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Smallpox: Gone but Not Forgotten 

Summary: Smallpox represents both the acme of man's efforts to combat infectious diseas- 
es and one of his greatest fears. The disease emerged in prehistoric times to spread through- 
out the world causing blindness and death in millions of people. An acute infection caused 
by variola virus, one of  the Orthopoxviruses, with skin eruption and marked toxemia had 
an average case fatality rate of 30%. Variola minor, a milder form of the disease, had a case 
fatality of  one percent. Humans are the sole host, and survival confers lifelong immuni~.  
Immunization was practiced since ancient times by inoculation with the variola virus until 
Jenner's demonstration of the efficacy and sa fe~  of vaccination with vaccinia virus. Follow- 
ing an intensive eradication effort by the World Health Organization, the world was de- 
clared to be free of  smallpox in 1979. The decision to destroy all remaining stocks of  vario- 
la virus in 1999 has met with some controversy. 

Introduction 

The story of smallpox (variola) is remarkable in several re- 
spects. An ancient disease antedating the dawn of civiliza- 
tion, smallpox caused the death of millions of people on 
.every, continent with the exceptton of Antarctica. Small- 
pox has killed more people than any other infectious dis- 
ease. The course of history has been altered on numerous 
occasions by the fatal infection of rulers in every civiliza- 
tion and by the decimation of many indigenous peoples. 
Smallpox is the only disease that has been totally eliminat- 
ed from the earth by human efforts, and yet its reemer- 
gence continues to be feared. 

History 

It has been speculated that smallpox evolved soon after 
humans began living together in agricultural settlements 
in Africa or Asia some time after 10,000 B.C. The emer- 
gence of a pathogen in ancient times probably required a 
population large enough to.sustain host-to-host transfer, 
crowded living conditions, and the domestication of ani- 
mals [t]. Newly domesticated animals lived in close prox- 
imity to early humans and the variola virus may have grad- 
ually adapted to man from one of the relatively harmless 
Orthopoxviruses of domestic animals [2]. Alternatively, 
smallpox might have originated from contact with wild an- 
imals, possibly rodents. 
A recent outbreak of monkeypox in Zaire has suggested 
that person-to-person spread accounted for most of the 
cases in children while animal-to-human transmission ac- 
counted for sporadic cases of the disease in adults [31 . 
Prior to this outbreak, monkeypox was believed to be an 
uncommon infection in children having contact with mon- 
keys [2]. The DNA of the monkeypox virus has been se- 
que, nced and compared to that of variola and vaccinia, and 
there is no evidence that monkeypox is the direct ancestor 
of either variola or vaccinia [4]. 
Poxviruses carry genes that probably determine their rep- 
lication in different hosts. Exchange of such host tropism 

genes might alter their host spectrum [5]. In 1991 an im- 
munocompetent  man was infected by a previously un- 
known Orthopoxvirus transmitted by a cat [6]. 
Smallpox epidemics were favored by dry c{imatic condi- 
tions and were influenced by the migration of populations 
resulting from famine and hardship [7]. 
Smallpox became established in the dense populations of 
the Nile valiev. Three mummies from the 18th and 20th 
Dynasties (1570-i085 B.C.) showed definite signs of 
smallpox. One of these mummies was that of Pharaoh 
Ramses V who died in 1157 B.C. [8]. In 1350 B.C. the Hit- 
tites suffered from a plague that could have been small- 
pox, introduced by Egyptian invaders. 
Smallpox was present in India for over 2,000 years.-The 
disease is mentioned in ancient Sanskrit writings about 100 
B.C. and may be recounted in a description as early as 1500 
B.C. The disease could have reached India bv caravans or 
by sea. Shitala, a goddess of smallpox was worshipped in 
the hopes of surviving or avoiding the illness [2, 9]. 
The Plague of Athens described by Thucydides may have 
been smallpox. The epidemic is said to have originated in 
Ethiopia and spread to Egypt and Libya before entering 
Athens via Piraeus in 430 B.C. and then spreading to Per- 
sia. Another  epidemic that could have been smallpox ar- 
rived from Libya and affected Carthaginian soldiers from 
North Africa besieging Syracuse in 395 B.C. Smallpox may 
have passed to the Huns and other tribes in Central Asia 
from the Persians or from India. Smallpox was introduced 
into China in 48-49 AD, spread to Korea in 583 and to Ja- 
pan in 585 [2, 9]. 
Smallpox was probably first introduced into Europe from 
North Africa. The Plague of Antonius appeared in the Ro- 
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1789 and again in 1829 smallpox was introduced into Aus- 
tralia. 
Just before the close of the 19th century variola minor ap- 
peared in Florida and South Africa; from Florida it spread 
~wer the entire USA, Canada, South America and to 
Great Britain. By the mid 20th century, variola mim3r 
along with variola major were widely spread throughout 
Africa. Vanola minor was often misdiagnosed as chicken- 
pox or impetigo, and remained the predominant type of 
smallpox until the disease was eliminated from the USA 
and Canada in the 1940s [9]. 

Figure 1: Dendrogram illustrating the similarities and differenc- 
es between the DNAs of some orthopoxviruses. Reprinted with 
permission of the World Health Organization. 

man army fighting in Mesopotamia in 164. Returning sol- 
diers brought the disease from Persia to Syria and then to 
Italy. The Huns invaded France in 451 and reintroduced 
the disease to Europe. In 580-8l a smallpox epidemic 
spread across southern France and northern Italy. Small- 
pox appeared in Alexandria in 622 and was carried by in- 
vading Arab armies into Spain, Portugal. and France. The 
disease was reintroduced during the Crusades. NorTnan in- 
vaders brought smallpox to England and Ireland. By the 
end of the [2th century smallpox was well established in 
most of Europe. An epidemic in Paris in 1438 killed 50,000 
inhabitants [2]. 
The term "variola'" was first used in 580 by Bishop Mari- 
us. The French called smallpox "la petite verole" to distin- 
guish it from syphilis, "la gross verole". In English, "pox" 
became "smallpox" and syphilis became known as the 
"great-pox" [10]. 
During the t6th century periodic epidemics of smallpox 
killed up to 30% of those infected and the disease was an 
important cause of morbidity and mortality in Europe, Af- 
rica, southwest Asia, China and India. In 1589 there was a 
smallpox epidemic in eastern Africa and the disease soon 
appeared in the western coastal ports of that continent. 
The Yorubas of West Africa worshipped Shapona, a god 
of smallpox [2, 9]. 
Smallpox entered the New World in 1507 when it was in- 
troduced into Hispaniola. From there it was brought to 
Yucatan in 1520 by the African slave of a Spanish conquis- 
tador. Epidemics followed in Mexico, Guatemala, Peru 
and Brazil resulting in the death of millions of natives in 
those countries and contributed to the demise of the Inca, 
Aztec, and Maya civilizations. In Brazil and other parts of 
Latin America tile smallpox gods Omolu or Obaluaye 
were venerated. 
The 17th century saw pandemics of smallpox sweeping 
over Europe and the Near East. The disease became es- 
tablished in Russia, and large areas of Siberia were devas- 
tated by the sickness. By the mid 18th century smallpox 
was a major endemic disease everywhere in the world. In 

Clinical Features 

Detailed clinical descriptions of smallpox are no longer 
found in many current textbooks of medicine and infec- 
tious disease. The following descriptions will be presented 
in the past tense. There were two distinct clinical varieties 
of smallpox: variola major and variola minor also known 
as alastrim. Variola minor differed significantly from var- 
iota major in severity and case fatality rates. 

Epidemiology 

Infection occurred from the inhalation of aerosols direct- 
ly from an infected individual, or indirectly from fomites 
heavily contaminated with respiratory secretions or ulcer- 
ated pustules or scabs. The incubation period ranged from 
7 to 19 days, usually 10 to 14 days. Infectivity was maxi- 
mum during the first week of the rash. During epidemics 
all ages were susceptible: when the disease was endemic. 
mainly children were affected [9]. 

Clinical 

The onset was acute, with fever, malaise, headache and 
backache. This toxemic phase lasted 4 to 5 days. The char- 
acteristic rash appeared on day 3 or 4, first on the buccal 
and pharyngeal mucosa, the face, forearms and body. A 
number of clinical types that included confluent, semieon- 
fluent, discrete, flat and hemorrhagic rashes have been de- 
scribed for variola major and minor. Lesions were also 
found on the tongue, larynx and upper esophagus. Within 
a day or two the rash spread to the trunk and lower limbs. 
The rash started as macules which soon became papules 
and then vesicles that quickly became opaque and pustu- 
far. About 8 or 9 days after the onset of the rash the pus- 
tules became umbilicated and dried up, becoming crusted 
by 14 to 16 days. By the end of the third week most crusts 
had separated except on the palms and soles. The case fa- 
tality rate was about 20% overall, very high (40%) in in- 
fants, lowest in children (5 % ), and then rising with increas- 
ing age to more than 40%. 
With variola minor the case fatality rate was about 1%. 
Constitutional symptoms were much less severe, toxemia 
was rare. and individual skin lesions were smaller and 
crusted on day 6 or 7 of the rash [9]. 
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Pathogenesis 

The initial lodgment of the virus was usuaIIy the upper or 
lower respirato W tract. By about the third day ~ter  infec- 
tion, virus-infected macrophages would have entered the 
lymphatics, reached the regional lymph nodes and then 
the bloodstream. Small hemorrhages often occurred in the 
heart, liver, and endothelial ceils throughout the body. In 
the hemorrhagic form of the disease hemorrhages also oc- 
curred in the pericardium, pleura, peritoneum, lungs, kid- 
neys, uterus, bladder and the bone marrow. During the vi- 
remic phase, cell-associated virions iocal~ed in small ves- 
sels of the dermis. Infected macrophages migrated from 
these vessels into the epidermis where they infected near- 
by cells of the basal layer. Edema and necrosis followed 
with splitting of the dermis. Later there was migration of 
cells into the lumen of the developing vesicle which ren- 
dered its contents pustular. Eventually fluid was absorbed 
from the pustule and the contents dried up with the forma- 
tion of a scab. Pockmarks, most severe on the face, were 
caused by the destruction of sebaceous glands followed by 
shrinking of granulation tissue [11]. 

Laboratory Diagnosis 

Electron microscopy of negatively stained crusts and vesi- 
cle fluid was widely used diagnostically [12-15]. In labo- 
ratories that did not have an electron microscope available 
for rapid diagnosis, a slide get precipitation method was 
developed and recommended by the WHO [t6]. The var- 
iola virus produced characteristic pocks on the chorioal- 
lantoic membrane of chick embryos [17]. and most human 
and non-human primate cultured cells were susceptible to 
infection with variola virus. A PCR test has been devel- 
oped for the identification of smallpox and other Ortho- 
poxviruses [18]. 

Immune Response 

Neutralizing antibodies appeared from day 6 of illness and  
persisted, falling to low levels by the 5th year after infec- 
tion. The humoral response of IgM and IgG may be elicit- 
ed by inactive virions or viral antigens and by both envel- 
oped and non-enveloped infectious virions. The cellular 
response, both cytotoxic and delayed hypersensitivity may 
also be evoked either by inactive antigen or by cell surface 
membranes altered by viral infection [9]. 

Treatment 

There is no effective treatment for smallpox. Red treat- 
ment or erythrotherapy was practiced in many countries 
from ancient times to 19.30. The patient was either dressed 
in red clothes, placed within a red room or exposed to red 
light in the hope of ameliorating the disease. Various stud- 
ies demonstrated the treatment to be useless. Chemother- 
apy with thiosemicarb~ones and cytosine arabinoside 
have also been tested and found to be without significant 
effect [9]. 

Tile Virus 

faxonotT~v 

Variola virus is a member of the family Poxviridae. sub- 
family Chordopoxvirinae. genus Orthopoxvirus. Humans 
are the only natural hosts of variola virus. Other Orthopox- 
viruses that can cause disease in humans are monkeypox, 
vaccinia, and cowpox [tl]. Quantitative analysis of DNA 
sequences of Orthopoxviruses have revealed four major 
groupings; namely cowpox, ectromelia, monkeypox, and a 
cluster which includes variola, camelpox, taterapox and 
vaccinia viruses [19]. The relationship of these viruses is 
shown in Figure 1. 

Characteristics 

Virions are large and brick-shaped, 220-450 nm long x 
140-260 nm wide and thick. There is an external envelope 
derived from the host cell containing virus-specific pro- 
teins, a complex coat of regular spiral filaments 10-20 nm 
in diameter, an internal biconcave core that contains the 
genome DNA and protein organized in a nucleoprotein 
complex, and one or two lateral bodies. The virion 
buoyant density is 1.16 g/cm 3 in sucrose, and 1.25 ~cm 3 in 
CsCl [91. 
The genome consists of a singe molecule of linear, cova- 
lently closed, double-stranded DNA of 130-300 kbp [20]. 
The ends of the genome consist of a terminal hairpin loop 
with several tandem repeat sequences. The ends of the ge- 
nome form direct repeats called inverted terminal repeats. 
The genome contains about 200 genes. Most of the essen- 
tial genes 'are located in the central part of the genome. 
The genomes of several strains of variola major and vari- 
ota minor have been sequenced and analyzed [21-25]. 
Most of the data on DNA mapping involved the use of the 
restriction endonuclease Hind tlI [26 I. 

Replication 

The reproductive events of poxviruses include virus entry, 
regulated gene expression, replication of DNA. virion as- 
sembly, and virus dissemination. Most of the studies have 
been with vaccinia virus. Poxviruses probably enter cells 
via pH-independent fusion with the plasma membrane. 
Following release into the cytoplasm the virus undergoes 
uncoating, initiates transcription and produces functional 
mRNA within minutes after infection. DNA replication 
occurs in the cytoplasm within hours after infection, facil- 
itated by thymidine kinase and ribonucleotide reductasc. 
Virion assembly begins in an area of cytoplasm apart from 
cell membranes and, after maturation, moves to the cell 
periphery where virions may become enveloped by addi- 
tional membranes. The double-layered virus membrane 
fuses with the plasma membrane and becomes external- 
ized as an extracellular form [20]. 
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Efforts at Immunization 

l/ariolation 

Two observations in ancient times led to early attempts at 
immunization. It was noted that pockmarked persons nev- 
er caught smallpox, and that individuals accidentally in- 
fected with smallpox by a scratch on the skin suffered a 
much less severe form of the disease. This knowledge led 
to the practice of inoculation with smallpox pus or scabs 
known as variolation [9]. 
Variolation was first reported in China in the 10th centu- 
ry and was probably also practiced in India at that time. 
The Chinese method of inoculation was by intranasal in- 
sufflation of powdered scab material, which led to a gen- 
eralized rash and intense constitutional symptoms. In In- 
dia cutaneous inoculation was employed which resulted in 
a severe local lesion and constitutional symptoms. From 
India the practice spread to countries in southwestern 
Asia, to Africa, and into central Europe  via the Balkans. 
For reasons that are not well understood, the disease was 
usually much milder than "'natural" smallpox with case fa- 
tality rates of 1% to 2% instead of 20% to 30%. The main 
disadvantage of variolation was that contacts with mild 
cases of inoculation smallpox could give rise to severe and 
fatal cases. 
Variolation had been practiced as folk medicine in Eng- 
land and parts of Europe  since the latter part of the 17th 
century. Lady Mary Worrley Montague learned of variola- 
tion in Constantinople and had her daughter inoculated in 
London in 1721 by Dr. Charles Maitland, surgeon to the 
British Embassy. Maitland next variolated six Newgate 
prisoners, and when this was successful, he was able to per- 
suade the royal family to have their children inoculated. 
The practice came into fashion among the aristocracy, 
stimulated interest in variolation and set the stage for 
Jenner's vaccination [27]. 
In America. Cotton Mather learned of variolation from his 
African slaves and introduced the practice to colonial Bos- 
ton [28]. Variolation was instituted in Boston and Phila- 
delphia in 1730, in New York the following year, and in 
Charleston in 1738, Benjamin Franklin lost his 4-year-old 
son to smallpox and bitterly r e v e r t e d  he had not had the 
boy inoculated [2]. 

Vaccination 

On 14 May 1796 Edward Jenner, an English physician, in- 
oculated young James Phipps with cowpox lymph taken 
from a sore on the hand of Sara Nebnes, a milkmaid who 
had recently been infected. The child developed a mild re- 
action 1 week later. On 1 July Jenner inoculated the boy 
with pus taken from a patient who had smallpox, and the 
boy remalned well. In early I778 Jenner" inoculated five 
more children and challenged three of them with small- 
pox. In June of that year he published a pamphlet  describ- 
ing his experiments [29]. Within 3 years of its publication 

in London,  the pamphlet was translated into Dutch, 
French, German,  Italian, Latin and Spanish. The first clin- 
ical trials were carried out in London under the supervi- 
sion of William Wovdville at the St. Pancras Smallpox 
Hospital [301. Jennerian vaccination superseded variola- 
tion and was adopted much more rapidly in Europe than 
variolation had been. and the procedure spread rapidly 
around the world [31]. By 1801 more than 100,000 persons 
had been vaccinated in England [32]. 
In 1803 Charlex IV of Spain ordered the delivery of vac- 
cine to Spanish colonies in Latin America. The transport 
of the vaccine was accomplished by the successive arm-to- 
arm transfer of the cowpox virus in twenty-two young or- 
phan boys during the voyage [2, 30]. Jenner's vaccine was 
maintained by arm-to-arm passage during the first half of 
the 19th century [33]. The drawback of arm-to-arm vacci- 
nation was its safety: other diseases such as erysipelas, 
hepatitis and syphilis were sometimes transmitted by this 
method. Inactive vaccine contaminated with bacteria of- 
ten left scars similar to those produced by cowpox. The 
problem of disease transfer by arm-to-arm vaccination 
was solved by Dr. Negir of Naples who passed vaccine ma- 
terial from cow to cow and then inoculated people from 
the infected cattle [32]. A question that persists to this day 
is the exact nature of Jenner's vaccine and its origin. 
Vaccination was introduced in the USA in 1800 by Dr. 
Benjamin Waterhot~se. Waterhouse vaccinated his own 
children with vaccine he received from Jenner. The U.S. 
Army was vaccinated just before the War of 1812. Small- 
pox was present in the South before the Civil War and bad 
vaccine caused 5,000 troops to be unfit for duty because of 
the severe reaction. Lincoln caught smallpox, probably 
from his son Tad [2]. 
The effects of variolation and vaccination became appar- 
ent after 1800. The endemic load fell progressively and ep- 
idemics were reduced in amplitude [7]. As more and more 
people were vaccinated, the mortality of smallpox de- 
clined and remained at relatively low levels for the first 
few decades of the 19th century. In 1881 Pasteur attended 
an international medical conference in London and open- 
ly acknowledged his indebtedness to Edward Jenner. Vac- 
cination was made compulsory in England in 1885 [2]. A 
smallpox outbreak in New York City in 1947 was aborted 
by the vaccination of more than six million persons [9]. 
During the 20 years following 1950, there were 49 out- 
breaks of smallpox in Western Europe  by visiting foreign- 
ers or returning nationals. Most of the outbreaks were due 
to spread of the disease in hospitals, and the majority of 
deaths occurred among medical personnel and elderly pa- 
tients [34]. 

WHO Program to Eradicate Smallpox 

The concept of eradication of smallpox was originally con- 
ceived by Jenner in 1801, and was based upon three prin- 
ciples: that smallpox is a specifically human disease with 
no animal reservoir: that the infected person either dies or 
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recovers with lifelong immunity; and there exists a very ef- 
fective vaccine [35]. 
In 1950 the Pan American Health Organization (PAHO) 
initiated a program for smallpox eradication throughout 
the Americas, using the strategy of mass vaccination. 
Within 8 years smallpox transmission was interrupted in 
the Caribbean, Central America and some South Ameri- 
can countries. The success of this program encouraged Dr. 
K M. Zhdanov, Vice-Minister of Health of the USSR, to 
propose to the i ith World Health Assembly the principle 
of global smallpox eradication, This policy was adopted in 
1959. 
It was determined that appro.vimately 200 million doses of 
vaccine would be required each year. Many different 
strains of virus were used for vaccine production. Some of 
these had a common ancestry but others were found to be 
a mLxture of vaccinia and cowpox viruses. Eventually the 
vaccine was improved and the technique of vaccination 
was standardized [9]. 
In 1965 Benjamin A. Rubin invented the bifurcated needle 
that improved the transfer of a constant amount of vaccine 
from the vial to the skin [36]. 
The mass immunization strategy proved ineffective in 
many instances. Virus transmission continued and small- 
pox persisted even when 80% of the population was inoc- 
ulated [33]. 
In 1967 the global smallpox eradication program was in- 
tensified with a goaI of complete eradication within 10 
years. An alternative surveillance-containment strategy 
proposed by Dr. William H. Foege in t967 was substituted 
for mass immunization, This strategy, based upon an effec- 
tive reporting system and intensive containment vaccina- 
tion in areas reporting smallpox, proved to be highly effec- 
tive even if no more than 50% of the population was vac- 
cinated [37]. The Foege strategy eliminated the necessity 
of mass vaccination and preserved the supply of vaccine. 
Despite numerous ethnic, religious and political challeng- 
es, the program was successful, and the last naturally oc- 
curring case of smallpox (variola minor) was in Somalia in 
October 1977. Certification that a country was free of 
smallpox required that at least 2 years had to elapse after 
the last case was detected, and the surveillance system had 
to be adequate for the detection of cases throughout the 
country [33], 
On 26 October 1979 the Director-General of the WHO 
declared that smallpox had been eradicated from the en- 
tire world and that the disease could now be consigned to 
history [9]. The eradication of smallpox cost approximate- 
ly USD$313 million over 10 years, an investment which 
has been paid back man?" times over since then in savings 
in vaccines and medical care and the suspension of inter- 
national smweillance activities [38], 
Routine vaccination of children in the USA was discontin- 
ued in 1971 with the recognition that the risks of vaccina- 
tion complications (encephalitis, eczema) exceeded the es- 
sentially zero risk of acquiring smallpox, The vaccine was 
taken off the commercial market for civilian use in 1983. 

In 1980 the WHO recommended that smallpox vaccina- 
tion should be discontinued in every count W except for in- 
vestigators at great risk. tt was also recommended that 200 
million doses of freeze-dried vaccine and seed lots of vac- 
cinia virus (strain Lister Elstree) be maintained by WHO 
[9], 

Concerns over Reemergence of Smallpox 

Persistence of Variola Virus in Nature 

Corpses of smallpox victims in Siberia earlier this centuEv 
were buried in shallow graves in the permafrost where 
they have been well preserved, Concerns have been raised 
over the possible persistence of variola virus in these bod- 
ies. The Russians have described the recovery of smallpox 
victims from the permafrost but were not able to recover 
viable virus. Several studies have indicated that even un- 
der conditions of low temperature and humidity, variola 
virus did not survive for more than a few days or weeks. It 
was concluded that the ultimate preservation context 
would be permafrost and that short of excavation of small- 
pox victims in or close to an Arctic setting, there was little 
chance for reintroduction of smallpox [39]. 
Some primates, (Rhesus monkeys, chimpanzees, and 
orangutans) are susceptible to experimental infection with 
variola virus, but there is no evidence that an animal res- 
ervoir of variota virus exists [9]. 

Laboratory Accidents 

In 1973 the accidental infection of a laboratory worker in 
London led to four cases of smallpox, two of which were 
fatal. The WHO recommended in 1977 that laboratory 
safety measures be modified. A medical photographer 
working near a virology laboratory in Birmingham, Eng- 
land in 1978 contracted a fatal case of smallpox and infect- 
ed her mother [9, 40]. 

Biological Warfare and Bioterrorisrn 

The concept of utilizing smallpox as a weapon is not new. 
In 1763 Sir Jeffrey Amherst, commander-in-chief of Brit- 
ish forces in North America. suggested creating a smallpox 
epidemic among the aboriginals and is said to have or- 
dered his troops to distribute smallpox-contaminated 
blankets to the Iroquois [2, 9]. In 1970 the WHO and the 
United Nations included variola virus among 20 infective 
agents that could be used in biological warfare [6, 41], 
Concern has been expressed in the press that scientists 
may be manipulating variota virus by genetic engineering 
methods to create potential agents for warfare [42], and 
that the virus has moved into the international market 
[43]. Work on vaccinia virus has demonstrated the feasibil- 
ity of genetic engineering of poxviruses [44] and the risks 
of utilizing such viruses as vaccines has been discussed [5]. 
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C o n t r o v e r s i e s  o v e r  the  F a t e  o f  the  V irus  

G l o b a l  effor ts  since 1976 have been  m a d e  to res t r ic t  all re- 
m a i n i n g  var io la  virus s tocks  to l a b o r a t o r i e s  c apab l e  of  pro-  
v id ino  a d e q u a t e  c o n t a i n m e n t  faci l i t ies  and  secure  s torage .  
S ince  the  end  of  1983. all k n o w n  s m a l l p o x  virus s tocks 
have  been  s to red  at two de s igna t ed  W H O  repos i to r i e s ;  the 
C e n t e r s  for  Disease  Cont ro l  and  P reven t i on  in A t l a n t a .  
G A ,  and  the Ins t i tu te  for  Vira l  P r e p a r a t i o n s  in Moscow.  
Seve ra l  years  l a te r  the Russ ian  au tho r i t i e s  m o v e d  the vi- 
rus to the  m o r e  secure  Russ ian  S ta te  R e s e a r c h  Cen t r e  of  
V i ro logy  and  B io t echno logy ,  Kol t sovo ,  Novos ib i r sk  Re-  
gion.  
In  S e p t e m b e r  1994 the W H O  A d  H o c  C o m m i t t e e  on  Or-  

t h o p o x v i m t s  In fec t ion  u n a n i m o u s l y  a g r e e d  that  the po ten-  
t ia l  cos ts  to h u m a n i t y  f rom bio logica l  war fa re  o r  inadver -  
ten t  o u t b r e a k s  of  the d i sease  ou twe igh  its r e sea rch  bene-  
fits to  sc ience  [45]. 
In  M a y  1996, the  49th W o r l d  H e a l t h  A s s e m b l y  unani-  
m o u s l y  a p p r o v e d  a reso lu t ion  r e c o m m e n d i n g  tha t  the  re-  
m a i n i n g  s tocks  of  var io la  virus,  cl inical  spec imens  and o th-  
e r  ma te r i a l s  con ta in ing  infect ious var io la  virus and viral 
g e n o m i c  D N A  be  d e s t r o y e d  on 30 June  1999. W H O  will 
k e e p  500,000 doses  of  the  smal lpox  vaccine ,  while the vac- 
c ine  seed  virus will be m a i n t a i n e d  in the  W H O  C o l l a b o r a t -  

ing Cen t r e  on S m a l l p o x  Vacc ine  at the Na t iona l  Ins t i tu te  
of Publ ic  Hea l th  and  E n v i r o n m e n t a l  P ro tec t ion ,  Bi l thov-  
en, The  N e t h e r l a n d s  [46]. This  dec i s ion  was e n d o r s e d  by 
m a n y  g roups  inc luding the A m e r i c a n  Soc ie ty  for M i c r o b i -  
o logy  and the  Counc i l  of  the I n t e r n a n o n a l  U n i o n  of  Mi- 
c rob io log i c a l  Soc ie t ies  [45]. A smal l  n u m b e r  of  scient is ts ,  
mos t ly  A m e r i c a n ,  have expressed  the i r  r e s e r v a t i o n s  a b o u t  
the dec is ion  to de s t roy  the virus. T h e  ques t ion  of  the  mo-  
ral jus t i f i ca t ion  to de l i be ra t e ly  kill  a spec ies  was ra ised ,  as 
well  as the  poss ib i l i ty  that  the s m a l l p o x  g e n o m e  cou ld  con-  
ta in  i n f o r m a t i o n  useful  agains t  H I V  [47, 48]. O t h e r  scien-  
tists n o t e d  that  two s t ra ins  of va r io la  have  been  to ta l ly  se- 
q u e n c e d  a long  wi th  por t ions  of  five o the r s  [45]. T h e  mos t  
c o m p e l l i n g  a r g u m e n t  for de s t ruc t i on  of  the virus  is its po-  
t en t i a l  to be used  by te r ror i s t s  for b io logica l  wa r f a r e  [49]. 
The  f inal  vote  on  the  issue will be in M a y  1999. T h e  pri-  
m a r y  p u r p o s e  for  the  de lay  was the  a r g u m e n t  tha t  m o r e  
t ime  was n e e d e d  to de ve lop  and  pe r fec t  new m e t h o d s  for 
virus d e t e c t i o n  and  ident i f ica t ion .  
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