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INTRODUCTION
The Orthopoxvirus genus (family Poxviridae) includes viruses with huge differences in virulence for a human. Thus, variola (smallpox) virus species (VARV) is highly pathogenic for a man whereas vaccinia and cowpox viruses were actually used as a vaccine to protect humanity from smallpox (Marennikova, 1998). The mechanisms responsible for these differences in virulence of poxviruses are still unclear. 

Virus dissemination inside an organism is one of the principal pathogenetic events of any viral infection. The essential link of orthopoxviral infection is the formation of extracellular enveloped virus (EEV), which provides dissemination of the infection in the organism (Ichihashi, 1996, Morgan, 1976, Smith, 2002). The formation of EEVs was first detected in vaccinia virus infection. Some of progeny virions acquire an additional envelope derived from the Golgi membranes. These enveloped virus particles then utilize the cellular secretion pathway to leave infected cells. ...

MATERIALS AND METHODS
Viruses. CPXV EP-2 strain was isolated from a sick elephant in zoo in Germany, and identified virologically and genetically (Baxby, 1977). The virus for the present study was kindly provided by Prof. Marennikova. 

Variola virus strains India-3a (India-67) (variola major), Butler (alastrim) and Congo-9 (variola minor) from the Russian National Collection of SRC VB “Vector” were used in the study. 

Cell cultures. Vero, CV-1, L-68, and BHK-21 were received from SRC VB “Vector” cell culture museum and routinely propagated for virological work using RPMI medium supplemented with bovine serum and antibiotics. Vero and CV-1 cultures represented regular prolonged cells originated from monkey fibroblasts. BHK-21 prolonged cell culture originated from Syrian hamster fibroblasts. Cell culture L-68 represents human diploid fibroblast culture, certified for vaccines production in Russia. This culture was chosen for the study because it is more close to organism cells than routine prolonged cultures. 

Chick embryos were received from chicken plant in Koltsovo, Novosibirsk region. 

Infection. Cell cultures were infected in multiplicity of 0.1 – 1 PFU with both viruses and propagated at 37o C. Chick embryos were infected by CPXV and VARV to produce 5-10 single pocks on chorion-allantoic membrane. 

Sampling. Infected cell cultures were fixed in 4% paraformaldehyde for electron microscopy at 7, 9, 18, 24 and 48 h postinfection with VARV; and at 9, 18 and 24 h postinfection with CPXV. Single pocks were dissected and fixed for light and electron microscopy at 48 and 72 h postinfection. 

Microscope Sample Preparation. Samples were postfixed in 1% osmium tetraoxide, routinely processed and embedded in epon-araldit mixture. Ultrathin sections were examined in H-600 electron microscope (Hitachi, Japan). 

Morphometric analysis of VARV strains infection was performed on 20 randomly selected cells at 48 h postinfection. .... 

RESULTS AND DISCUSSIONS
Electron microscopic examination of infected cell cultures and cells of chick chorion-allantoic membrane revealed that morphologic parameters of assembly were identical for both CPXV and all VARV strains in all examined cells. Both viruses produced firstly spherical immature particles, which matured to oval or brick-shaped virions having characteristic biconcave nucleoid (Fig. 1). Structural pattern of assembly and maturation of CPXV and VARV did not differ from those described for other orthopoxviruses. 

Electron microscopic examination of infected cell cultures and chick embryos found the envelopment of both CPXV and VARV by Golgi membranes and formation of “enveloped” virus. Firstly Golgi vesicles surrounded a virus, and then these vesicles fused and formed a double-wall sack, which surrounded the viral particle (Fig. 2). Finally, the virion was enveloped by two membrane layers composed of Golgi-derived membranes. 

We evaluated the yields of VARV strains in different cell cultures by morphometric analysis and found the differences. Both mature and immature virions were counted in 20 sections of infected cells, and the average percentage of mature particles was determined per cell. The Congo-9 strain showed an ability to produce large amounts of mature particles in all examined cell cultures. The India-3a strain produced numerous mature virus particles in BHK-21 cell culture, while the Butler strain produced fewer mature particles in BHK-21 cell culture. In other cell cultures VARV mature particles production amounted to 73 – 85%. See Table 1. These data demonstrate that the different strains of VARV (with different human pathogenicity) reproduce differently in different cell cultures. However, we didn’t find the highest yield of the most pathogenic India-3a strain in human cells, as it could have been expected.  ...

CONCLUSIONS

Ability of cowpox virus EP-2 strain and variola virus strains (India-3a, Congo-9 and Butler) to produce extracellular enveloped virus (EEV) in cell cultures and cells of chick embryo chorion-allantoic membrane has been studied by electron microscopy. The cowpox virus produced very few EEV in all examined cellular types, but the variola virus (VARV) strains were able to produce incomparably higher amount of EEV. No direct relationship was found between the ability to produce EEV and virulence of VARV strains. Differences between cowpox and variola viruses in their ability to produce EEV correlate with the pathogenicity of these two viruses in human.        
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FIGURES AND TABLES
Figure 1. Electron microscopic image of variola virus India-3a strain representing typical spherical immature (left) and mature (right) poxvirus particles. Note characteristic spicules on the outer surface of immature virus. Mature virus shows nucleoid of characteristic shape.  Bar represents 100 nm.    
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Figure 2.  Electron microscopic image of formation of membrane envelope around VARV Congo-9 particle (left). Arrows show membrane sacks surrounding the virion. Complete enveloped virion of VARV India-3a strain is shown on right electron microscopic picture. Thin arrows show outer membrane of the envelope, thick arrow shows inner membrane of the envelope, short arrow shows mature virus envelope. Bar represents 100 nm.    
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Figure 3.  Electron microscopic image of activated Golgi complex and vesicular structures (enclosed in frame) in a cell of CV-1 culture infected with VARV India-3a strain. Arrows show mature virus particles.  Bar represents 200 nm. 
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Table 1. Yield of Variola Virus Mature Particles in Various Cell Cultures (percent mature virions). 
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* No difference in percent of mature virions between India-3a and Butler strains in CV-1 cell culture (p>0.05). 

** No difference in percent of mature virions between India-3a and Butler strains in L-68 cell culture (p>0.05). 

