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Eradication of smalloox ranks as one of der this ~ l a n ,  oolio vaccination will be 
medical science's greatest contributions to stopped dy 20&, which will save about 
~ u b l i c  health, saving millions from disease $200 million a vear in vaccine-associated 
gnd eliminating thevneed for vaccination. expenses in the U.S. alone (3). After this 
The World Hqalth Organization (WHO),  date, laboratory stocks of poliovirus would 
in cooperation'with the Centers for Disease either be destroyed or restricted to high- 
Control and Prevention (CDC),  Rotarv In- level containment facilities (3). . . 
ternational, and governments around' the 
world, is in the process of completing an- 
other such accomplishment, but in a con- 
siderably different social climate and with a 
different pathogen. The worldwide effort to 
eradicate polio is likely to reach its goal by 
2003, if current levels of funding and coop- 
eration continue. While we applaud this 
goal and the progress that has been made, 
we feel that the crucial final steps in the 
campaign need to be.reconsidered. 

The W H O  has implemented a plan that 
takes advantage of the seasonal nature of " 
poliovirus spread. National Immunization 
Days (NIDs) are held during the winter, or 
"polio-low season." They involve massive 
publicity campaigns, followed by door-to- 
door visits to unvaccinated households. Ad- 
ditional doses of the vaccine are distributed 
as needed during the "high season," when 
outbreaks occur. This ao~ roach  maximizes . . 
the effect of vaccination and bypasses many 
of the logistical difficulties of a year-round 
effort. The eradication campaign uses live 
Sabin oral polio vaccine (OPV) exclusively, 
because it is cheaper than inactivated polio 
vaccine (IPV) and does not require trained 
personnel and sterile needles (1 ), resources 
which manv lesser develo~ed countries 
lack. 

The W H O  also rigorously tracks cases of 
infantile paralysis and screens sewage and 
river water for poliovirus in targeted areas. 
Whenever an  outbreak is detected, a local 
immunization campaign is carried out to  
prevent the virus' spread (2).  The results of 
the eradication effort have been impressive. 
Poliomyelitis caused by wild-type poliovirus 
(wild polio) is rapidly vanishing from even 
the most remote regions worldwide. The 
CDC projects that the world will be polio- 
free by 2003 (3), leaving behind a medical 
infrastructure for vaccination that can then 
be used in a campaign against measles. Un- 

. . 
While this plan is promising, it is not 

complete. Because the W H O  is relying on 
OPV, certification of an  area as "polio-free" 
is accurate only by a narrow definition: no 
wild polio detectable in the population, the 
sewage, or the drinking water over a period 
of years. Because Sabin strains mutate readi- 
ly back to virulent forms (4), potentially 
pathogenic viruses are still being released 
into the aquifers. Vaccine-associated polio- 
myelitis will still occur in these "polio-free" 
areas, at rates of 1 in 300,000 (5) to 1 in 
500.000 (6)  reci~ients  of OPV. Because ~, 

recycling of waste water is necessary in 
many parts of the world, virus excreted by 
vaccinees may persist indefinitely (7). 

A broader, more intuitive definition of 
eradication would be elimination of both 
vaccine and wild strains-a goal that can- 
not occur if only OPV is used. Difficulties 
in distribution and lack of medical resources 
are cited as reasons for using OPV, but 
terminating the effort without making a 
transition to IPV contradicts the W H O  
goal of establishing an  infrastructure for 
future eradication campaigns. One  way to 
accomplish both goals would be to continue 
polio vaccination until IPV can be distrib- 
uted worldwide. Then the cam~aign  would, . " 

not be an  isolated effort, but part of a 
broader public health initiative (8). 

Before vaccination can be stopped safe- 
ly, it will be necessary to destroy most ex- 
isting viral stocks and restrict access to the 
remainder to prevent accidental and delib- 
erate release. For smallpox, virus stocks 
were located in only a few institutions be- 
fore eradication, which meant that inven- 
tory control was relatively straightforward. 
There is no  central record of poliovirus 
stocks, which are distributed among hun- 
dreds, or possibly thousands, of sites. With- 
out an accurate inventory, it is unlikely that 
all virus stocks can be found and destroyed. 

~ ~ 
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The authors are at the Department of Microbiology, Co- 
lumbia University College of Physicians and Surgeons, coxsackievirus B19 an it was 
New York. NY 10032 USA discovered that the virus stock was contam- - . , - - . - , - -  

*To whom correspondence should be addressed. E-mail: inated with polio (9). This incident e m ~ h a -  
vrri @columbia.edu sizes the difficulty in identifying pofiovirus 

repositories in research laboratories. Expe- 
rience with influenza virus suggests that 
accidental release of an infectious agent 
from laboratory stocks may occur (10). As 
with smallpox, there is the possibility that 
some wild virus will survive for long periods 
in the environment (1 1 ,  12). Even if total 
virus destruction could be accomnlished. 
the small size of the poliovirus genome (7.5 
kb), whose sequence is known (13, 14) and 
whose complementary DNA is infectious 
(15), would make it ~ossible  for a terrorist 
to synthesize a new stock. 

In the post-vaccine world, the suscepti- 
ble population would increase each year 
and the large number of potential sources of 
reintroduction would soon constitute a ma- 
ior threat. Vaccination of laboratorv oer- , & 

sonnel who are studying the virus or main- 
taining emergency vaccine stocks then cre- 
ates avdilemha. 1f workers are vaccinated 
with OPV, they will shed live poliovirus 
into the environment. Use of IPV would 
allow these workers to act as carriers (be- 
cause infection of the gut is still possible), 
increasing the probability of an  outbreak. 
For smalloox. the fact that vaccine and 

A ,  

virulent strains differ substantially made it 
~ossible  to avoid this difficultv. 

To  evaluate the potential impact of a 
single reintroduction of poliovirus into the 
post-vaccine world, we can use the 1992-93 
Dutch e~idemic as a model. In this incident. 
67 cases of paralytic poliomyelitis were re- 
ported, but the virus spread to many more 
individuals. High levels of vaccination with 
IPV meant that the ~aralvtic cases were re- . , 
stricted almost entirely to members of a re- 
ligious group that refused the vaccine (16). 
Within this subpopulation and its immediate 
contacts, the virus spread very efficiently; 
-7% of the children in this group were 
actively secreting wild polio in a single sam- 
pling taken during the epidemic (1 7). This 
eoidemic occurred in a nation with high - 
standards of health care, where paralytic cas- 
es were reported promptly and additional 
doses of IPV and OPV were distributed to 
the affected area immediately. Such high 
standards of preparedness are unlikely to 
continue after cessation of vaccination. In a 
city of 10 million unvaccinated individuals, 
a rough estimate would be that a single 
release of virus could result in 7000 paralytic 
cases. It would take more than 700 years of 
vaccination to produce that number of cases 
of vaccine-associated paralysis in the U.S. 

The control of poliomyelitis has substan- 
tially improved the quality of life world- 
wide, and the completion of this task will 
allow lesser developed countries to focus on  
other public health issues. To  succeed, how- 
ever, the polio eradication effort should 
take a balanced approach as part of a larger 
campaign to improve health and sanitation. 
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Ending Polio Immunization 
Harry F. Hull and R. Bruce Aylward 

T h e  financial, logistical, and biological 
challenges of eradicating polio were rec- 
ognized long before the goal of global po- 
lio eradication by the year 2000 was set in 
1988 (1 ,  2). During planning for the ini- 
tiative, it was recognized, though, that 
answers to some issues would become ap- 
parent only as the initiative matured. 
Nine years later, the strategies have been 
clearly defined (3) ,  and rapid progress is 
being made. Only 4000 polio cases were 
reported worldwide in 1996, which is a 
decline of nearly 90% from the 35,000 
cases reoorted in 1988. Polio eradication 
in the Western Hemisphere was certified 
in 1994, and wild-type poliovirus (wild 
polio) circulation is now largely confined 
to South Asia and Africa 14). The  initia- ~, 

tive is entering a new phase. In addition to 
interrupting final chains of transmission, 
the initiative must now address concerns 
about what will happen after wild polio is 
eradicated. 

Eventual cessation of control measures 
is inherent to the concept of disease erad- 
ication; it has always been anticipated 
that immunization against poliomyelitis 
would be stopped. Potential strategies for 
stopping immunization were reviewed at 
meetings of the World Health Organiza- 
tion (WHO)  Technical Consultative 
Group held in 1996 and 1997. The  
WHO'S Plan of Action for Global Polio 
Eradication calls for a specific strategy for 
cessation of immunization to be developed 
even before the world is certified as free of 
polio. 

Dove and Racaniello question whether 
it will ever be possible to stop polio immu- 
nization (5). They cite three specific con- 
cerns: possible persistence of wild polio in 
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the environment, potentla1 for wild polio to 
escape from laboratories, and potential for 
continued circulation of vaccine viruses af- 
ter use of the oral polio vaccine (OPV) is 
halted. In a review of potential environ- 
mental reservoirs of wild polio (6) ,  Dowdle 
and Birmingham state, "The rate of polio- 
virus inactivation is dependent on numer- 
ous conditions, but survival in the environ- 
ment is finite." with survival in the envi- 
ronment lasting months rather than years. 
Thev conclude that the onlv environmental 
source that presents a serious threat to  the 
eradication initiative is laboratorv stocks of 
wild polioviruses. A n  escape of a hi ld polio 
strain through a laboratory accldent has 
recently been documented in the Nether- 
lands (7 ) .  ~. , 

Dove and Racaniello imply that inven- 
torv. control. and containment of all clin- , , 
ical materials, extracts, poliovirus isolates, 
and other notentiallv infectious materials 
are unmanageable tasks. However, the 
magnitude of these tasks and the interna- 

c2 

tional cooperation needed to achieve 
them pale when compared with tasks al- 
ready accomplished (4, 8 ,  9) .  The  formal 
process of containing wild polio stocks will 
begin with a consultation of vaccine man- 
ufacturers, technical organizations, and re- 
search institutions, wi ich  will be con- 
vened by the W H O  in September 1997. 
The  expected outcome of this meeting is a 
draft plan for containment procedures that 
will be widely circulated in the scientific 
community before implementation. 

The  potential for the Sabin strains to 
persist or revert to  neurovirulence was 
debated even before the widespread intro- 
duction of the Sabin vaccine (10). Al- 
though some immunocompromised indi- 
viduals have excreted vaccine strains for 2 
years or more (6) ,  there are n o  data to 
show that vaccine viruses persistently cir- 

culate in a general population or cause 
outbreaks of paralytic poliomyelitis. In 
1961, Fox noted "the clearly limited abil- 
ity of Sabin viruses to spread, as compared 
with that of the wild viruses . . ." in Lou- 
isiana ( 1 1 ). Data from Cuba ( 1 2) and 
Hungary (1 3 ) ,  where OPV was given ex- 
clusively through mass campaigns, support 
Fox's findings. In these countries, Sabin 
viruses could be isolated from clinical and 
environmental specimens only in the 
months immediately after the campaigns. 

However, given the importance of as- 
sessing this theoretical risk, the W H O  is " 

sponsoring studies to determine how and 
when immunization can be stopped. These 
include the prevalence and duration of 
excretion of vaccine virus in immunodefi- 
cient persons in both industrialized and 
developing countries (1 4). Nucleotide se- 
quencing studies (1 5 )  of vaccine-derived 
virus isolates from paralyzed children in 
nonendemic developing countries are un- 
der way to estimate the interval between 
the administration of the orieinal vaccine " 
dose and collection of the stool sample. 

Dove and Racaniello suggest that inac- 
tivated polio vaccine (IPV) should replace 
live OPV either on  a permanent or an 
interim basis to guard against continuing 
circulation of the Sabin viruses after the 
eradication of wild viruses. Although the 
infrastructure exists to  deliver IPV ( 16). , , 

such a decision cannot be made lightly. 
Operational IPV production capacity is 
quite limited and would have to be ex- 
panded for IPV to be used worldwide. 
Halting the use of OPV remains the sim- 
t7lest and most cost-efficient means for 
stopping immunization. This option 
should not  be abandoned without c o m ~ e l -  
ling reasons to do so. 
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