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Summary

A series of major factors must be weighed in deciding whether or not, and to what extent, a
particular country should consider pre-exposure vaccination for smallpox. These include the
risk of a bioterrorist attack using smallpox, the risk of secondary spread from another country,
the risks and benefits of vaccination, the effectiveness of vaccination pre- and post-exposure,
the prevalence of immunocompromised persons, the capacity of the medical care delivery
system and the wealth of a nation. We review here the issues and variables relevant for policy
making, propose a framework for country-specific decision making and suggest the World
Health Organization has a key role to play, particularly with regard to lower-income
countries. In doing so, we support the proposition that the new cell culture smallpox vaccine
should be selectively offered to the general population.

Introduction

Smallpox (Variola Major) is a deadly scourge with, at present, no known treatment other than
supportive therapy. It has an overall mortality in the unvaccinated of 30%, leaves 60 to 80%
of survivors permanently disfigured and has death rates in the very young and the elderly
approaching 50% [1, 2, 3, 4, 5 ]. There is an extremely effective live virus vaccine available
that very rarely results in death but somewhat more frequently causes severe complications
[6, 7]. The last cases of smallpox occurred in 1977 and 1978, the US and Britain stopped
routine vaccination in the early 1970s and the world was declared free of smallpox in 1980 by
the World Health Organisation (WHO) [8, 9, 10]. The virus has been weaponized and
weaponized virus may have leaked from the Former Soviet Union (FSU) and/or stocks of
virus may not have been destroyed by some countries as called for by WHO in the late 1970s
[11, 12]. The former deputy director of the Soviet biological weapons program considers it
proven that North Korea possesses the smallpox virus and that Iraq is also a likely candidate
to have the virus [13]. Vaccination of North Korean and Iraqi troops has also been reported
[14].

Bioterrorism and smallpox became a pressing US and international issue after September 11,
2001. The US Government considered the threat sufficient to purchase vaccine and vaccinia
immune globulin (VIG) for all Americans in preparation for a possible smallpox attack [15,
16]. Vaccinia immune globulin is a blood product derived from the plasma of humans  who
have recently been vaccinated. It is available in two forms, intramuscular and intravenous,
and is in short supply in the US and almost certainly worldwide. 15,000 doses are currently
being produced in the US with options for up to 100,000 total doses. VIG is substantially
effective in controlling generalized vaccinia, and eczema vaccinatum. Its effectiveness in
vaccinia necrosum is more problematic; it is not effective for post-vaccinal encephalitis and is
contraindicated in vaccinial keratitis. The call for pre-exposure vaccination came quickly [17,
18, 19, 20]. The head of Russia's Vektor Institute urged widespread immunization against
smallpox, the British Government bought enough vaccine for 50% of the population,
Germany purchased 6 million doses and Israel began vaccinating first responders [12, 21, 22,
23]. The US initially considered very modest pre-exposure vaccination [17, 24]. Now, the
White House appears to be on the verge of announcing a far more ambitious plan for pre-
attack vaccination of first responders followed by voluntary vaccination of the general public
[25].

The former WHO Director of Smallpox Eradication summarized the threat as early as 1999
[26]:
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"Despite routine vaccination in Yugoslavia, the first case in the 1972 outbreak resulted in 11
others; those 11, on average, each infected 13 more. Other outbreaks in Europe from 1958 on
showed that such explosive spread was not unusual during the seasonal period of high
transmission.....One can only speculate on the probable rapidity of spread of the smallpox
virus in a population where no one younger than 25 years of age has ever been vaccinated
and older persons have little remaining residual immunity."

The Questions

The fundamental questions facing countries around the world are:

1 - What is the risk of being a target for a smallpox attack?
2 - What is the risk of secondary spread from an attacked country?
3 - What are the risks of vaccination?
4 - What is the feasibility of reducing the risk of vaccination?
5 - What are the direct and opportunity costs of pre-exposure vaccination in a particular
country?
6 - What are the options for post-exposure control?

The answers to these questions will help illuminate the local policy options, which range
from:

1 - Do nothing;
2 - Stockpile limited amounts of vaccine with or without vaccinia immune globulin;
3 - Vaccinate key personnel before any exposure;
4 - Vaccinate the general population voluntarily;
5 - Require mandatory pre-exposure vaccination of the general population.

Countries at high risk of attack face malicious dissemination by multiple terrorists in multiple
geographic areas in the context of a mobile population with low immunity. Countries at low
risk of attack but subject to secondary spread will face accidental dissemination and possibly
far fewer disseminators. Countries will have a variable number of immunocompromized
individuals, particularly due to HIV infection which may be unrecognised in many citizens.
Further, without regard to the prevalence of AIDS, the capacity of a country's health system
or the opportunity costs of pre-exposure vaccination, low-risk countries can reasonably
consider less aggressive pre-exposure strategies. For some countries, when health care
delivery capacity, opportunity costs and HIV/AIDS prevalence are considered, the case for
modest or no pre-exposure action is strong.

We suggest a country-specific risk profile to illuminate the policy decision of whether or not
to vaccinate before smallpox occurs. Depending on the risk profile of a country, options 1
through 4 are reasonable. We find no situation that merits option 5. However, before moving
to country-specific policy decisions, it is necessary to consider how attack risk varies by
country, the risks of vaccination and post-attack control methods.

The Risks of Direct Attack and Secondary Spread

We posit that the highest-risk countries are the US, Israel and the UK. Unfortunately,
meaningful quantification of the risk is not possible, and others may wish to add to or delete
from this list. The case for selective, progressive, voluntary pre-exposure vaccination of the
entire population merits very serious consideration in the US. This has been proposed by one
of us, and is being actively debated as this article is being written [17, 18, 19, 20, 24, 25].
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All countries are at risk of secondary spread from an attacked country. However, that risk is
greatest for geographically contiguous countries or countries where there is extensive travel
from a country at high risk of attack. Thus, if the US is attacked, Canada will be at far higher
risk of secondary exposure than Bhutan. In like manner, an attack on Israel places the West
Bank and the Gaza Strip at much higher risk than Malaysia.

A country such as Zambia is very unlikely to be a direct target of smallpox bioterrorism and
has only moderate risk of indirect spread. Further, it has a high HIV/AIDS prevalence, low
expenditure on public health and medical care and many pressing unmet needs for health
services [27, 28]. Countries with this type of profile may be well advised to do nothing at this
stage.

A country such as Singapore presents a very different situation. The risk of attack is low but
travel through Singapore from high-risk countries is high. HIV/AIDS prevalence is also low
and the capacity to identify and protect the immunocompromized is high [27]. The health
system functions well and the country could afford an investment in preventing a low-risk
event that, should it occur, would have calamitous health and economic consequences [29].
Thus, Singapore could reasonably consider vaccinating first responders and stockpiling
sufficient vaccine and VIG for its entire population.

A similar analysis can be done for any country.  It is essential to emphasize that the analysis is
going to be heavily influenced by value judgments that will vary greatly country by country.
Thus it is possible that two somewhat similar jurisdictions, such as Singapore and Hong
Kong, using the same analytic framework, might choose different policies.

Underlying these conclusions are assumptions about the risks of vaccination, the ability to
identify and protect the immunocompromized and the ease or difficulty of containing an
outbreak of smallpox. Resuming vaccination before smallpox recurs, if it ever does, requires
an assessment of attack risk and a full understanding of the risk of vaccination by age, prior
vaccination history, immunocompromized status, skin condition and possibly pregnancy.
However, pregnancy may not be a contraindication [30, 31].

New Smallpox Vaccines and Vaccination Methods

A new cell culture derived vaccine, in full-scale production by Acambis, uses the same
vaccinia strain (New York City Board of Health; NYCBH) as the older US product (Wyeth
Dryvax). Licensure is anticipated as soon as manufacturing, control and clinical data are
acceptable to the US Food and Drug Administration (FDA). This vaccine was designed to
mimic the immunogenicity of the old product. The side effects are expected to be similar to
the side effects of the Dryvax that was used widely until 1972 and intermittently to the
present [32].

The US National Institute for Allergy and Infectious Diseases (NIAID) is encouraging the
development of a smallpox vaccine using a non-replicating live vaccinia virus (Modified
Vaccinia Ankara or MVA). The NIAID hopes to demonstrate that MVA will be safe for use
in immunocompromized hosts, persons with atopic dermatitis, and the general population. If
development and licensure proceed without difficulty, MVA could be licensed by the FDA in
2005 and available thereafter. Alternative live attenuated replicating vaccinia vaccines, e.g.
the Japanese LC16m8, may have fewer side effects than the NYCBH strain and be a safer
product for use in the general population, but probably not in the immunocompromised. FDA
licensure of an attenuated replicating vaccine would be unlikely before 2005 [33,34]. Once
Acambis has fulfilled its obligations to the US Government, its vaccine will be available for
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purchase by other jurisdictions [32]. For planning purposes, until at least 2005, it is prudent to
assume a vaccine risk profile based on historical data. If safer and effective vaccines become
available, all other risks and benefits remaining constant, the case for more extensive pre-
exposure vaccination would become stronger.

As a human challenge with smallpox to test the true protective effect of new vaccines is not
possible, there may always be some doubt as to the efficacy of an attenuated or non-
replicating vaccine.  Fenner, has suggested, as have the Germans, that immunization with an
attenuated or non-replicating vaccine might decrease side effects from a subsequent, known to
be protective, immunization with the replicating NYBH strain [35].

A  case can be made for the use of Jet Injectors, particularly in a post-exposure setting.
However, even where maintenance is not a problem, there is concern that that transmission of
blood and blood borne disease is possible from vaccinee to vaccinee [36]. Thus, at his time,
jet injectors are not the method of choice. CDC is contracting for the development of "a high-
speed device which uses safe, disposable cartridges" [37].  If and as this is proven effective
and safe, then it will be appropriate to reconsider a higher speed and more automated method
for vaccination.

The Risks of Vaccination

The most relevant, recent experience, from US 1968 data on complications and deaths
associated with 5,594,000 primary vaccinations and 8,547,000 revaccinations including
complication and deaths in contacts of vaccinees is summarized below [6]:

Post-Vaccinal Encephalitis - 4 deaths/16 cases, no treatment.

Vaccinia Necrosum or Progressive Vaccinia - 4 deaths/11 cases - usually in
immunocompromized - historically no effective treatment, VIG may be of some benefit.

Eczema Vaccinatum -1 death in a contact/58 cases in primary vaccinees, 8 cases in
revaccinees and 60 cases in contacts  - treatment with VIG very effective

Generalized Vaccinia - 0 deaths/143 cases - usually self-limited

All other complications - 0 deaths/276 cases, all minor

The risk in those who have been vaccinated previously is very small, with 14 severe
complications, including 2 deaths (one under age 10) in 8,547,000 revaccinees. However, the
primary vaccinee population older than 9 was comparatively small (694,000) and primary
vaccinees over 14 number only 399,000. The two deaths in persons over 14, a primary
vaccinee with aplastic anaemia and a revaccinee with chronic lymphocytic leukaemia, were in
patients we would anticipate screening out in a pre-exposure scenario today

78% of deaths (7 of 9), 82% of very serious complications (Vaccinia Necrosum, Post-
Vaccinal Encephalitis, Eczema Vaccinatum) and 81% of all complications occurred in
children under ten. Six of nine deaths were in primary vaccinees, two in revaccinees (one
child, one adult) and the one death in a contact was from Eczema Vaccinatum in an
accidentally infected child. It is clear that primary vaccination is most risky in children under
ten. If children under 10 and persons who could reasonably be expected to be screened out
were eliminated from this data and, pari passu, 90% of the contact cases also eliminated,
there would be a total of 8,973,000 vaccinations (4.4% primary) with 25 to 30 severe
complications including 0 to 3 deaths.
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Although there is additional experience with adult vaccination in the US military, the Israeli
Defense Force (IDF), CDC in the 1980s and 1990s and Israeli first responders today, these are
primarily if not exclusively revaccinations. We do know there were three US military
vaccine-related deaths in WWII [38] and one case of disseminated vaccinia in an HIV-
infected man. The man's disseminated vaccinia resolved with vaccinia immune globulin
(VIG) therapy, healed in mid-Aug 1984, well before his death in Dec 1985 [39]. He was
treated with amphotericin for cryptococcal meningitis until the time of his death. No autopsy
was performed. No other causally attributable deaths due to smallpox vaccination among US
military personnel have yet been identified [40]. The IDF reports no deaths but some
complications [41]. CDC has vaccinated about 11,400 adults since the early 1980s with no
known severe complications or deaths [42]. Currently, 9,000 first responders have been
vaccinated in Israel with no serious complications or deaths [43]. These sources confirm that
revaccination of adults is very safe but do not add to the adult primary vaccination
experience.

Neff, et al comprehensively reviewed accidental transmission and report the vast majority of
accidental vaccinations are from close contact with siblings, family members or playmates
(138/143). Of the remaining cases, three featured close contact and 2 were children in day
care centers with unknown contacts [7].

Since widespread vaccination stopped in the 1970s, HIV has become pandemic, with large
numbers of immunocompromized persons in some countries and at least a small number in
virtually all countries [27]. Organ transplant patients on long-term immunosuppressive
therapy are also at increased risk. Some cancer patients may be immunosuppressed due to
therapy, as may some patients on corticosteroids. In addition, at least in the US, the
prevalence of eczema may have increased two or three fold and patients with eczema or a
history of eczema are at a higher risk of dermal complications than the general population and
are also at higher risk of accidental vaccination by close contact, usually a family member [6,
7].

Controlling the Risks of Vaccination

As we consider the risks of vaccination, particularly to the immunocompromized, it is well to
remember that the immunocompromized are also at the highest risk of death from smallpox.
Orderly and careful pre-exposure screening with counselling as to what to do in the case of an
outbreak, along with increasing the immunity of the general population, all serve to protect
the immunocompromised pre- and post-exposure. Pre-exposure vaccination should be
unhurried, screening out individuals at higher risk of complications. Serious consideration
should be given to either voluntary or mandatory HIV testing prior to vaccination if there is
any question about HIV status.

Specific steps to decrease pre-exposure vaccination morbidity and mortality include:

1 - Use the double semi-permeable membrane dressing reported to reduce viral shedding by
97% or more. This will greatly decrease an already very low risk of accidentally vaccinating
others [44, 45].

2 - Do not vaccinate children under 10 unless the risk of attack is judged to be high and
imminent. This eliminates many cases of active eczema and historically would eliminate 80%
of very severe complications and deaths from vaccination. In case of attack, children can be
isolated and rapidly vaccinated.
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3 - Carefully screen all adults with the expectation that those who have been vaccinated
previously have a risk of death on the order of one in five million. The remaining population
at highest risk of complications is older children and young unvaccinated adults (ages 10 to
33). In more developed countries this will be about 27% of the total population [46]. By
observing the current Israeli experience and the US experience with vaccination of adult first
responders, likely to begin very soon, other countries can determine the effectiveness of
screening and the actual risk their population may face.

We note that, for those countries that continued routine vaccination after 1972, the proportion
of the population at lower risk of vaccination side effects will be higher. Thus, in assessing
the risks and benefits of vaccination, the percent of the population who have never been
vaccinated and are 10 years old or older should be estimated for each country.

Careful screening, not vaccinating children and using the double semi-permeable membrane
dressing should keep pre-exposure vaccination complications and deaths at or below historic
levels. For countries with a high HIV/AIDS prevalence, limited capacity to determine who is
actually immunocompromized and without sufficient resources to assure supplies of VIG and
semi-permeable dressings, pre-exposure immunization is, almost certainly, contraindicated.

Residual Immunity

Unfortunately there is no clear and unambiguous answer to the duration of immunity. Most
would agree that it is substantial for 10 years and wanes thereafter. Mack in his review of
European outbreaks from 1950 to 1971 presents figures which suggest that vaccination from 0
to 10 years before exposure has a case mortality rate of 1.4%, between 11 and 20 years 7%
and after 20 years the mortality rises to 11% [5]. The data from a smallpox outbreak in
Liverpool in 1902-03 suggest that immunity may be greater, with case death rates between
5% and 10% 30 to 60 years after vaccination. [47, 48]. In fact, we do not know the degree of
residual immunity, only that it wanes over time and in 2002 will probably decrease deaths but
cannot be counted on for protection against disease.

Infectivity of Smallpox

In determining the risks associated with either attack or accidental spread to another country,
it is important to consider how many persons a terrorist might infect (the first generation of
transmission) versus how many persons will be infected by cases in the second and
subsequent generations of transmission.  Or, how will the basic reproductive rate (RO) vary by
generation? A terrorist could spread smallpox either as an infected person or by using an
aerosol. Aerosol spread would likely be more effective. Consider the case of a single infected
terrorist who travels to the country being attacked just after being infected. There is no way to
screen for the disease in the prodrome. Once in the country the terrorist need only go to a
hotel, assure a supply of food and fluids and watch his temperature curve. As the prodrome
ends and his temperature drops, he will have no visible rash, be feeling better but not well and
have 2 to 4 days to move about in crowded venues before showing the characteristic rash of
smallpox. In these few days it is plausible, even likely, that one terrorist could infect a
hundred or more persons. An outbreak reported by Wanklyn in 1913 and cited by Dixon is
chilling and prescient [49]:

"One person with smallpox arriving in the country travelled by train....he was apparently in
the initial phase of the disease, as nobody noticed a rash on his face...Almost everyone who
travelled with him in the compartment from Queensborough to Manchester contracted
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smallpox, the ticket collector...and those who travelled with him to Stalybridge in another
train, something like a hundred people being infected from one single case."

Malicious dissemination, by multiple terrorists in a high-risk country that has a mobile, low-
immunity population, could have devastating consequences. Our modelling suggests that 5
terrorists in the US could easily infect 200 persons leading to 114,000 cases and 28,500
deaths in over 600 cities and towns by days 40 to 45 [50]. Second and subsequent generations
of cases with public information and awareness, isolation, limits on travel, and the
implementation of vaccination would soon reduce the intergenerational transmission rates and
the outbreak would be controlled. If post-exposure vaccination is  not instituted rapidly,
control will take longer. Our second and subsequent transmission rates are consistent with the
findings of Gani and Leach, who have analyzed a number of outbreaks and conclude [51]:

"For contemporary outbreaks in industrialized countries, which now have low levels of herd
immunity an R0 value of 4 to 6 would probably apply for community-acquired infections, but
might transiently be higher (for example, 10 to 12) before the disease was correctly
recognized and appropriate hospital infection controls implemented. These values differ from
recently applied values. The higher values from 10 to 20 have been estimated from atypical
outbreaks with unusually high transmission rates, whereas the lower estimates of around 2
appear to have neglected concurrent herd immunity..... significant epidemics could result,
particularly if there were delays in detecting the first cases or in setting up effective public
health interventions."

The situation is different for the person who, infected by a terrorist in an attacked country,
travels to another country. This infected person is likely to infect others but without malicious
intent and the initial R0 will be smaller, perhaps 10 to 12, quite possibly less.

The Ephemeral Post-Exposure Window of Opportunity for Vaccination

A widespread belief that vaccination within 4 days of exposure will protect against smallpox
is buttressed by seemingly authoritative statements [52]. However, hard data is scant. Dixon,
reporting on the 1946 Tripoli outbreak noted 21 persons with no history of vaccination who
were vaccinated within 5 days of exposure. All 21 came down with smallpox and none died.
He concluded [53]:

"Successful vaccination, even done as soon after contact as this, therefore, is no guarantee of
complete protection although there may be a guarantee against death."

This conclusion is consistent with much earlier data from Liverpool reported by Hannah as
cited by Baxby reporting no subsequent disease in an unvaccinated contact vaccinated on the
day of exposure and a second unvaccinated contact vaccinated 2 days after exposure [48].
However, 2 others vaccinated on day 2 developed mild cases of smallpox and all persons
vaccinated on days 3, and thereafter developed smallpox. McVail’s somewhat weaker data as
reported by Mortimer also support a conclusion of limited benefit from early post-exposure
vaccination [54].

Those with experience of smallpox eradication report anecdotally that vaccination shortly
after exposure decreases the severity of disease [55]. However, Mack, in his review of
European outbreaks, reported 70 persons vaccinated after exposure with 20 deaths or 29%
mortality but does not report the interval between exposure and vaccination [5, 56]. Clearly,
the post-exposure window is more hope than reality and, at best,  provides very little
opportunity for outbreak control.
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Controlling an Outbreak of Smallpox

Smallpox is most contagious as soon as lesions appear in the mouth and throat. At this point
the prodrome of 5 to 11 days ends, fever typically drops and the patient is very infectious. The
rash in the mouth and throat is not visible and when the rash first appears on the skin it is
easily overlooked in the first day or two and is not usually classic in appearance until day 3,
or more likely day 4 or even 5 [2, 3, 4]. From a control perspective this means that there is
ample opportunity for person-to-person spread before any case can be diagnosed and
quarantined.  Kaplan, Craft and Wein have demonstrated that ring vaccination is a
prescription for failure in the face of a serious bioterrorism attack, negating the overly
optimistic assumptions in the CDC modelling by Meltzer, et al [57, 58]. Kaplan and Wein
have also demonstrated that the reported effectiveness of ring vaccination in smallpox
eradication in West and Central Africa reported by Foege, et al can be explained solely on the
basis of growing population immunity [59, 60]. Isolation and quarantine are an integral part
of the ring vaccination strategy. However, enforcing widespread quarantine and isolation in
most societies, and certainly the US, is unlikely to work [61].

There are three options for post-exposure control:

1 - National post-exposure vaccination;

2 - Local, wide-spread mass vaccination;

3 - Identification of contacts and ring vaccination with isolation and quarantine.

As Kaplan, et al and one of us (WB) have pointed out, all post-exposure control strategies
work faster when more people are vaccinated before an attack as it is harder for the disease to
spread and there are fewer people to vaccinate [57, 17].

The Intervention Options

The points of intervention can be considered linearly from pre-exposure to post-exposure
along with the effectiveness and risk of each intervention.

Pre-Attack:

1 - Prevent Attack by confiscating supplies. This is arguably desirable but highly speculative
as the locations of possible stocks of smallpox are not known and are very difficult to
determine.

2 - Mandatory pre-exposure vaccination of all persons without contraindications to
vaccination - Possible only in societies with strong central governments capable of enforcing
a mandatory order. The feasibility of mandatory pre-exposure vaccination in most countries is
speculative, nor is there need, as other less draconian options are sufficient.

3 - Voluntary pre-exposure vaccination of all persons without contraindications to vaccination
- Feasible in any wealthy country and, if the numbers accepting vaccination are as predicted
in the US (about 60% of adults), post-exposure control would be far simpler [62].

4 - Pre-exposure vaccination of persons without contraindications to vaccination necessary to
maintain the functions of civil society- This option in the US would require vaccinating an
estimated 2% to 3% of the entire population. D.A. Henderson at the Advisory Committee on
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Immunization Practices meeting May 8, 2002 at CDC suggested 10 million as a possible
number. We arrive at the same number as follows: all medical personnel in the US number
about 5.5 million, others necessary to maintain civil society, at least another 5 million (also
estimated by Dr. Henderson). An upper bound of 5% to 7% of the total population or between
15 and 20 million people seems generous and of these one could expect 40% to either decline
or be ineligible for vaccination for a final total of 2 to 3% of the population or up to 10
million broadly defined first responders.

5 - Pre-exposure vaccination of first medical responders without contraindications to
vaccination. Limiting first responders to medical and public health personnel drops the
number to 5.5 million and, assuming 40% opt out or are ineligible, the final number is 2.2
million or about 0.8% of the US population.

6 - Pre-exposure vaccination of a small number of public health laboratory and epidemiologic
investigatory personnel and a limited number of first responders all without contraindications
to vaccination sufficient to operate laboratories and initiate outbreak investigations and post-
attack vaccination. Initial CDC estimates of this number were around 20,000 persons
nationwide or about .0001% of the population [17, 24].

7 –  No pre-exposure activity beyond a minimal, country-specific, risk assessment.

As the US health care delivery system is generously staffed in comparison to many other
countries, the proportion of the population who would need to be immunized to satisfy
options 4 and 5 in other countries would likely be no higher and probably lower than in the
US.

Post-Attack Including Secondary Spread:

1 - Mass vaccination of the entire population. Depending on national preference, this could be
voluntary or mandatory with few if any exemptions for known or suspected smallpox contacts
and limited exemptions linked to isolation for persons with underlying diseases (e.g. the
immunocompromised) not believed to be direct contacts;

2 - Local mass vaccination in the geographic areas where cases occur with the same caveats
as in 1 just above;

3 - Ring vaccination, isolation of  contacts and quarantine of cases.

Depending on national geography, population distribution and intensity of attack or secondary
exposure, option 2 may be preferable to option 1. Options 1 and 2 would, if feasible, include
quarantine of cases and isolation of contacts. The CDC revised guidelines (September 23,
2002) describing "voluntary, large-scale, postevent smallpox vaccination" broadly endorse
approaches 1 and 2 [63].

Overall, for a high-risk country pre-attack option 3 plus post-attack option 1 provides the
highest level of protection of the general population and can be expected to control an attack
very rapidly with minimal cases and deaths [17, 57, 64]. Alternatively, pre-attack option 4
plus post-attack option 1 can well be argued as equally desirable. The side effects of
vaccination would be less and the number of additional cases of smallpox post attack would
be small.
If smallpox ever appears in another country, it is reasonable to consider imposing  travel
restrictions on entrants from that country and from other countries at high risk of secondary
spread. Further, a country at high risk of post-attack secondary spread might also move
rapidly to pre-emptive voluntary mass vaccination.
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The weakness of pre-attack option 5 is that it ignores essential functions such as supplying
urban populations with food, operating the electric power grid, public safety, maintaining
communications, including an effective media, and similar functions. Pre-attack option 6,
although reasonable in many countries, quite correctly appears to be rapidly moving off the
agenda in the US.  Option 7 is reasonable for countries with special risks (see below).

Countries by Risk Group

If the countries at highest risk of attack are the US, Israel and the UK, then the countries at
high risk of secondary spread are Canada, Mexico, Ireland, the Occupied Territories, Lebanon
and possibly Syria, Jordan and Egypt. Countries at moderate risk of secondary infection
would include most European countries, many Caribbean countries that are tourist
destinations, Singapore, Hong Kong and Japan. Other countries would qualify as being at
lower risk of infection.  To move from a provisional to a final classification requires a
quantitative assessment of travel from high risk of attack countries to other countries.

National Policy Options

We propose the following for worldwide public and professional debate:

1 - Countries at high risk of attack:

Minimum package: Voluntary vaccination of eligible medical and public health first
responders. Stockpile vaccine sufficient for the entire population and stockpile VIG sufficient
to manage probable vaccine complications.

Maximum package: Minimum package plus voluntary vaccination of all remaining first
responders. Make the vaccine available on a voluntary basis to the general public.

2 - Countries at high risk of secondary spread:

Minimum package: Stockpile vaccine sufficient for 50% to 100% of the population. Stockpile
VIG sufficient to manage probable vaccine complications.

Maximum package: Minimum package plus vaccinate medical and public health first
responders.

3 - Countries at moderate risk of secondary spread:

Minimum package: Stockpile sufficient vaccine and VIG to initiate but not complete
widespread vaccination with a vaccine and VIG stockpile sufficient for 10% to 25% of the
national population.

Maximum package: Minimum package plus vaccinate a limited number of medical and public
health first responders.

4 - Countries at lower risk of secondary infection:

Minimum Package: Assure rapid availability of vaccine and VIG from sources in country or
abroad.
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Maximum package: Stockpile vaccine and VIG sufficient for 10% of the population.
Vaccinate a limited number of medical and public health first responders.

5 - Countries with special risks:

If a country has a severely under-funded health system and/or has a high prevalence of AIDS,
as is the case in much of eastern and southern Africa, then the combination of risks to the
immunocompromized and the opportunity costs of immunizing against smallpox are
sufficiently great to merit doing no more than assuring the rapid availability of vaccine and
VIG should smallpox occur.

The definition of first responder or persons likely to come in contact with an infected person
will vary from country to country. A high-volume transit country such as Singapore, for
example, might include airport passenger service workers and hotel staff.

Some countries in categories 1, 2 and 3 just above, particularly smaller, wealthier countries
with good medical and public health systems might choose voluntary pre-exposure mass
vaccination to avoid economic and social disruption and, for all practical purposes, eliminate
the risk of smallpox.

The Role of WHO

As many countries have constrained supplies of human and financial resources, WHO should
consider the following:

1 - In consultation with lower-income member countries assist with developing country-
specific smallpox strategies;

2 - In anticipation of a major bioterrorist use of smallpox, purchase and stockpile smallpox
vaccine, bifurcated needles and VIG in sufficient quantities to control the accidental but
predictable spread of smallpox to lower-income countries that cannot and should not purchase
or stockpile their own supplies;

3 - Acting on behalf of all member nations consider contracting with one or more suppliers of
semi-permeable membrane dressings. Richer countries could pay but could use the contract to
obtain advantageous pricing. In the case of poorer countries with an interest in pre-exposure
vaccination, WHO should consider purchasing and providing the dressings.

4 - Identify, train and vaccinate regional rapid response teams to assist in identifying cases
and implementing national responses.

5 - Identify and, as needed, assist in strengthening regional laboratories for the definitive
diagnosis of smallpox.

Conclusions

The case for pre-exposure vaccination varies country by country and requires a country-
specific assessment of risk factors prior to making a policy choice. The few countries at
highest risk of attack should consider substantial pre-exposure immunization as Israel and the
US are doing. Other countries can reasonably do less and some countries with weak health-
care delivery systems, limited human and financial resources and a high prevalence of
HIV/AIDS should consider taking no anticipatory action. WHO has a key role to play in
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assisting lower-income countries in developing country-specific risk assessments, stockpiling
smallpox vaccine, bifurcated needles and VIG for use in lower income countries, arranging
for the purchase and/or supply of semi-permeable membrane dressings, organizing regional
rapid response teams and assuring the diagnostic capacity of regional laboratories.
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