
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

186,000 200M

TOP 1%154

6,900



28 

Detection of Poxvirus Using Transmission 
Electron Microscopy Techniques During 

Outbreak in Bay-Winged Cowbird 
 (Gnorimopsar Chopi) 

 M.H.B. Catroxo1, A.M.C.R.P.F. Martins1,  
S. Petrella2 and L. Milanelo3 

1 Biological Institute of São Paulo, São Paulo,SP, 
 2 Adolfo Lutz, Institute São Paulo, SP, 
 3Tietê Ecological Park, São Paulo, SP, 

 Brazil 

1. Introduction 

Gnorimopsar chopi is a bird with blackish plumage, smooth and silky look, found throughout 
the Brazilian territory, except in the Amazon State. It is one of the singing birds most wanted 
by illegal trade and is listed as endargered to extinction by the Brazilian Institute of 
Environment and Renewable Natural Resources (IBAMA). Avian pox or variola avium is a 
infectious disease of worldwide distribution, that infect poultry, pet and wild birds of many 
species which result in economic losses to the poultry industry and commercial aviaries 
(Trypathy et al., 2000; Weli & Tryland, 2011).  

Poxvirus infection has been considered one of important extinction factors for the 
endangered avian species in Hawaii and in North America (Friend & Franson, 1999; Smits et 
al., 2005; Kim & Tripathy, 2006). 

The etiologic agent is a member of the genus Avipoxvirus, Chordopoxvirinae subfamily, 
Poxviridae family (Van Riper & Forrester, 2007). The genome is linear, double-stranded DNA 
molecule rariying in size from 260 to 309 kpb and encodes 260 putative genes (Moss, 2007). 
Virus particles measure 270 x 450 nm and are composed of an electron dense, centrally 
located core and two lateral bodies that are visible in ultrathin sections. In negative stained 
preparations the membrane displays an outer coat composed of a random arranjement of 
tubules (Carter & Cheville, 1981). 

The disease is characterized by cutaneous or wet pox, diphteric or wet pox and septicemic 
forms. The cutaneous form is the most common in Passeriformes. In this form occurs the 
development of nodular proliferative skin lesions on the unfeathered parts of the body, legs, 
feet, face at the base of the beak and eyelids. In the diphtheric form, fibronecrotic lesions 
occur in the membranes of the upper respiratory tract and esophagus. Anorexia, letargy, 
ruffled plumage, respiratoty distress, sonnolence, cyanosis and death characterize 
septicemic poxvirus infections (Ritchie et al., 1994). 
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The virus may be mechanically transmited by insect vectors such as mosquitoes, mites or 

ticks, by direct contact with another infected bird, by contact with contamined food, water, 

semen or surfaces (Metz et al., 1985; Ritchie & Carter, 1995). 

The curse of the disease is influencied by strain, route of infection, and the species of bird 

(Ensley et al., 1978). 

The incubation period of Avipoxvirus is usually less than a week but may be up to 30 days. 

The morbidity rate during an outbreak may reach 100% (Ritchie et al., 1994). 

Non-specific stress factors are associated with viral reactivation (Ritchie et al., 1994). 

Transmission electron microscopy is a classic tool for the diagnosis of poxviruses, where the 
viral particles with characteristic morphology are present in large numbers in swabs, 
biopsies or dry crusts (OIE, 2008). This method has typically been used by national reference 
or research laboratories to identify avianpoxvirus (Weli et al., 2004). 

The aim of this study was to detect the presence of avianpoxvírus particles in samples of 

skin lesions of Gnorimopsar chopi using negative staining (rapid preparation)  

immunocytochemistry (immunolabeling with colloidal gold particles) and resin embedding 

techniques. 

2. Material and methods 

2.1 Description of the outbreak 

In the period of the 2005 to 2007, during illegal commercialization of Brazilian birds, 60 bay-

winged cowbird (Gnorimopsar chopi) were apprehended and being forwarded to the CRAS 

(Wild Animals Recovery Center,  Ecological Park of Tietê). After one or two months, 45 

birds presented cutaneous lesions in the feet. Some of them also had lesions on the beak and 

wings. The animals also been presented clinical signs of anorexia, emaciation, locomotion 

difficulties, diarrhea, dehydration and death. The birds were sent to the Electron 

Microscopy Laboratory of the Biology Institute of São Paulo to investigate viral agents. 

Scabs and fragments of skin lesions collected of these birds were processed for transmission 

electron microscopy utilizing negative staining (rapid preparation), resin embedding and 

immunocytochemistry techniques. 

2.2 Negative staining technique (rapid preparation)  

In the negative staining the scabs and fragments of skin lesions were suspended in phosphate 
buffer 0.1 M, pH 7.0. Drops of the obtained suspension were placed in contact with metallic 
copper grids with carbon stabilized supporting film of 0.5% collodium in amyl acetate. Next, 
the grids were drained with filter paper and negatively stained at 2% ammonium molybdate, 
pH 5.0 (Brenner & Horne, 1959; Hayat & Miller, 1990; Madeley, 1997). 

2.3 Resin embedding technique 

Thin slices of scabs and fragments of skin lesions were fixed in 2.5% glutaraldehyde in 0.1M, 
pH7.0 phosphate buffer and pos-fixed in 1% osmium tetroxide in the same buffer. After 
dehydration in cetonic series, the fragments were embedded in Spurr resin (González-
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Santander, 1969; Luft, 1961). Ultrathin sections were cut on the LKB ultratome and mounted 
on copper grids. The sections were stained by combination of uranyl acetate-lead citrate 
(Watson, 1958; Reinolds, 1963).  

2.4 Immunocytochemistry technique 

At the immunolabeling technique with colloidal gold particles for negative staining, the 
copper grids were placed in contact with viral suspension and, after removing excess with 
filter paper, the same were put on specific primary antibody drops. After successive 
washings in PBS drops, the grids were incubated in protein A drops in association with 10 
nm gold particles (secondary antibody). Grids were then contrasted at 2% ammonium 
molybdate, pH 5.0 (Knutton, 1995). Observations were made in a Philips EM 208 electron 
microscope, at 80 kV. 

3. Results 

Among the 45 analyzed animals, all of them (100%) presented in feet, and occasionally in 
beaks and wings, small yellowish-brown proliferative nodules or scabs of different sizes,  
characteristic of cutaneous form (fig. 1, arrow). 

 

Fig. 1. Nodular and crusted lesions on the feet of Gnorimopsar chopi (arrow). 

3.1 Negative staining technique (rapid preparation)  

On the transmission electron microscopy by the negative staining technique, two types of 
poxvirus particles were visualized in all the analyzed samples. the M form, with regular 
spaced thread-like ridges comprising the exposed surface (fig. 2, big arrow), measuring 280 
x 230 nm and the C form or stain-penetrated particle showing the dumbbell-shaped core 
(fig. 3, arrow)  measuring 360 x 330 nm. 

3.2 Resin embedding technique 

Using the resin embedding technique (positive staining) were visualized in the ultrathin 
sections, three types of intracytoplasmic inclusion bodies. The type A or Bollinger body (fig. 4), 
outlined by membrane, containing in its interior a great number of mature particles (fig. 4,  
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Fig. 2. Negatively stained avian poxvirus  particles  showing the M form, with regular 
spaced thread-like ridges comprising the exposed surface (arrow). Bar: 180 nm. 

 
 
 

 

Fig. 3. Negatively stained avian poxvirus particles showing the C form or stain-penetred 
particle reveling the dumbell-shaped core (arrow). Bar: 200 nm. 

arrow), measuring 200 x 300 nm, revealing the inner dumbbell-shaped core (fig. 5, big 

arrow), two lateral bodies (fig. 5 minor arrow) and an external envelope (fig. 5, blue arrow). 

In the type B electron dense inclusions bodies, viral particles budding of dense amorphous 

material were observed (figs. 6 and 7, arrow). Fibrillar inclusions constituted by groups of 

fibrils (fig. 8, arrow) were disposed in groups varying from 2 up to 7 and sometimes showed 

cross striations. 
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Fig. 4. Ultrathin sections of the scabs fragments showing type A or Bollinger 
intracytoplasmic inclusion bodies, containing mature particles (arrow). Bar: 1040 nm. 

 
 
 

 
 

Fig. 5. Ultrathin sections of the skin lesions fragments, showing mature particles with inner 
dumbell shaped core (big arrow), lateral bodies (minor arrow) and external envelope (blue 
arrow). Bar: 280 nm. 
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Fig. 6. Ultrathin sections of the scabs fragments reveling type B electron dense inclusions 
bodies with viral particles budding of dense amorphous material (arrow). Fig. 6 - Bar: 600 
nm. 

 

Fig. 7. Bar: 430 nm. 

3.3 Immunocytochemistry technique 

In the immunocytochemistry technique, the antigen-antibody interaction was strongly 

enhanced by the dense gold particles over the viruses (Fig. 9, arrow). 

4. Discussion 

In this paper the presence of nodular proliferative and crusted lesions, was observed in feet 

de 45 (100%) de 60 bay-winged cowbird (Gnorimopsar chopi) examined. Some of them also 

had lesions on the beak and wings. 
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Fig. 8. Ultrathin sections of the skin fragments revealing fibrillar inclusions constituted by 
groups of fibrils or lamelae (arrow). Bar: 320 nm. 

 

Fig. 9. In the immunocitoquemistry technique, the antigen-antibody interaction was strongly 
enhanced by the dense colloidal gold particles (arrow) over the avipoxvirus particles. Bar: 
130 nm. 

Lesions similar have been described in other birds (Goodpasture & Anderson, 1961; Trapp, 
1980; Van Riper et al., 2002; Catroxo et al., 2009). 

Lesions can interfere wich perching when occur on the feet or legs and frequently lead to 
development of secondary infections (Van Riper III & Forrester, 2007). 

Clinical signs of lack appetite, weight lost, difficulties of locomotion, diarrhea, dehidratation 
and death were observed in all birds of this study. This has been documented in similar 
occurrence of avianpox in other avian species (Mc Donald et al., 1981; Docherty et al., 1991; 
Ostrowski et al.., 1995; Gerlach et al., 1998; Kreuder et al., 1999; Catroxo et al., 2009).  
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By means of the negative staining technique, poxvirus particles were identified in 

suspension of skin fragments, as been seen in other cases (Tantawi et al., 1981; Terragino et 

al., 1981; Docherty et al.,1991; Allwright et al., 1994; Gulbahar et al., 2005; Kulich et al., 2008; 

Catroxo et al., 2009; Shivaprasad et al., 2009). 

In the present ultrastructural study, intracytoplasmic inclusions bodies of different types 

were found. The analysis of ultrathin sections of skin lesions showed the presence of type A 

or Bollinguer intracytoplasmic inclusion bodies, containing oval, mature or complete viral 

particles, measuring on the average, 330 x 260 nm, with an inner dumbell-shaped core. 

These morphological characteristics described by us were similar to those found in other 

birds species (Tripathy & Reed, 2003;  Smits et al., 2005; Beyut & Haligur, 2007; Kulich et al., 

2008; Saito et al., 2009; Shivaprasad et al., 2009; Catroxo et al., 2009). 

The observation of immature intracytoplasmic particles, budding of a dense amorphous 

material or type B inclusion body, agrees with findings of other authors (Purcell et al., 1972; 

Thiele et al., 1979, Sadosiv et al., 1985; Catroxo et al., 2009). 

We also observed fibrilar intracytoplasmic inclusions, constituted by groups of fibrils or 

lamellae, disposed in groups varying from 2 to 7, occasionally showing cross striations. 

These ultrastructural aspects were also reported by other authors in avipoxvirus studies 

(Catroxo et al., 2009). 

The avian poxvirus were intensely labeled by collodial gold, when we applied the 

immunocitoquemistry method, also used to detect these viruses in skin lesions in other 

passerines (Catroxo et al., 2009). 

All birds in our study were sudden death. During avipox outbreak , mortality can reach 80 

to 100% in canaries and other finches in contrast with lower mortality observed in chicken 

and turkey (Tripathy & Reed, 2003). 

The increased population of mosquitoes during the summer at the place of the outbreak 

probably contributed to the sudden onset of the outbreak. Other sucking insects such flea 

and mite are considered to be important vectors for the spread of avian poxvirus (Ritchie et 

al., 1994; Gustafson et al., 1997). 

Prevention and control measures, such vaccination, quarantine for new birds, control of 

arthropods, prevention and reduction of stress, cleaning and disinfecting of cages should be 

instituted to farms and zoos (Ritchie et al., 1994). 

It is very important to confirm the presence of the ethiological viral agent in the samples. 

Infection as other agents, such pappiloma virus, mites, flies and mycotoxins may produce 

like lesions in the skin (Trypathy & Reed, 2003). 

Our results obtained through the techniques mentioned in this study to detect avipoxvírus 

particles in these birds, allowed rapid preventive measures to control the disease, 

preventing spread to commercial breeder farms and aviaries with economic losses thus 

protecting and preserving these endangered species. 

To our knowledge, this is the first report of avian poxvirus infection in bay-winged cowbird 

(Gnorimopsar chopi). 
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