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Recent Discoveries with Smallpox and Vaccinia
Vaccinia virus is a member of the virus family Poxviridae, which was amongst the first group of viruses that were extensively studied by scientists, laying the basis for modern virology.  Smallpox, another member of the family has been amongst the greatest plagues of history.  Historically, smallpox killed approximately three to four percent of the population that caught smallpox, which was nearly everyone.  In 1796, Jenner discovered the concept of vaccination by inoculating a young boy with a weak related strain of the virus (in that case pseudo-cowpox) before exposing the boy to actual smallpox.  While a variety similar poxviruses were used in early vaccination production from the 19th century, eventually another type of cowpox, vaccinia, became the new standard.  Through widespread use of the vaccine, mortality rates fell to 0.09%.  Vaccinia, the prototype virus of the genus Orthopoxvirus, has been used extensively as a vaccine (hence its name) since 1876 in the smallpox eradication campaign and is the virus always used when the “live virus” vaccine is employed (Binns and Smith 1992).  By 1980, smallpox had successfully been eliminated from all but a few laboratory stores of the strain.  Recent concerns over bioterrorism has brought these stores to public concern, especially the possibility that a terrorist group could have possession of the strain and successfully reintroduce it into the general populace.

An understanding of the potential uses of vaccinia requires an understanding of the molecular biology of the virus.  The origin of the virus remains unknown, although it 
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is thought to be derived from a mutated form of cowpox.  Recent studies has shown that orthopox viruses such as vaccinia and smallpox have evolved rapidly in gene acquisition compared to similar viruses, indicating that they have coevolved with the proliferating human population (McLysaght et al. 2003).  Vaccinia itself is characterized by a large enveloped virion with a linear double-stranded DNA genome of approximately 200 kb pairs.  The virion also contains enzymes for mRNA synthesis (Westwood 1964). The genome is thought to consist of approximately 200 different genes (Belle Isle 1981).  The genome is characterized by terminal loops to link together the two strand of DNA, short variable repeats near the ends of the DNA, and a highly conserved central region.  The genes are very efficiently packed to account for the gene/kb ratio.  One useful characteristic of vaccinia is that its genome has great size flexibility, and up to 25kb of foreign DNA can be inserted without ill affect (Smith 1983).  Cell entry is extremely complicated and over 30 envelope proteins have been identified that are involved in the receptor binding reaction (Oie 1981).  Unlike most other DNA viruses, the pox viruses synthesize their mRNA in the cytoplasm of the cell.  This unique transcription system that prohibits interaction with most other viruses has been very important in the use of vaccinia as an expression vector.  The terminal hairpins are used to replicate the ends of the genome during DNA replication and after recombination, the virus follows the pattern of other viruses in virus assembly and release.  Vaccinia has been known to induce hyperplasia and tumor responses in the skin (the bumps from chickenpox or smallpox) due to a protein called VGF (viral growth factor) that is very similar to the protein TGFα
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 (transforming growth factor α) to help spread the virus (Blomquist 1984).  Finally, Vaccinia has been shown to  

While this campaign has been hugely successful, leading to the eradication of smallpox, questions remain as to the lasting biological effect this vaccination campaign has produced.  Questions have also arisen over smallpox, the first virus that humanity has the ability to eradicate, and what to do with remaining stocks of this virus.  Furthermore, the widespread use and understanding of vaccinia virus could show many biological useful roles for vaccinia beyond smallpox eradication.  It is known that vaccinia, like other poxviruses has many defenses against the immune system, from its ability to block the presentation of peptides to T cells, down-regulate antibodies, and block the function of interferon. The ease of production, safety, and intricacies of its interaction with the immune system make vaccinia virus an ideal virus for use in laboratory to explore how viruses work and even how the immune system itself works in its defenses.  In the years since the eradication of smallpox vaccinia has been used successfully as a live vaccine for other pathogens, as an expression vector to study antibody recognition and has even been used in therapy of cancer.  The degree of research with vaccinia is too vast to be succinctly stated in a single paper, let alone a book, so instead a few recent studies that use vaccinia will be analyzed, especially the role that vaccinia plays in the research methods.  Also, one study that suggests a link between smallpox and a HIV resistance gene could indicate that smallpox still has interesting biological lessons as it awaits its extinction.
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One of the one most important studies in everyday relevance may lie in recent findings that B cell memory of smallpox after vaccination with vaccinia may be far longer lasting than ever earlier thought.  Researchers at Emory University discovered that B cell memory towards smallpox can last greater than 50 years in individuals immunized towards smallpox while they were young (Crotty 2003).  Their laboratory method confirms earlier epidemiological studies that showed smallpox resistance lasts long after vaccination.  This serves as good news to the generations that were vaccinated against smallpox, because in case of an outbreak, there is minimal chance that many will need booster shots as is common with many other types of vaccines.  The B cells serve as the memory cells that will produce antibodies toward an antigen long after the initial exposure.  The exact length of time they serve as effective safeguards against reinfection is unknown, especially from the perspective of a general decline in the immune system as a patient ages after the first few months of life. Using a new human B cell assay that they developed, ELISA, and ELISPOT, they were able to determine the vaccina specific B cell count. ELISA and ELISPOT are various methods of cytokine detection, with ELISPOT showing greater sensistivity.  They discovered that the vaccinia pecific B cell count in vaccinees lasted far longer than most predictions using ELISPOT.  They indicate a relationship that produces exponential decay, then constant levels of B cells- 20 years after vacccination.  They state, which seems very reasonable that B cell levels stay relatively constant from the 20 – 60 years post-vaccination.  However, it is clear that vaccinia specific B cell count is fairly substantial long after vaccination.
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  They then studied the anti-smallpox antibody count in the serum with ELISA to check for differences, they found that similarly the antibody count remained quite high, long after vaccination.  




(Crotty 2003)

    To further corroborate their data, they studied the cells in vivo by checking antibody levels of vaccinees long after vaccination when they received a booster shot.  These individuals were then compared against the newly vaccinated group for antibody response against a specific protein in vaccinia, HT3.  The data showed that those that had been vaccinated in the distant path had a strong antibody response against the protein.  The booster shot did significantly increase the response however, which supports the exponential decay aspect of the earlier graph.  The data from T cell response was less rosy, in that while the B cell count may remain constant, the memory T cell count declines continuously with a half life of 14 years.  By measuring the interferon response, 
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they found using a regression method that after approximately 54 years, the T cell response to vaccinia is negligible.  This is still far better than many scientists had guessed previously.




(Crotty 2003)

One of the most common uses of vaccinia in clinical settings is as a tool for fighting cancer by enhancing the immune response towards specific tumor- associated antigens (TAAs).  The basic idea of the plan is to infect the patient with vaccinia virus, so that the immune system recognizes the virus and also the genes it carries, producing an immune response to both, hopefully producing an improved immune response to the cancer casing element.  This type of therapy has been shown effective in many cases, as 
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in vulval and vaginal intraepithelial neoplasia (uncontrolled cell growth) due to human papilloma virus (Baldwin 2003).  The advantage of using vaccinia virus is that there is no risk of virus recombination with cellular DNA, because the entire process of transcription and replication is driven in the cytosol (Latime 1999).  Another advantage is that these effects are found whether or not the patient had been vaccinated before for smallpox.  The cells are successfully infected/ transfected whether or not the patient is immune to vaccinia due to smallpox vaccination.  This vastly expands the potential group of patients that can use this therapy.  The general process of this requires inserting the gene of interest into a plasmid.  The plasmid is introduced into the virus and selected and plaque purified.  In this case, the genes of interest were the E6 and E7 open reading frames of HPV-16 and HPV-18.  Not all cancers are nearly as conveniently targeted, in that most other cancers may be due to unknown or complex gene alterations that would be very difficult to diagnose.  Only a few cancers, such as cervical cancer are due to viruses, where there is a fairly safe chance that the immune system response will be effective.  Lung cancer due to cigarette smoke can often be due to a wide variety of mutations that will be next to impossible to know what immune responses are involved, especially  when the cancer is due to a certain interaction of multiple mutations.  The genes inserted in the vaginal neoplasia study were also altered so that the modified E7 gene would not bind to Rb protein or produce any carcinogenic activity.  These genes were specifically chosen to elicit the greatest immune response.  After vaccination most all the patients showed a reduction in tumor diameter.  More quantifiable data than tumor diameter can be found in the changes of the antibody and T-cell response of the patients.  While the 
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patients predictably had an increased immune response to the vaccinia after vaccination, most all (6 of 8) also had an increased T-cell response to the HPV as well.  Furthermore, this T-cell response seemed to have a positive correlation with the response to the vaccinia.  Thus the immune response to the vaccinia also jumpstarted the immune response to the HPV.  





(Baldwin 2003)
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It is an interesting method to fool the body into improving its immune response to a problem it deals with ineffectively otherwise.  Furthermore, another study has found that a variant form of vaccinia can be just as effective as the normal strain (Hodge 2003).  Using a replication defective version of vaccinia, called vaccinia virus Ankara, researchers were able to achieve comparable results in anti-tumor ability by using carcinoembryonic antigen (CEA) as the insert gene in mice.  This indicates that people who are contraindicated to vaccinia such as those with skin disorders, pregnant mothers, and weak immune systems, can still use this therapy.  This further widens the possible patient group for such a therapy.  It seems remarkable that this weakened version of smallpox has been used to defeat not only smallpox, but is also a valuable tool in fighting cancer.

In a month that continues to be good towards smallpox, there is yet another discovery that might show a path towards an HIV vaccine, although it is based on a different method of smallpox resistance than vaccinia.  This is largely a population genetics study, so the virology in the study is limited, though very interesting.  Various studies have shown that there is a recessive gene CCR5 – Δ32 that confers resistance against HIV (Dean 1996).  The resistance is conferred in that the receptor does not occur on the surface of the cell.  Like many recessive genes, it has a greatly diminished effect in the heterozygous state, by slowing the progression of the disease.  It has long been assumed that the bubonic plague or some other regional specific plague to Europe must be responsible, because only these type events would have the acute selection pressure 
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and geographical specificity necessary to bring about emergence of such a locus (Galvani 2003).  The spread of the gene and its genetics suggest it is approximately 700 years old 

 (Stephens 1998), although another studies has estimated an age of 1400 years (Libert 1998).  Nevertheless, it is an extremely recent gene, further corroborating the plague theory.  Recently researchers have studied the feasibility of this theory and compared it to the prospect of smallpox exerting the selection pressure to bring about the emergence of such a gene.  They did not study the specific interactions of the receptor with smallpox and bubonic plague though that would certainly be difficult to accomplish.  Essentially they studied if a small continuous selection or acute selection at discrete periods would most likely produce such a locus.  Also the crucial aspect of how smallpox largely killed children, while the plague affected all people equally.  According to their models, the plague would not have nearly enough selection pressure to produce such a gene even if it was dominant.  Only smallpox would have the pressure required to produce such a gene, as it has had a far longer period to act.  This strengthens the argument for the older date of the emergence of the gene.  In a twisted logic, smallpox-related deaths from the past have saved lives today from HIV, and may have the definitive cure for HIV.  This is based on many assumptions such as smallpox being the greatest selector of all viruses, and historical data of plague and smallpox deaths are accurate.  Yet if true, scientists may be able to study this gene at a molecular level, and perhaps its interactions with vaccinia towards a cure for HIV/ AIDS.


It is ironic that long after eradication, smallpox has gifted researchers with many answers to B cell persistence, therapeutic options for cancer, and other tantalizing clues.
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