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I MVUNI ZATI ON COVERAGE AND SURVEI LLANCE: CHALLENGES FOR

THE POLI OMWELI TI S G_LOBAL ERADI CATI ON I NI TI ATI VE

1. | NTRODUCTI ON

In May 1988 the Forty-first World Health Assenbly commtted WHO
to the gl obal eradication of polionyelitis by the year 2000
(Resol ution WHA41. 28). d obal eradication, as has been achieved

for small pox, can be defined as the conplete and permanent

cessation of the natural transni ssion of an infectious-di sease

agent (32).

The broad objectives of the global polionyelitis eradication
initiative are to achieve, by the year 2000, no case of clinical
polionyelitis associated with wild poliovirus, and no wld

poliovirus identified worldw de through sanpling of comunities

and the environment (1).

d obal polionyelitis eradication will be highly beneficial. Apart
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fromthe huge benefit associated with the control of the

di sease —nore than 200, 000 cases of paralytic polionyelitis are
estinmated to occur each year--, the main cost savings for al
countries, devel oped as well as devel opi ng, woul d be provided by
abandoni ng poliomyelitis imunization. In the United States

al one, the expected savings are estimated to be $114 m | lion per
year (14).

However, because of the epidem ol ogical features of
polionyelitis, all control efforts directed at the disease can be

dropped only when worl dw de eradi cati on has been achi eved and

certified.

Two of the main problens to solve before gl obal eradication can
be realized are how to inplement and maintain a) high-coverage

i mruni zation prograns and b) effective surveillance systens all

over the worl d.

The purpose of this paper is to review the progress and the

remai ning problens in these two key areas.

2. BACKGROUND

For many years, polionyelitis was considered to be primarily a
probl em of highly devel oped countries. In the past 2 0 years,

however, a nunber of studies have shown that polionyelitis is a

wor | dwi de problem The preval ence of | aneness due to

polionmyelitis in children in devel oping countries is on the order
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of 5 cases per 1000 popul ation (5, 37).

The initiative for the gl obal eradication of polionyelitis is
bei ng coordi nated by the Expanded Program on | mmuni zation (EPI),
established by the Wrld Health Assenbly in 1974. One initia
goal of the EPI was to provide inmunization services by 1990 to
all the children of the world during the first year of life

agai nst di phtheria, tetanus, pertussis, neasles, tubercul osis and
polionyelitis (14). The WHO has coordi nated the i nmuni zation
prograns, organi zed vaccine delivery and i nproved the cold chain

systemin its nmenber countries on all continents (29).

In 1974, inmmuni zation coverage in devel oping countries was
estimated to be less than 5 percent with vaccines distributed by
the EPI. According to data reported to the EPI as of August 1991,
83 percent of children were receiving three doses of diphtheria-
pertussis-tetanus (DTP) vacci ne and 85 percent were receivVving
three doses of trivalent oral poliovirus vaccine (TOPV) in the
first year of life. The EPI estimates that in 1990 i nmuni zati on

prevented a total of 442,000 cases of paralytic polionyelitis

C AL =1 - i

The nost prom sing evidence that polionyelitis can be eradicated
cones fromthe Americas. In May 1985, the Pan Anmerican Health
Organi zation adopted the goal of eradicating the indi genous
transm ssion of wild-type poliovirus in the Americas by 1990. In
the first 38 weeks of 1991, only seven cases of polionyelitis in

Latin Anerica were confirned —six in Col onbia and one in Peru

(14). Current trends indicate that the entire Wstern Hem sphere
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may soon be free of indigenously transmtted paral ytic

polionyelitis (27).

Circulation of polionyelitis worl dwi de has probably decreased
al so. In 1990, 113 countries reported zero cases of polionyelitis

conpared with 74 countries in 1985. This was acconpani ed by a

decrease in the nunmber of countries reporting nore than 10 cases
per year (64 in 1985, 44 in 1989 and 26 in 1990) (43).

Endeni c polionyelitis at the end of 1980s is restricted to
devel opi ng countries in Asia and Africa, but, according to WHO
it is still responsible for nore than 200, 000 new paral ytic cases

annual ly (29).

3. | MVUNI ZATI ON COVERAGE

3.1. Progress in increasing i mmunizati on coverage..

As a guide for planning, four stages in the progress of a country
towards eradi cati on have been devi sed. These stages refl ect the
status of the overall EPI and its ability to undertake speci al

polionyelitis activities (1):

Stage A. The country has a reliable reporting system has
reported no indigenous case of polionyelitis for the last 3 years

and has achi eved polio i nmuni zati on coverage of 80% or higher.

Stage B. The country has reported fewer than 10 cases per year

for the last 3 years and has achi eved polio i mmuni zati on cover age

of 50% or hi gher.
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stage C. The country has reported 10 or nore cases of
poliomnyelitis per year and polio imunization coverage is 50% or

hi gher.

Stage D. There are 10 or nore cases of poliomnmyelitis per year or

t he nunber is unknown, and polio inmunization coverage is |ess

t han 50% or is unknown.

As of the end of 1990, nost (68 percent) of the world's

popul ation lived in areas considered to be in stage C. Twenty-
four percent were living in areas considered to be in stage A or
B, and 8 percent were living in areas considered to be in stage D

(14) (cf. annex 2).

O the 18 countries/areas wth OPV3 coverage of |ess than 50% and
with a high risk of polionmyelitis, 14 (78% are in the African
Region (43). It is not surprising that regions with the highest
i nci dence of polionyelitis and the | owest coverage of anti-polio
i mruni zations coincide with regions having poverty and deficient

organi zation of the primary health care system (29).

3.2. Polionyelitis eradication: required inmunization coverage.

The imedi ate target of EPI is to achieve a minimumof 8 0 percent
vacci ne coverage anmong i nfants by their first birthday in each
district in all countries (44). Based on the experience in

devel oped countries, the admnistration of polio vaccine to a

hi gh proportion of children under one year of age will be the

most crucial step in the initial phases of eradication (5). The
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exact | evel of coverage needed is unknown but is certainly in
excess of 80% Countries in which polionyelitis has been

elim nated have typically achi eved coverage on the order of 90%
(5). Interrupting the transm ssion of wild poliovirus may require
coverage levels in excess of 80 percent especially in areas of
hi gh popul ati on density (1) and where environnental sanitation is

not good (32).

Most epi dem ¢ nodel s suggest that when a hi gh enough proportion
of immunes is reached, herd immunity will protect the remai ning
suscepti bles. Although the exact level of imunity required is
not known, it is clear that the greater the | evel of
susceptibility, the nore likely that epidenic (or endemc)
transm ssion night be established (23). Futhernore, the risk of
transm ssion nay i ncrease by the coincidence of areas of | ower
coverage (e.qg, ininner cities) with areas of higher exposure to

wild poliovirus (23).

Pol i onyelitis outbreaks have been reported fromdifferent areas
in the world where i mmuni zati on coverage | evels were fornerly
regarded as sufficient. Several incidents in the "relatively
polio-free regions” indicate the ease with which the apparently
good vacci ne-i nduced "herd i mmunity" can be disturbed (29). In
1978 nore than 100 patients fell ill with polionyelitis in the
Net herl ands. Al patients belonged to a religious sect that had
refused all vaccinations. However, the wild type 1 poliovirus
responsible for this outbreak al so spread to the vaccinated

"nornmal " popul ati on. Furthernore, through overseas contacts
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bet ween nmenbers of the sect, the sane genotype of type 1
poliovirus spread to the USA and Canada and gave rise to cases of
paral ytic polionyelitis in these countries as well (29)

An out break conprising 9 paralytic cases and at | east 100, 000

i nfected persons in a vacci nated popul ati on took place in Finland
in 1984-1985. The type 3 poliovirus circulated widely in the
popul ati on and was apparently able to sel ect persons who had
remai ned unvacci nated (29).

In 1988 an outbreak of polionyelitis involving 16 cases and
caused by a type 1 virus occurred in Israel (29).

In these three situations, a high i nmuni zati on coverage did not
prevent wild poliovirus fromspreading in the community. Severa
factors may have contributed to these outbreaks, these are: a)

t he excl usive use of inactivated poliovirus vaccine (I1PV) which
does not confer intestinal immunity (29), b) the relatively weak
i mmunogenicity of the I PV preparation used (29), c) the antigenic
difference of the epidemc strain fromthe type 3 strain in |IPV

(29), and d) the identification of specific subpopul ations as

reservoirs of infection.

I ncidents occurred also with Oral Polio Vaccine (OPV)-i mmnized
popul ations. In the West Bank and Gaza, during the 1970s,

i muni zation using live TOPV covered nore than 90% of the infant
popul ati on. Neverthel ess, the incidence of paralytic polio
continued to be high (9). In Taiwan, an epidem c involving nore
than 1,000 paralytic patients occurred in 1982 (29). These

epi sodes as well as the nore recent one in Ganbia i ndicate that

an overall OPV coverage of 80% does not necessary protect the
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popul ati on from out breaks of polionyelitis. Apparently, pockets
of | ower coverage of inmunization can maintain the circul ation of
wild strains of poliovirus (29). O her factors may contri bute to

the persistance of wild polioviruses in community (c.f. 3.5.).

Al t hough these incidents have inportant inplications for the
WHO S initiative to eradicate polionyelitis globally, it is clear
that a) nmi ntai ni ng OPV coverage to greater than 80% by 1 year of
age is essential in countries that have substantially reduced or
elimnated wild poliovirus infection (10,18), and b) raising and
mai nt ai ni ng OPV coverage to this |level or higher is the nost

i mportant strategy to control polionyelitis in the countries

where the disease is still endem c.

3.3. Strategies of inmunization coverage.

Hi gh i nmuni zati on coverage can be achi eved by different
strategies. It may be acconplished through strong enphasis on
routi ne admi nistrati on of TOPV vacci ne by the pernmanent health
services and through the observance of national "inmunization
days" twice a year, one nonth apart. Mobile strategy

(i mruni zation in villages by nobile teans) is another effective
conplenent (18); it is sonetines used in countries where the
health care structure density is particularly low. In countries
where effective surveill ance identifies fewer than 50 cases of
polionyelitis per year, house-to-house i nmuni zati on—so call ed
nmoppi ng-up i mmuni zati on—+s an i nportant part of pronpt

intervention in areas where cases are identified (14).
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Routi ne i mmuni zati on.

The dose at birth, also called "OPV zero" is particularly
inmportant in cities and in other areas with high popul ation
density (1). TOPV is the recomrended vacci ne because of its | ow
cost, ease of adm nistration, superiority in conferring
intestinal inmunity, and ability to i nfect household and

community contacts, thus extendi ng vacci ne cover age.

Progranmmes enpl oyi ng routi ne i mmuni zati on schedul es have al ready
br ought about dramatic reductions in paralytic polionyelitis in
several devel oping countries (5). Furthernore, these programmes
are an integral part of, and strengthen, basic health services.
Thi s support is particularly inportant in npost of the poorer
countries where major nortality from neasles, nalaria,
gastroenteritis, pertussis and tetanus still exists. Because the
vaccine is delivered as part of the MCH services, a greater
continuity of followup is assured, and all the MCH activities
benefit. At the sane time, the integration of immunization into
the primary health-care services increases their acceptability
and use by the comunity and opens the way to progress in the

ot her el enments of care, including environnental sanitation (33).

However, inprovenents in health-care services are often slow and,
in many devel opi ng countries, routine health services have been
shown so far to be inadequate to achieve satisfactorily high

| evel of vaccine coverage. Therefore, a special strategy,
specifically, the use of National Vaccination Days has evol ved.

The nost dramatic exanple of this approach has been in Brazi
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(5).

Nat i onal Vacci nati on Days,

In the late 1970s it becane apparent that routine health services
in Brazil would not be adequate to neet the goal of EPI
Consequently, it was decided to enbark on an accel erated strategy
t hrough the use of national vaccination days: two per year at

| east 4 weeks apart, to vaccinate as many children younger than 5
years of age as possible, regardless of their vaccination status
(16). These activities were proposed to supplenent the routine

i mruni zati on program through regular health services. After 4
years of highly successful efforts against polio, diphtheria-
pertussi s-tetanus toxoids and neasl es vaccine were added to the
nati onal vaccination day in nost parts of the country in 1984
(16). Since 1984, all polio endem c countries in the western

hem sphere have successfully adopted this strategy (16). A
simlar, but nore regional approach called "pulse" immunization

has al so proved to be successful in India (5).

It is not known yet if the National Vaccination Days strategy is
successfully exportable to African countries. Cultura
particularities, logistic issues, and the exi stance of conflict
zones shoul d be taken into account when establishing suitable

i nmuni zati on cover age prograns.

It is inportant that inmunization canpai gns be always careful ly

articulated to health-care services and be considered as a
tenporary inmunization strategy. Dr. R Henderson of the Wrld

Heal t h Organi zation expressed concern that |arge, intensive, short-

10
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lived canpaigns could drain the resources and the attention
of the authorities and the public fromthe | ess gl anourous, but

in the long run necessary, sustained health program (37).

Accordi ng to Robinson (33), the canpai gn approach, as a long-term
strategy ,may be politically unattractive, adm nistratively

difficult, and econonically extravagant. Furthernore, the success
of the canpaign strategy could decrease after sonme years because
the public attitude toward vaccines in those countries where they

have been nost successful is often one of apathy (33).

3.4. I nmuni zati on coverage costs and political wll.

The d obal Polionyelitis Eradication Programis currently facing
two maj or issues: an increase in the estimted costs of

eradi cation and a stagnation in the partners' political will.

In 1988, the Wirld Health Organi zati on estimated the total cost
of the gl obal eradication effort from 1989 to 2000 to be $155
mllion nore than the anpbunt needed for routine activities of the
EPI (14). In the light of the experience in the Anericas, these
estimtes are being revised. Depending on the quantities of polio
vaccine required in excess of the routinely schedul ed doses, the
total cost may be as nuch as 10-fold higher (14). It is inportant
to add the qualification that the estimtes do not include the
cost of sustaining high | evels of inmunization coverage in
devel opi ng countries. These latter costs total sone $ 1 billion
per year and are borne in |arge part by the devel oping countries

t hensel ves, particularly the costs of personnel (14).
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Furthernore, since experience showed that poliovirus could
successful ly infect unvaccinated individuals in the face of OPV

i mmuni zation levels in the general community of approximtely 80%
(Tai wan, 1982), higher inmmunization |evels could be needed in
order to interrupt wild poliovirus transm ssion. The cost of this
increase in coverage will probably be high because one percent of
coverage gai ned above 80%is nuch nore expensive than one percent
gai ned around 50% This is because special strategies are

necessary to reach the last fraction of the popul ation once high

| evel s of coverage are achieved.

Econom ¢ and social research is also needed to provide
informati on on costs, and to provide the nmeans to understand how
best to design and inplement control programmes and identify and

overconme obstacles to their effectiveness (28).

According to Creese (34), there are just three potential sources
of increased econom c support for inmunization: domestic econom c
growh, a shift in priorities for donmestic expenditure and
foreign aid.

Economi c growth will occur in sone devel oping countries, and sone
of it will allow an expansion of primary health care, but the
poorest countries are likely to experience little if any rea
growth of per capita incone in the next decade (34) . Per capita
i ncome of the 4 0 poorest countries has declined over the past
five years and the percentage of national budgets spent on health
has been unchanged or has dimnished for eight years (28).

The second source of funds, donestic expenditure priority shift,
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is unlikely because polio immunization alone is not apriori the
top priority for increased resource allocation in nost devel opi ng
countries. There has been a scaling exercise in which
polionyelitis was assessed together with a long list of other

di sease problens. In 1981, the Ghana Health Assessnent Project
Team ranked 48 di sease problens in that country in terns of
econoni ¢ burden (34). Their cal cul ati ons took account of
estimated incidence, case fatality rate, age at death, and | evel
and pernmanence of disability for each di sease. Overall,
polionyelitis in CGhana ranked 3 3rd of the 48 di seases consi dered
(34). Malaria and neasles were at the top; and tubercul osis,
neonatal and adult tetanus, typhoid, and pertussis were all in
the top 25.

It should be added that since the tinme of this study, several new
public health problens have tended to drain the resources and the
attention of the authorities. Among them are the resurgence of
chol era, the increasing incidence of sexually transmtted di sease
and t he appearance of the Al DS pandeni c.

Foreign aid clearly favors inmunization, doubtless partly because
of the visibility of its results (34). However, in international
organi zations, there is a great anount of conpetition anong the
exi sting health progranms for the limted public health resources
avail able (32). These resources are |imted for a variety of
reasons, including the fact that aid contri butions of the
governents of industrialized countries to gl obal devel opnent are
wel | bel ow the amounts previously prom sed (0.7% of the National

Pr oduct) .
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Recently, however, other sources of financial aid have hel ped

of f-set the shortfall in aid fromgovernnmental sources. By 1988,
Rotary International, had raised over US$ 219, 000, 000 i n support
of polionyelitis eradication. Rotary has provided over 82 nations
with financial aid for vaccine prograns, in addition to

participating directly in local inmunization canpaigns (27).

3.5. Does coverage nean protection?

As i nmuni zation coverage levels inprove, it will be increasingly
inmportant to evaluate the efficacy of TOPV and the i muni zation
schedul es currently in use. Although the protection conferred by
i muni zation is very high under optinal conditions, it seenms to
be influenced by different factors such as: choice of vaccine,
use in devel oping countries, vaccine thernolability and quality
of the cold chain, dosage of vaccine, optinmal intervals between

doses, and fidelity to the recommended i mmuni zati on schedul e.

Both I PV (inactivated poliovirus vaccine) and OPV (oral

pol i ovi rus vacci ne) have been successful in controlling
poliomyelitis in the USA and ot her devel oped countries. A primary
series of either 1PV or OPV generally induces seroconversion
against all three virus types in nore than 90% of recipients.
Avai |l abl e evi dence i ndicates that the resultant clinical
protection is long-lasting, and probably lifelong (5). However
OPV offers two inportant advantages over IPV. a) it can spread to
cl ose contacts of the vaccinee--virtually all OPV recipients

excrete vaccine virus— thereby extending protection, and b) it
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often induces |ocal intestinal imunity, which inpedes the
ability of the recipient to spread wild poliovirus on subsequent
exposure (5). The nucosal inmmunity obtained by parenteral

i muni zation with killed virus is far below that follow ng
poliovirus infection, whether natural or OPV-derived (29). Sone
i nvestigators have suggested that 1PV mght also be able to

i nduce a good nucosal immunity, because polio-specific secretory
lgA is detected in saliva and breast m | k. However, IgAis
probably only a part of the system responsible for the
elimnation of polionyelitis fromthe body (29). Thus, OPV is
nmore effective than IPVin limting wild virus transm ssion; it
can conpete with wild poliovirus for circulation whereas |PV can

not conpete in this way (23).

Usi ng deci sion analysis, H nman (23) cal cul ated that nore
suscepti bles would be present in USA if | PV was used. Because of
| ack of "extended protection”, nore cases of paralytic
polionyelitis would result (74.1 vs 10.0 cases per year) (23).

Wth the OPV alternati ve, nbpst cases woul d be associated wi th

vacci ne, whereas under the I PV nodel virtually all cases would be

due to wild virus (23).

On the other hand, a conbi ned schedule of OPV and I PV is al so
bei ng used or considered in sone countries, particularly in view
of the success of the strategy in the Gaza strip (5,9). The

conbi ned use of IPV and OPV is probably a perfect conbination,
since OPV confers a good nucosal immnity and PV results in

seroconversion to all three serotypes. However, the relatively
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high price of this programw |l certainly delay its w de
acceptance (29). The cost of IPV remains relatively high
(approximately 3 O tines that of OPV), and its adninistration

reguires nore highly trai ned personnel than does OPV (5).

VWil e OPV has been highly effective in industrialized countri es,
its performance in sone devel opi ng countri es has been

consi derably | ower than expected (5, 14, 19, 27, 28), Sever al

i nstances of failure to seroconvert after receipt of three doses
have been reported. The rates of seroconversion are suboptimal.
Thirty-two studies in 15 devel opi ng countries eval uated the
response of 2 0 or nore children to TOPV as fornulated by Wrld
Heal th Organi zati on. There was wi de variation in the percentage
of seroconversion, with mean rates of only 73 % (range, 36% 99%
for poliovirus type 1, 90 % (range, 71%99% for type 2 and 70 %
(range, 40% 99% for type 3 (14,27). Qutbreaks related in part to
such circunstances occurred in north-east Brazil and the Ganbi a
in 1986. They occurred also in Taiwan (1982) and Orman (1987) in

spite of successful imunization prograns (5, 18).

Different factors nmay contribute to the | ow i munogenicity of OPV

in tropical devel opi ng countries, and these are di scussed bel ow.

a) Vacci ne potency.

There is a di screpancy between the potency of the vacci nes used
in the United States and those used in other countries (19). The
requirenents set forth by the Expert Committee on Biologic

St andar di zati on, WHO, are that each dose of TOPV contain, at

m ni num 10exp6 50% ti ssue culture infectious doses (TC D50) of

16
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type 1, 10exp5 of type 2, and 10exp5.5 of type 3, with a titer
95% confidence limt within +/- 0.5 log unit. Lots prepared for
the use of EPI in nany countries neet but do not greatly exceed
t he m ni mnum VWHO st andard. The manufacturer for the United States
routi nely exceeds the mni numrequirenent by at least 0.6 |ogs. A
recent potency test showed a i ncreased potency of 3 00% 2 50% and
700% for types 1, 2, and 3, respectively, conpared with the TOPV
used in the EPI (19). This discrepancy in potency nmay sonetines
contribute to the lower rate of seroconversion in devel opi ng
countri es. However, sonewhat contradi ctory evi dence was reported
by investigators in India, where there was no i nprovement in

i mmunogenicity with a twofold increase in dose (19).

b) Vacci ne formnul ati on.

It was recogni zed very early in the devel opnent of Ilive
attenuat ed vaccines that the three i ndependently derived Sabin
types had different growth characteristics. Specifically, type 2,
when adni ni stered in conjunction with types 1 and 3, tended to
exclude infection by the other types (19). "Bal anced"
formul ati ons were | ater devel oped as a neans of conpensation for
t hese di fferences and were shown to effectively increase rates of
seroconversion to types 1 and 3 (19). The "bal anced” 10:1:3
formul ati on has been successful in industrialized countries but
may be not optimal for devel oping countries. Changes in the
rati os of the three conponents nmay prove to be an effective way
of enhanci ng the i mmunogenicity of TOPV, particularly of type 3

(19).

/f
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c) Vaccine stability.

TOPV is the nost thermally labile of all vaccines used in the EPI
and is chemcally stabilized with nmagnesi um chl ori de or sucrose
to mnimze | osses in potency when exposed to high anbi ent

tenperatures. Studies sinulating actual field conditions indicate

that the overall potency of TOPV is reduced by as nuch as 0.5

| ogs after storage at 41°C for 1 day (19). Breaks in the cold
chai n and suboptimal practices of vacci ne handling have been the
nost conmon reasons cited for failure in tropical areas (13, 19).
However, inproved training and supervision of EPI staff, coupled
wth rapid technol ogi c advances in ensuring proper storage
tenperatures for TOPV have led to fewer docunented failures of
the cold chain over the past decade (19). Furthernore, relatively
| ow rates of seroconversion have been reported in spite of

optimal conditions for vacci ne handling (19).

d) Interval between doses.

Studi es of excretion patterns of vaccine virus foll ow ng

adm ni strati on of nonoval ent and trivalent OPV indicate that
excretion can occur for up to three nonths, with a nedian of 21
days. Because of interference anong the three conponents of TOPV,
it is likely that continued excretion of virus could interfere
with the response to subsequent doses (19). Data from devel opi ng
countries suggest that the 4-week interval between doses
recommended by EPI nmay play sone role in suboptinal
seroconversion rates (19). Studies are being undertaken by the

EPI to determ ne the optimal interval between doses (14).

1/\
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e) Adherence to the recomended i mruni zati on schedul e.
In countries with endenic polionyelitis, EPI recommends that TOPV
shoul d be adm nistered at birth and at 6, 10, and 14 weeks of age

(14).

Reported i nmuni zati on coverage data are sonetines based on the
nunber of delivered doses wi thout taking into account the date or
schedul e of vaccine adm nistration. Al children having received
three doses of OPV are consi dered covered. However, the
reconmmended i nruni zati on schedul e, and particularly the intervals
bet ween doses, nay not be fully respected. This situation
conbined with the suspicion that the recommended 4-week i nterval
may be too short and hence sub-optimal nmay partly explain | ow

responses in sone devel opi ng countri es.

Thi s aut hor and his coll eagues conducted an i nmuni zati on cover age
survey in a rural African district in October-Novermber 1990,
usi ng the standard procedure reconmmended by WHO (unpubl i shed
data). A sanple of thirty clusters of 7 infants from 12 to 23
nont hs of age had been randonly sel ected from t hroughout the
district and visited. Coverage data, including the date of each
vacci ne adm ni stration were collected only fromhealth charts.
The results indicated that 70.5 percent of the children had
received the 8 doses recommended agai nst the 6 EPI di seases (cf
annex 3,4). However, if the EPI vaccine schedule is taken into
consi deration, only 51 percent of the children were correctly

i mmuni zed, and only 4 O percent were correctly inmuni zed before 1

year of age. Twenty-eight of the 161 children "conpletely"

1/\
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i muni zed against polio (17% were vaccinated incorrectly with
respect to date. The nunber of incorrect inmunizations was higher
for polio vaccine (28) than for the others (DTP: 24; Masl es: 23)
(cf annex 5).

Sim | ar discrepanci es between the percentages of children

"conpl etely" versus "correctly" immuni zed were found in an other
provi nce. Such failure to adhere to inmunization schedul e may
contribute to suboptimal OPV i nmunogenicity in devel opi ng
countries. Intense training and supervision of the health workers
could increase dramatically the performance of the program
Furthernore, it would be highly cost-beneficial since vaccines,
cold chain and public confidence and notivati on are al ready

acguired (cf annex 6).

This survey al so indicates that 10 percent of the children on at
| east one occasion received a DIP dose wi thout polio dose. The
most reported reason was shortage of polio vaccine. Data

anal yses showed that when a polio dose is mssed but a DITP dose
is adm nistered, there is a 60% chance that the polio dose wll
never be (correctly) given. These findings suggest that inproved
managenent of polio vaccines could easily contribute to increased

i nuni zati on cover age.

Anot her finding of this survey was that an appreciable proportion
of the children could be immuni zed earlier in the first year of
life (cf annex 7). Only twenty five percent of the children are
conpl etely inmuni zed agai nst polio before the age of 20 weeks, 50

percent before the age of 3 0 weeks and 7 5 percent before the age
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of 1 year.

SURVEI LLANCE

In addition to achieving and naintai ni ng hi gh i muni zation

| evel s, the devel opment of effective surveillance systens for
wld type viruses in the population and community will be
critical. Such systens are essential to define the extent of the
probl emand to guide control efforts (5). Standard techni ques
wi |l be needed to survey for the wild poliovirus in the

envi ronnent, and once the disease is under control, to establish

t he absence of virus circul ati on.

4. 1. Disease surveill ance.

To obtain critical information on polionyelitis, the surveillance
system shoul d involve all institutions and nmedical -care providers
who are likely to see suspected cases of polionyelitis, and

i nvol ve regul ar (including negative) reporting fromeach site
(5).

As a result of EPI's increased enphasis on the tinely and

conpl ete collection of data, reporting of poliomyelitis cases has
i nproved at the global level, as well as in many individual
countries (43). In Cctober 1991, 100% of countries reported 1990
data in 3 WHO Regions (the Region of the Anericas, the European
Regi on and the Sout h-East Asia Region). Reporting conpl eteness
inproved in the remaining 3 Regions: 62% of countries in the

African Region, 83%of countries in the Eastern Mediterranean
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Regi on and 97% of countries in the Wstern Pacific Region (43).

Al t hough countries pursuing a goal of eradication are building
active surveillance systens for polionyelitis cases, npst
countries still rely on passive surveillance systens. Passive

systens are likely to detect only a small fraction (sonetines

|l ess than 10%9 of the cases that occur (43).

In the Americas, however, the devel opnent of effective

surveill ance systens has permtted strategies for control to
evol ve in response to changes in needs. At present, 80 percent of
the nearly 20,000 health facilities in the regional system of

polionyelitis surveillance are reporting weekly on the presence
or absence of flaccid paralysis (14). Uniform case definitions

have been adopted by all countries of the region.

Case definition:

A clear case definition of polionyelitis is essential for
surveil l ance. For reporting purposes, EPlI suggested the
foll owi ng

A case of polionyelitis is defined as any patient with acute
flaccid paralysis (including any child |l ess than 15 years of age

di agnosed with CGuillain-Barre syndrone) for which no other cause

can be identified.

However, other conditions can cause paralysis and can be confused
wth polionyelitis. Sonme infections due to other enteroviruses
have the capability to mmc polionmyelitis. An epidem c of seven

hundred and five cases due to enterovirus 71 occurred in Bulgaria
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in 1975. Synptons observed included gastroenteritis, aseptic
meningitis, encephalitis,and nyelitis with 149 cases of paral ysis
and 44 deaths (37). Enterovirus 70 and coxsackie viruses A7, Bl,

and B5 have also been inplicated in acute flaccid paral ysis.

Because acute flaccid paralysis has nultiple causes, |aboratory-
based surveillance systens nust al so be devel oped, at |east on a
regional basis, in addition to the clinically and

epi dem ol ogi cal | y based system (5, 22).

Laboratory isol ation.

Laboratory isolation of wild poliovirus fromthe stools of
children with AFP is necessary for confirmation of wld
poliovirus transmssion (22). Established techniques for the

di agnosi s and surveillance of poliovirus infections rest entirely
on cell culture isolation of virus (27). It should be possible to
devel op nodern sol i d-phase i munoassays for diagnosis of past and
recent poliovirus infections. Solid-phase i munoassays have the
potential to be both inexpensive and suitable for use by
mnimally trained individuals in the field (27). Presently, the
recommended approach is to send specinmens by cold chain to the
cl osest reference |aboratory. The nethod for sanpling and
shipping is explained in the Manual for the Virol ogica

| nvestigation of Polionyelitis published by the Wrld Health

CO ga&Sanmi =mZ at i1 oo

In the Anericas, about 80 percent of the patients with reported
cases are being seen by trained epidem ol ogi sts who col | ect two

st ool specinens fromeach patient and one specinen from each of
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five contacts. In 12 nmonths in 1991, stool sanple from 1860
patients with flaccid paralysis were submtted to a network of
eight laboratories for poliovirus isolation (14). During 1991,
only nine AFP cases out of over 2 000 reported cases of AFP were

confirmed by culture as polionmyelitis caused by wld-type

poliovirus (22).

According to Sabin, The extensive use by PAHO of highly

sophi sticated regional virus |aboratories has led to the
recognition that, in areas fromwhich polionyelitis caused by
polioviruses has been largely elimnated, there are thousands of
cases of acute flaccid paralysis, previously clinically diagnosed

as "probable polionyelitis", that have no viral etiology (40).

The mai ntenance of such a | aboratory network requires trained

staff, a reliable transport system and |aboratories wth

reliable diagnostic capabilities (14).

4.2. Mol ecul ar epidem ol ogi cal surveillance.

Because a high proportion (>99% of poliovirus infections are
subclinical, the standard epi dem ol ogi ¢ techni ques of case-
contact investigations are often unable to reveal the origins of
wild viruses. Ml ecular nethods, based primarily on conparison of
pol i ovirus genom c sequences, and the recognition that genetic
rel atedness inplies epidemologic |inkage, offer a powerful,

I ndependent approach for epidemologic surveillance (6, 10).

Pol i ovirus genomes experience rapid variation upon replication in

humans. The average rate of fixation of nmutations over the entire
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genone is about one to two nucleotide substitutions per week ,
and nost of these nmutations are fixed cunulatively (6,10). The
extent of sequence divergence between related wild poliovirus

i sol ates provides an approxi mate nmeasure of the nunber of
intervening infections separating the cases (10). Furthernore,
epidemcity coul d be distinguished fromendemcity by neasuring
the extent of sequence heterogeneity anong contenporary isol ates

wWithin a country or region (10,41).

Three nethods are used for characterizing poliovirus isolates and

they are summari zed bel ow.

1. Genom c Sequenci ng.

Conpari sons of selected genomc regions, representing as little
as 2% of the total RNA, provide detailed information on the
genetic relationshi ps anong polioviruses. The VP1/2A (90

nucl eotides from VP, 60 from 2A) regi on has been selected for

poliovirus partial genom c sequencing (10).

2. digonucl eotide Fingerprinting.

Fingerprints are usually produced by digestion of the viral RNA
with ribonucl ease TlI, and el ectrophoretic separation of the
resulting fragments. This resolves into patterns of spots highly

characteristic for each RNA sequence (10).

3. DNA Probe Hybridization.

This is a rapid and sinpler nmethod for determ ning sequence

honol ogi es within defined genom c intervals, but one should know

in advance the genotypes that nmay be present (10,29). It is

&S
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l'i kely that probe hybridization in conbination with polynerase
chain reaction (PCR) will find wi de application in virus
di agnostics (10). PCR may achieve highly sensitive detection of

specific viral genoni c sequences.

Recently, genom c analysis indicated that the poliovirus
responsible for a large outbreak in a devel oping country with
hi gh i mruni zati on coverage was an inported and not an indi genous

poliovirus strain (Oman 1989) (18). This incident highlights the

need for mai ntenance of high i muni zation | evel s and surveill ance

for polionyelitis, even in countries that have substantially

reduced or elimnated wild poliovirus infection (18).

4.3. Environnental surveill ance.

4.3.1. Polioviruses in the environnent.

Nunerous studi es have readily denonstrated the presence of
polioviruses in sewage. Polioviruses multiply primarily in the
alimentary tract and are excreted in substantial anmounts (as nmany
as | Cexpl O per gram of feces) for varying periods of tine, with a
nmean sheddi ng period of up to 50 days (39). At present in
countries in which live poliovirus is widely used, the excreted

polioviruses are usually vaccine-derived (39).

Polioviruses, |ike other enteroviruses, survive relatively well

outside the human body. There is circunstantial evidence

suggesting survival for several nmonths or even years in sewage,

at least in tenperate climates (4,29). Recent studies also
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denonstrated that enteroviruses may mgrate through soils and

possi bly contam nate groundwater supplies (12). Recently,

enteroviruses were recovered fromwells |ocated as nuch as 67 m
down gradient froma donmestic subsurface wastwater treatnent

systens, indicating extensive mgration of enteric viruses in

soil (12)

Different factors may influence virus survival in the

environnent. The effects of these factors are as foll ows.

) Tenper at ur e. -

Tenperature has a considerable influence on virus inactivation
rates in the environnent. The survival tinmes of viruses are
shorter at high tenperature. Thus, viruses are likely to persist
| onger in the environnent during the colder nonths of the year
(12). For exanple, the period of time for 99% i nactivation of
poliovirus type 1 fromseptic tank affluent in a sand type soi
has been reported to be approximately 416 days at 1-8°C versus 27

days at 20-25°C (12).

b) Soil noisture.

Soi |l noisture also influences virus survival in soils. Authors
have reported nore rapid virus inactivation in dried than in wet
soils. Poliovirus type 1 inactivation was considerably nore rapid
in drying soil as the noisture content decreased from 13 to 0.6%
than in the same soil type maintained at 15 or 25% noi sture
content. | nactivation of 99% of the initial viruses occurred
within 1 week in drying soil but took 7 to 8 and 10 to 11 weeks

in soils wth 25 and 15% noi sture content, respectively (12).

2>
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c) Soil nmicrobial activity and related chenical activity.

Soil mcrobial activity and perhaps related chem cal activity due
to mcrobial enzynmes and ot her chenicals appear to decrease virus
survival in the environnent (12). In studies by Sobsey et al.(Il)
on rates of poliovirus inactivation in eight different soi
suspensions in settled sewage at 20°C, the tinme required for 99%

i nactivati on was al nost al ways shorter in nonsterile than in
steril e suspensions. A tenperature effect on mcrobially nediated

antiviral activity also was reported (12).

d) Effects of ionic salts and pH

Direct effects of different pH and salt |evels on virus survival
i n aqueous sol utions have been reported, and simlar phenonena
may occur in the soil environnment (12). Poliovirus type 1 was
inactivated nore rapidly at the pH extrenes of 3 and 9 than at
the internediate pH levels of 5 and 7. Virus inactivation rates
al so increased with increasing concentration of Nadl, and the

effect was nbst pronounced at pH 3 (12).

e) Soil type, virus association with soils, and virus

aggr egati on.

The associ ation of viruses with soil particles enhance or reduce
their survival, depending on the chem cal properties of the soi
material. A number of investigators have observed that virus
absorption to soil particles prolongs their survival (12).
Recently, poliovirus 1 has been found to survive up to 19 days in
seawater with sedi nents or suspended solids added, while no virus

was detected after 9 days in seawater without particulate natter

22
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(12).

Virus aggregation tends to enhance the survival of viruses
exposed to various antiviral agents, and this phenonmenon has been
extensively studied in chem cally defined sol utions contai ni ng
purified virions and known quantities of specific disinfectants.

The results of studies in water showed that virus aggregates

survi ve better than dispersed viruses (12).

4.3.2. Role of polioviruses surveillance.

The detection of poliovirus in sewage has been successfully used
to nonitor virus excretion during outbreaks and vacci nati on
canpai gns (29). During an outbreak of paralytic polionyelitis in
Finland in 1984 and 1985 the w despread circul ation of the
causative wld-type serotype 3 poliovirus in the popul ati on was

docunent ed by denonstrating the virus in water specinens (4).

Sewage water analysis also turned out to be a useful tool in
evaluating the efficacy of a nationw de vacci nation canpaign with
oral poliovirus vaccine (4). The efficacy of the vaccination
canpaign in regard to elimnation of the epidemc type 3 strain
was evaluated by a follow up study on viruses in sewage waters
whi ch continued for 12 nont hs through the subsequent expected
season of polionyelitis. Several types of enteroviruses,
including five vaccine-related poliovirus strains, were
identified in the 72 virus-positive specinens out of 93 studied.
No wi | d-type polioviruses were found, indicating the success of

t he canpai gn (4).

26
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Prior to the wi despread use of OPV, routine screeni ng of sewage
for poliovirus during nonepidenic periods has al so been

consi dered a useful tool to detect an energi ng outbreak (29).
However, in spite of the fact that polioviruses are detected in
hi gh nunbers in sewage and sewage-polluted waters, polionyelitis
out breaks attributed to poll uted water have been very rare. A
total of eight outbreaks in Europe and North America had been
reported, but only one of them was adequately docunented. This
occurred in Huskerville, Nebraska in 1952 at which tine at | east

45 becane ill after contam nation of the |ocal water system (39).

At advanced stages of polionyelitis control, when vacci ne
coverages are high, very feww ld poliovirus infections may
result in paralytic cases. Under these conditions, standard case
surveill ance and characterization of clinical isolates may not be
sufficiently sensitive to detect continued circulation of wld
poliovirus (10). It may be possible, through environnental
sanmpling, to detect w despread subclinical wild virus infections,

signaling the need to nobilize further control neasures.

At the final stage, a critical line of evidence for certification
of eradication of indigenous wild polioviruses will be the
consistent inability to detect their presence in either clinical

or environnental specinens (10).

4. 3. 3. Research needs,

In spite of inportant progress in environnental sanpling and

anal ysis, several technical problens are yet to be sol ved and
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further research i s needed.

a) An inportant research need is how to denonstrate the presence
of a small proportion of polioviruses anong ot her enteroviruses,
and especially how to detect a mnority of wild-type viruses
anong OPV strains. The existence of small anmounts of wld
polioviruses in specinmens containing relatively high
concentrations of vaccine viruses cannot be excluded so far (4).
PCR may be a successful approach to this problem However, a

di sadvantage of this nmethod is that it nust be known in advance

what poliovirus genotypes are being sought (27).

b) Several sanpling nethods for polioviruses in sewage are
currently in use. Sanpling site, sanpling nethod (grab or
continuous), sanple size, and sanpling frequency should be

st andardi zed. Duration of environnental surveill ance needed after

gl obal di sappearance of clinical cases should al so be consi dered

(2) .

c) The environnmental surveillance nmethods shoul d be adaptable to
different |local situations. For exanple, many cities in the
devel opi ng countries do not have sewage system Sanpling |atrines
may be an alternative, although it is nore conplicated.

Furthernore, it may prove unreliable, since infants often don't

use t hem

3(
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5. CONCLUSI ON.

Many probl enms remain before polionyelitis global eradication can
be acconplished and it is unlikely that the aimw |l be reached

before the year 2000 or even 2010.

The main renmaining inpedinment is probably the difficulty for sone
devel opi ng countries in ridding polionyelitis endemcity by
reaching a high level of OPV inmunization coverage. Obstacles are
numer ous, involving insufficient health budget, |ack of political
will, draining of resources by recent major public health

probl ens (chol era epidemc, sexually transmtted di seases, AIDS
pandem c), undevel oped heal th-care systens, untrained personnel,

and persistence of conflict zones (wars) in sonme parts of the

wor | d.

Primary health-care systens are inproving quite slowy in
several devel oping countries. However, this basic health system
is the best type of health service to take over and maintain the
hi gh i mmuni zati on coverage | evels achi eved, for exanple in the
Ameri cas, by the canpaign i mmuni zation strategies. Tinme and
resources will be needed to reinforce these primary health-care

systemnms in devel opi hg countri es.

Two ot her inportant inpedinents are associated with the

surveill ance of polionyelitis.

a) The disease is still underreported from severa
countries/areas and | aboratory-based di agnosis of polionyelitis

is not yet avail able troughouth the world. The causes nentioned

Vi
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for insufficient inmunization coverage |levels contribute to this

i nsufficient surveillance system

b) The second objective of the global polionyelitis eradication
initiative is to achieve no wild poliovirus identified worldw de
t hrough sanmpling of comunities and the environment (1). Despite
the inportant progress acconplished in environnental poliovirus
sanpling and identification, further research is needed to
standardi ze and to increase the sensitivity of these methods. A
very high of sensivity in identifying wild-type poliovirus
circulation has to be reached, since it will not be possible to
prove the absence of wild-type poliovirus in the environment but
only to estimate the probability of the absence of the wild-type

pol i ovi rus.

Consi dering the inmportance of these remaining problems, it is
l'ikely that a long-term programinvolving activities of research,
survei |l lance and i npl enentati on of inmmunization, planned on a

period of 30 to 40 years, will be necessary before polionyelitis

gl obal eradication can be acconpli shed.

Finally, it is inportant to enphasize that the eradication
initiative nmust renmain integrated with primary health care in

order to maintain its role of |leader in the inprovenent of basic

heal t h servi ces.

13


NEATPAGEINFO:id=C6638C1B-D2A4-4B08-8E67-919B31A024EA


T= WY T Y= ST - Y Y

Ref er ences:
1. Robertson SE, Chan C, KimFarley R, Ward N. Worl| dwi de st at us

of Polionyelitis in 1986, 1987 and 1988, and plans for its gl obal
eradi cati on by the year 2000. Wrld Health Statistic quart. 43,

1990.

2. Report of the WHO NPHI neeting on environnental surveill ance
of wild Poliovirus circulation in Europe. National Public Health
Institute (NPHI ), Hel sinki. Finland. 1991.

3. Martins MI, Scares LA, Marques E, Molina AG Human enteric
viruses isolated frominfluents of sewage treatnent plants in

S. Paul o, Brazil. Wat. Sci. Tech. Vol.15, Capetown, pp.69-73.

4. Poyty T, Stenvik M Hovi T: Viruses in sewage waters during
and after a Polionyelitis outbreak and subsequent Nati onw de
oral poliovirus vaccination canpaign in Finland. Applied and
Envi ronnental M crobi ol ogy. 1988; 54; N°2: 371- 374.

5. H nman AR, Foege WH, de Quadros CA, Patriarca PA, Oenstein
WA, Brink EW The case for global eradication of polionyelitis.
Bulletin of the Wrld Health Organi sati on 1987; 65; N°6: 835- 840.

6. Kew OM Pall ansch MA, Nottay BK, Rico-Hesse R, De L, Yang C F:
CGenotypi c rel ati onshi ps anong wild Polioviruses fromdifferent
regions of the world. New Aspects of Positive-Strand RNA Viruses.
1990; Edited by Margo A. Brinton and Frantz X. Heinz. 52:357-365.
7. Bernier RH Inproved inactived poliovirus vaccine: an update.
Pedi atric infectious D sease. 1986; 5; N°3:289-292.

8. Mel nick JL: Vaccination agai nst polionyelitis: present

possibilities and future prospects. Anmerican Journal of Public

34


NEATPAGEINFO:id=AE6ACF24-E1AA-42DA-86C1-1C324BAE81B3


Heal th. 1988; 78; N°3: 304- 305.

9. Tulchinsky T, Abed Y, Shaheen S, Toubassi N, Sever Y,
Schoenbaum M Handsher R A ten-year experience in control of
polionyelitis through a conbination of live and killed vaccines
in two devel opi ng areas. American Journal of Public Health.
1989; 79; N°12: 1648- 1652.

10. Kew OM Nottay BK, Rico-Hesse R Pallansch MA

Mol ecul ar Epi dem ol ogy of WId Poliovirus Transm ssion.

Applied Virology Research 1990; vol. 2.

11. Sobsey MD, Dean CH, Knuckles ME, and Wagner RA: Interactions
and survival of enteric viruses in soil material. Appl. Environ.
M cr obi ol . 40, 91, 1980

12. Sobsey MD, Shields PA: Survival and Transport of Viruses in
Soils: Model Studies. Rao VC, Ml nick JL: Human viruses in
sedi nents, sludges and soils. CRC Press, Inc 1987, Florida.

13. John TJ: Secteurs prioritaires. Sante du Monde. 1989; dec:
28- 29.

14. Wight PF, KimFarley RJ, de Quadros CA, Robertson SE,

Scott R, Ward NA, Henderson RH Strategies for the gl obal

eradi cation of polionyelitis by the year 2000. New Engl and
Journal of Medicine 1991; 325; N°25:1774-1779.

15. Nkowane BM Wassilak SG-, Orenstein WA, Bart KJ,

Schonberger LB, H nman AR, Kew OM Vacci ne- Associ at ed

Paral ytic Polionyelitis United States: 1973 through 1984.

JAVA 1987; 257, N°10: 1335- 1340.

16. de Quadros CA, Andrus JK, dive J-M Da Silveira CM

35


NEATPAGEINFO:id=E5C506BE-A9B4-4571-9FB2-69F20B504D65


Ei khof PM Carrasco P, Fitzimons JW Pinheiro Mand FP

Eradi cation of Polionyelitis: progress in the Anericas.
Pediatric Infectious D sease Journal 1991; 10:222-229.

17. Eggers HJ, Weyer J : Polionyelitis in Oman. Lancet 1991;
338, N°23: 1330- 1331.

18. Sutter RW Patriarca PA, Brogan S, Ml ankar PG Pal |l ansch MA
Kew OM Bass AG Cochi SL, Alexander J.P., Hall D.B., Suleimn
AJM Al - Ghassany AAK, El-Bualy MS. : Qutbreak of paralytic
polionyelitis in Oman: evidence for w despread transm ssion
among fully wvaccinated children. Lancet 1991; 338: 715-720.

19. Patriarca PA, Wight PF, John TJ: Factors affecting the

i mmunogeni city of oral poliovirus vaccine in devel oping
countries: Review Reviews of Infectious D seases 1991; 13:

926- 9309.

20. Sutter RW Patriarca PA, Suleiman AJM Brogan S, Ml ankar PG
Cochi SL, Al-Chassani AAK, El-Bualy Ms: Attribuable risk of DTP
(D phtheria ant Tetanus Toxoi ds and Pertussis Vaccine)

injection in provoking paralytic polionyelitis during a |arge
out break in Oman. Journal of infectious diseases 1992; 65, N°3:
444- 449.

21. Onadeko MO, Familusi JB: Cbservations on the age and spatia
distribution of paralytic polionyelitis in |Ibadan, N geria.
Annal s of Tropical Paediatrics 1990; 10: 133-138.

22. Andrus JK, de Quadros CA, dive J-M The surveillance

Chal  enge: Final stages of eradication of polionyelitis in the

Aneri cas. ?7?

36


NEATPAGEINFO:id=9F032CF3-CAF5-4201-BB38-7F1028AF598B


23. H nman AR, Koplan JP, Orenstein WA, Brink EW Nkowane BM

Live or inactivated polionyelitis vaccine: an anal ysis of

benefits and ri sks, Anerican Journal of Public Health.
1988; 78, N°3: 291- 296.

24. Salk D. Polio inmmnization policy in the United States: a new

chal l enge for a new generation. Anerican Journal of Public

Heal t h. 1988; 78; N°3: 296- 300.
25. H nman AR, Koplan JP, Orenstein WA, Brink EW Decision

anal ysis and polio inmmunization policy. American Journal of

Public Health 1988; 78; N°3: 301-303.
26. Cockburn WC. The work of the WHO consul tative group on

polionyelitis vaccines. Bulletin of the world Health

Organi sati on. 1988; 66; N°2: 143-154.

27. Lenon SM Robertson SE: d obal eradication of polionyelitis:
recent progress, future prospects, and new research priorities.
Mel nick JL (ed): Prog Med Virol. Basel, Karger 1991; 38:42-55.
28. Bloom BR Vaccines for the third world. Nature 1989; 342:
115) 120.

29. Hovi T: Renumining problens before eradication of

pol i onyelitis can be acconplished. Melnick JL (ed): Prog Med
Virol. Basel, Karger 1991; 38:69-95.

30. Evans AS: Criteria for assessing acconplishnment of
polionyelitis control. Reviews of infectious diseases 1984;

6, Suppl . 2: 571- 575.

31. Gegg MB: Paralytic poliomyelitis can be elimnated. Reviews

of infectious diseases 1984; 6, Suppl.2:577-579.

37


NEATPAGEINFO:id=C623FF05-DE47-4CB3-894B-40075FFBBA04


32. Chin J: Can paralytic polionyelitis be elimnated? Reviews of
i nfectious di seases 1984; 6, Suppl.2: 581-585.

33. Robinson D. Political, admnistrative, and econom c resources
for the control of polionyelitis. Reviews of infectious diseases
1984; 6, Suppl .2: 586-588.

34. Creese AL: Priorities in Health Care: a discussion. Reviews
of infectious diseases 1984; 6, Suppl.2:589-590.

35. Ward NA: Practicalities of a global polionyelitis control
program Reviews of infectious diseases 1984; 6, Suppl.2: 591-593.
36. Jordan W5:. Prospects for worldw de control of paralytic
polionyelitis: a discussion. Reviews of infectious diseases 1984;
6, Suppl . 2: 594- 595.

37. Robbins FC. Summary and reconmendati ons. Revi ews of

i nfectious di seases 1984: 6, Suppl . 2: 596-600.

38. Horstmann DM Control of polionyelitis: a continuing paradox.
The Journal of infectious di seases 1982; 146, N°4: 540- 549.

39. Rao VC, Melnick JL: Environnmental Virology. ASM Series
Editor, 1986.

40. Sabin AB:. Perspectives on rapid elimnation and ultimte

gl obal eradication of paralytic polionyelitis caused by

pol i oviruses. European Journal of Epidem ology 1991; 7;N°2. 95-
12 0.

41. Kew O, De L, Yang CF, Nottay B, Pallansch M da Silva E

The role of virologic surveillance in the global initiative to
eradicate polionyelitis. Advances in Applied Virology Research

(in press) 3:215-242.

38


NEATPAGEINFO:id=C2231478-7BA8-4C4F-8587-AEC0B8D55DB1


42. WHO Polionyelitis eradication. Wekly Epidem ol ocfical Record

1992; 67, N°4.
43. WHO Expanded Programme on |munization: Polionyelitis in
1988, 1989, and 1990. \Weekly Epi dem ol ogi cal Record 1992,

67, N°16: 113-117.

44, WHO. Polionyelitis: global eradication by the year 2000.
Update: EPI 1989; Rev.|

39


NEATPAGEINFO:id=7BE5E03D-9A94-4155-9F9B-E45ADEE96970


7

ANNEXES

40


NEATPAGEINFO:id=323CA213-5269-4FDB-8780-1DE015E49BFE


| mmuni zation coverage Wwth polio vaccine
In children <1 year, by WHo region

Cover age %
t oo

AFR ANR SEAR EUR ENVR WPR GLOBAL

VWHO Regi on
Dec. 89 A Aug. 91

data reported to WHo


NEATPAGEINFO:id=F6E00B1C-EF35-421D-B645-11ED39CEA685


%TE 1. PAY@ &\ISE@%AR TTADSETADGE‘ R?\:DIP 'Ill%Q{E LR PE&AI%\%ELIQT\JE. DDEEC& EFEQE 119953899

VWHO 90071


NEATPAGEINFO:id=E7F46FF6-6F63-4AB6-8C4E-A3540A514DFF


Cobertura vaci nal
Distrito de | nhassor o, 1990

Cobertura vaclLaal
- &N
100% -t

80%

60", 51"

40%

20%

07

DTP Pol i o

(Gafico 2)


NEATPAGEINFO:id=21843CAA-5076-413A-B925-590DEC1A5D0F


Resuno da Cobertura Vaci nal
Distrito de Inhassoro, 1990.

Criancas Estudadas (210)
Tern cartao
Sim 189 (90% 1Nao 21 (10%
Receber am 8 Doses

Sim 148 (70,5% Nao 41 (19, 5%

Sem erros

Sim 107 (519% Nao 41 (19, 5%
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4:- (grafico 1)
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Cobertura vaci nal potenci al
Distrito de Inhassoro, 1990.
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(Gafico 4)
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