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2.2 Wright Stain (Mixture of eosine red and methylene blue), 
Malachite Green (C23H25Cl N2 (chloride)), Geimsa Stain, 
Thymol Blue (C27H30O5S), Naphthalene Blue Black 
(C22H14N6Na2O9S2), Bismark Brown (C18H18N8.2HCl), 
Amido Black (C2H14N6Na2O9S2), Potassium Permanganate 
(KMnO4), Methyl blue (C16H18Cl N3S), Leishman stain, 
Nigrosin stain, Chromotrope-2R (C16H10N2O8S2) and Crystal 
Violet. 

 
2.3 Preparation of chemicals solution and staining 
The chemicals in solid state were used as weight/volume and 
chemical in liquid state as volume/volume for preparation of 
stock solution. 2.0% stock solutions were prepared by 
dissolving 2.0g or 2.0 ml chemical in 100 ml double distilled 
water. Further the required concentrations (0.5 and 2.0%) of 
the solution of the particular chemical were prepared by serial 
dilution method from the stock solution. 

 
2.4 Mother moth examination 
The lower middle portion of the abdomen (4 to 7 segment) of 
pebrine infected moth was cut with the help of a scissors and 
homogenized with the help of mortar and pestle by adding 3-4 
drops K2CO3 (0.5%). A drop of the homogenate was placed 
on the clean glass slide, smeared in a thin layer, air dried and 
covered it with staining solution for 1 to 2 minutes and then 
washed gently in water for 5 seconds, dried and examined 
without cover glass using oil immersion under microscope 
using 1000X magnification. Entire experiment setup is 
replicated thrice and visual observations were documented.  
 
3. Results 
Among the fifteen stains used for staining of Nosema 
mylittensis spores, six stains were shortlisted (Wright stain, 
Nigrosin, Amido black, Bismark brown, Chromotrope-2R and 
Naphthalene blue black. The Wright stain at the higher 
concentration of 2.0% showed better staining to spores. 
Similarly, Nigrosin, Amid Black and Bismarck Brown at 
1.0% concentration showed promising results. Staining with 
Chromotope-2R and Naphthalene blue black at lower 
concentration of 0.5% have shown best results for staining 
and identification of N. mylittensis spores (Table 1 and Figure 

1). The pebrine spores takes red colour and blue colour 
prominently with the Chromotrope-2R and Naphthalene Blue 
black stains respectively. With these stains the pebrine spores 
can be easily identified from the other artifacts in the smear 
(Figure 1). 
 
4. Discussion 
During microscopic examination, identification of Nosema 
mylittensis spore in homogenate of mother moth without 
centrifugation, filtering and staining is very difficult due to 
the presence of fat globules, debris of body cells, other non 
pebrine artifacts in the tissue sample. Identification of pebrine 
spores during mother moth examination requires a simple 
staining method which can be utilized for easy identification 
of Nosema spores from other artifacts and contaminants.  
Methyl Red, Wright stain, Nigrosin, Amido black, Bismark 
brown and combination of potassium permanganate + crystal 
violet as suitable stains for the easy identification of pebrine 
spores in the presence of artefacts and contaminants during 
mother moth examination in tasar silkworm grainages [7]. In 
present study, though six stains viz. Wright stain, Nigrosin, 
Amido black, Bismark brown, Chromotrope-2R and 
Naphthalene blue black have shown the staining of Nosema 
spores but Chromotrope-2R and Naphthalene blue black 
found more suitable because the spores take red and blue 
colour prominently than background and easy to identify from 
other artifacts and contaminants. The present finding is 
supported by earlier workers who described Chromotrope -2R 
as a suitable stain for easy identification of microsporidia in 
clinical samples [2, 3]. Geimsa stain has not performed well for 
staining and identification of N. mylittensis spores in 
homogenate of tasar silk moth in our study. Similarly [4, 5], 
reported that the microsporidia are partially stained by 
Geimsa stain and the spores are very difficult to differentiate 
from debris and other artifacts in the smear. KMNO4 and 
Crystal violet have not shown promising results for staining 
and identification of spores in the present study. KMNO4 and 
Crystal violet have been reported suitable stains for N. 
bombysis spores [6]. This may be due to difference in spore 
wall protein structures in different spores of microsporidia. 

 
Table 1: Visual observation of Nosema mylittensis spores treated with different Stains 

 

S. N. Stains used Final Conc. (%) Observations on staining of spores 
1 Geimsa Stain 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
2 Congo Red 1.0 Spores stained but difficult to differentiate from debris and other artifacts 
3 Bromophenol Blue 1.5 Spores partially stained and difficult to differentiate from debris and other artifacts 
4 Methyl Red 1.5 Spores partially stained and difficult to differentiate from debris and other artifacts 
5 Wright Stain 2.0 Spores stained but difficult to differentiate from debris and other artifacts 
6 Malachite Green 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
7 Thymol Blue 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
8 Naphthalene Blue Black 0.5 Spores takes red colour prominently and easy to identify from cellular debris and other artifacts 
9 Bismark Brown 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
10 Amido Black 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
11 Potassium permanganate 2.0 Spores not stained 
12 Methyl blue 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
13 Leishman stain 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
14 Nigrosin 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
15 Chromotrope-2R 0.5 Spores takes red colour prominently and easy to identify from cellular debris and other artifacts 
16 KMNO4 and Crystal Voilet 1.0 Spores partially stained and difficult to differentiate from debris and other artifacts 
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Fig 1: Pebrine spores stained with Chromotrope-2R 
 

 
 

Fig 2: Pebrine spores stained with Naphthalene Blue Black 
 
5. Conclusion  
We conclude from the present study that Chromotrope-2R and 
Naphthalene blue black were found as suitable stains that can 
be used for the easy identification of pebrine spores in the 
presence of artefacts and other contaminants during tasar silk 
mother moth examination. 
 
6. Significance statement 
This study has demonstrated that Chromotrope-2R and 
Naphthalene blue black are the stains which made easy 
identification of Nosema mylittensis spore from cellular debris 
and other artifacts during mother moth examination. 
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