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Comparison of methods for estimating the frequency
of paralytic poliomyelitis in developing countries *

D. W. BELCHER,1 D. D. NICHOLAS,2 S. OFOSU-AmAAH, & J. H. KRATZER4

Standard reporting systems have proved to be unreliable in estimating thefrequency of
paralytic poliomyelitis in many developing countries. The effectiveness of three survey
methods for estimating the prevalence of lameness attributable to poliomyelitis were
compared in the Danfa Health Project district of rural Ghana. Lameness was studied
because it is easily identified by inexpensive survey techniques. A postal survey of school
headteachers was the least costly and most accurate method, giving a prevalence of
lameness attributable to poliomyelitis of 7.2 per 1000 schoolchildren. This method is
recommended for countries with an extensive network of primary schools. Medical
examinations in a village health survey yielded a prevalence of 4.6 per 1000 children aged
6-15 years. This method was relatively expensive but could be justified if the survey was
multipurpose. A question added to the annual district census showed a prevalence of 2.2
per 1000 children, a rate still many times higher than estimates from national statistics. The
inclusion of such a question in a census or other national survey entails little additional cost
and with more careful questioning results should improve. Repeated surveys can be used to
assess the success of poliomyelitis vaccination programmes.

For many years, the extent to which poliomyelitis
caused paralytic disease in children of developing
countries was controversial. There was often marked
variation between different information sources and
significant annual fluctuations in officially reported
cases despite widespread endemicity of the
poliovirus. This suggested possible underreporting
of poliomyelitis. Using a headteacher questionnaire
of lameness in Ghanaian schoolchildren, we showed
recently that the frequency of paralytic poliomyelitis
in Ghana was comparable to that observed in the
USA and Europe during the years of the most severe
epidemics (1, 2). A recent report suggests that
similar rates may be occurring in the United Repub-
lic of Cameroon (3). 0
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In our studies we measured lameness attributable
to poliomyelitis rather than acute poliomyelitis,
because lameness reflects the long-term dysfunction
caused by the infection and is readily detected by
inexpensive survey techniques. We chose to study
schools because large numbers of children could be
screened quickly by headteachers.
Not all countries in Africa have the extensive

network of schools found in Ghana. Therefore we
have tested two other survey methods -district cen-
sus and a village health examination survey-for
estimating the frequency of paralytic poliomyelitis.
This report describes and compares the results of
three survey methods used in the Danfa Project
district in rural Ghana and compares their personnel
requirements and effectiveness in estimating the true
rate with those of the traditional reporting system.

MATERIALS AND METHODS

Study setting
This poliomyelitis study was carried out in the

Danfa Rural Health Project district (4), a region in
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southern Ghana of 740 km2 which is divided into 4
research areas and located 32-80 km north of the
capital, Accra. It comprises 310 villages with a total
of 60 000 people. Poliovirus is endemic in the
district: 65 % of children have antibodies to all three
poliovirus types by 5 years of age, and only 7% are
triple negative (Nicholas, D.D. et al., unpublished
results). Children start school at age 6 years, and
60% of children aged 6-15 attend school. An
annual project census in the Danfa Project district
affords accurate denominators for calculating
epidemiological rates.

Ministry of Health poliomyelitis statistics
All health personnel who diagnose a case of acute

poliomyelitis are required to submit two notifiable
disease reports: one to the Regional Medical Officer
of Health and a duplicate directly to the Epidemiol-
ogy Division of the Ministry which compiles the
annual statistical report.

Postal survey of headteachers
The school questionnaire survey was conducted in

two stages. First the survey method was tested and
validated in the Danfa Project district by screening
every child enrolled in a primary or middle school.
Headteachers were sent a questionnaire that con-
tained questions about the school's enrolment, total
number of lame children, their names, current age,
age at onset of lameness, and present class in school.
Lameness was defined as "not being able to walk
properly or having one leg shorter or smaller than
the other."
Each school was then visited by an examination

team and completed questionnaires were collected.
The validation process consisted of screening all
children as they paraded in front of the examiners.
Then each lame child was tested for paralytic
poliomyelitis using the criteria: muscle weakness
and atrophy, diminished deep tendon reflexes, no
diminution of sensory modalities, and a history of
acute onset with no progression. After confirming its
accuracy, the survey was expanded by mailing simi-
lar questionnaires to a 5% sample of primary and
secondary schools in Ghana. A more detailed de-
scription of these two surveys is found in the original
reports (1, 2).

Village health examination study
The Village Health Survey is a biennial health

survey in the Danfa Project started in 1973 to

determine major health problems and to evaluate
project programmes (5). It involves repeated sample
surveys of 4000 persons in 20 randomly selected
village clusters. Each person is given a medical
examination using a precoded form with selected
health items, including disability attributable to
poliomyelitis. The response rate has been excellent:
97% of eligible subjects have participated. The
poliomyelitis case rate determined by the medical
examination method used in this report is based on
the 1975 Village Health Survey.

Census of the Danfa Project district
Since 1971 an annual household census of the

entire Danfa Project district has been conducted by
Project interviewers. Such demographic surveys can
be designed to include questions about illness. For
example, in 1973 a question about sickness from
guinea-worm infection was asked. Follow-up valida-
tion examinations of a sample of reported cases of
dracontiasis showed that interview-based informa-
tion was over 90% accurate in identifying guinea-
worm infection (6).

Therefore, during the 1974 annual project census
we included a question about chronic lameness.
Interviewers were trained to ask if anyone in the
household had a "lame leg", defined as a "smaller
and weaker leg", present since childhood. Recent
injuries and leg infections including guinea-worm
were excluded. The total number of persons in each
interviewed household and the age, sex, and age-at-
onset of all reported cases of lameness were listed on
a standard form. Because the decision to include the
poliomyelitis question in the census was not made
until the census was already underway, the question
was asked only of households in the last three of the
four research areas.

RESULTS

Ministry of Health poliomyelitis statistics
Table 1 shows the incidence of acute poliomyelitis

reported in Ghana during the period 1965-74.
There was a marked increase in reported cases after
1969 when the establishment of the Ministry's
Epidemiology Division resulted in improved report-
ing. In the most recent 6-year period (1969-74) the
average annual incidence of reported cases was 1.6
per 100 000 population, a nine-fold increase in
reporting over the decade's first four years. In
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contrast, poliomyelitis cases admitted to Korle-
Bu Hospital, the major referral centre for the
Greater Accra Region, fell during the recent 5-year
period. This may be due to increasing use of oral
poliomyelitis vaccine in urban areas. Erroneous
reporting occurred during the first four years, when
a single hospital (Korle-Bu) reported the majority of
cases or even exceeded the national total. During the
1972-75 period at the Danfa Health Centre, two
cases were reported -an annual reported incidence
of 3.3 per 100 000 population in research Area I.

Postal survey of headteachers
The response rate by district teachers to the

questionnaire survey was excellent: 69 % completed
questionnaires after a single contact. In the national
study, 74% of schools returned questionnaires after
a first mailing, and an additional 20% after a single
follow-up request. When we conducted medical
examinations of Danfa Project district children with
reported lameness, two-thirds were found to be
related to poliomyelitis (1).

Table 1. Acute poliomyelitis in Ghana, 1965-74.
A comparison of national statistics with those of one
regional hospital

National statistics Hospital
Year No. of Population Incidence (Accra).

cases" (in 1000s) (per 10 000) No. b

1965 32 7574 0.42 21

1966 7 7755 0.09 11

1967 5 7942 0.06 4

1968 10 8132 0.12 16

1969 134 8326 1.61 15

1970 107 8559 1.25 8

1971 121 8764 1.38 16

1972 95 8975 1.06 2

1973 214C 9190 2.33 6

1974 230 c 9410 2.44 4

'Source: Epidemiological and vital statistics reports and World
Health Statistics reports.

bSource: Hospital records, Korle-Bu Hospital, Accra, Ghana.
c Source: Epidemiology Division, Ministry of Health, Ghana.

Table 2. Comparison between special studies for estimating frequency of paralytic
poliomyelitis in Ghanaian rural schoolchildren aged 6-15 years

No. of Sample Prevalence IncidencebSurvey method cases size ~~±SE'1 (per 100 000)Survey method cases size ~~~~~~(per1000)

Postal survey of headteachers

Danfa Project schoolchildren 81 11 249 7.2c 29

Ghana rural schoolchildren 417 50 598 8.2d ±0.6 -

6.3' ±0.7 25

Village health examination survey 6 1 307 4.6 ±1.5 18

District census 24 10 997 2.2c 9

'Standard error of a proportion for a random cluster sample of unequal cluster size.
Estimated from prevalence (where the 0-4 years age group represents 20% of the total population, incidence

in total population for a chronic condition occurring before age 5 years equals prevalence in over 5 years age
group divided by 25).

c 100% sample; therefore, no standard error.
d8.2 is prevalence of reported lameness (not standardized).
'Adjusted to show lameness attributable to poliomyelitis (not standardized).

Table 2 shows that schoolchildren in the Project
district had a paralytic poliomyelitis prevalence of
7.2 per 1000 children studied. A special study of
children in the same age group not attending school
showed a similar rate. The reported prevalence of
lameness of rural schoolchildren in the national
sample was 8.2 per 1000. When this rate was
adjusted using the sensitivity and specificity values
calculated for teacher performance in the Danfa

Project district (2), the nationwide prevalence for
lameness due to poliomyelitis was estimated to be
6.3 per 1000 schoolchildren in rural areas (settle-
ments with under 5000 residents).

Village health examination survey
The results are shown for the age group of 6-15

years only, so that they can be compared with those
of the headteacher questionnaire survey. Table 2
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shows that the rate determined in the village health
survey was 4.6 per 1000. This is not statistically
different from the rate of 7.2 per 1000 found in the
school survey because of the large standard error of
the cluster sampling technique. A larger number of
clusters would be needed to determine whether the
village health examination survey is as effective as

the headteacher questionnaire in estimating the true
prevalence of paralytic poliomyelitis.

Census of Danfa Project district

There were 30 cases of lameness with onset before
6 years of age identified by the census question
among 10 997 children aged 6-15 years in research
Areas II-IV. In the school survey we found that
onset of lameness was before age 6 years in 96% of
the cases of poliomyelitis and that 80% of all
lameness cases with onset before 6 years could be
attributed to poliomyelitis. Therefore, 24 of the 30
cases identified by the census question were attri-
buted to poliomyelitis, giving a prevalence of 2.2 per
1000 children aged 6-15 years. The school survey
identified 55 cases of lameness attributable to
poliomyelitis among 8122 schoolchildren in the
same three project areas. Thus, the census question
was less effective than the school survey and failed to

identify many of the cases. The reason may be that,
when a question being studied is a secondary objec-
tive of an interview or survey, the interviewer or

respondent is less motivated to produce complete
information. Still, it revealed a rate many times
higher than the official one. To ensure more com-

plete reporting, the question about lameness should
be asked specifically of each household member and
not of the household in general as was done in this
survey. The accuracy would be further increased by
determining the sensitivity and specificity of the
census question by means of a screening examina-
tion of a subsample of those interviewed as was done
in the school survey (1, 2).

Comparison between official statistics and survey

results
Table 3 shows that the suspected underreporting

of paralytic poliomyelitis exists in Ghana: official
sources of information report less than 10 % of the
cases of paralytic poliomyelitis found by the most
accurate survey approach used, the postal survey of
schools. Since paralytic poliomyelitis has been found
to occur uniformly throughout Ghana (2), this
discrepancy is not an artefact caused by comparing
an above average prevalence area with general
population statistics. Special surveys consistently

Table 3. Comparison between methods used,to estimate the annual incidence of paralytic poliomyelitis in Ghana

Annual
Data source incidence Geographical coverage Resources needed Planning usefulness

(per 100 000)

Existing information

national health statistics
limited catchment low cost-staff already current patient case load
area employed

1969-74 average 1.7
1974 only 2.4

regional hospital cases (Korle-Bu), 0.8 limited catchment low cost-staff already current patient case load
1970-74 e area employed

local health centre cases, 1972-75 3.3 limited catchment low cost-staff already current patient case load
area employed

Special surveys

district census, 1974 9 district population moderate cost-requires use population rates to: indicate
enumerators need for a control programme;

and to assess programme success
over time

health examinations, 1975 18 community-based high cost-requires
sample medical team

headteacher questionnaire, 1974 29 ommunity-based low cost-teachers
sample already available

Assuming all cases in Greater Accra Region are hospitalized at Korle-Bu.
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yielded higher annual incidence rates, with a range
of 9-29 per 100 000, compared with the rates of 1-3
per 100 000 based on official statistics. Potential
difficulties in conducting surveys, such as unwilling-
ness on the part of volunteer subjects to participate
or non-cooperation by teachers, were not encoun-
tered in these studies.

DISCUSSION

This study shows that several feasible approaches
are available to the health planners in developing
countries to collect information about the recent
incidence of paralytic poliomyelitis. This informa-
tion can then be used to plan and evaluate immuni-
zation programmes, and to provide guidelines about
areas or age groups at special risk.
Many factors contribute to the underreporting of

paralytic poliomyelitis. One is that many health
personnel are not trained to diagnose acute poliomy-
elitis and often attribute sudden onset of lameness to
complications of an injection. Another is that health.
facilities may be inaccessible to a large segment of
the rural population. Thirdly, even where it is
accessible, modem medical care may be seen by
villagers as lacking efficacy in curing poliomyelitis;
as a result many children are taken to traditional
healers instead. Thus, it seems that patient-based
statistics will not become more reliable in the near
future.
The World Health Organization has been con-

cerned with early detection of outbreaks of paralytic
poliomyelitis and with the development of
epidemiological information in order to have more
" effective public health planning, action, and prog-
ramme assessment" (7, 8). Disease surveillance is
known to be difficult because it requires intensive
supervision and is expensive (9) and, in 1972,
fourteen countries in WHO's African Region did not
report poliomyelitis to WHO at all or submitted
incomplete data (7). Even these data were felt not to

be representative, since they were often limited to
certain reporting areas or to selected health institu-
tions (7).
For a long time, because of incomplete national

statistics, poliomyelitis was felt to be a relatively
unimportant health problem in developing coun-
tries. Therefore, it is important to consider alterna-
tive strategies for improving information. The choice
of which case-finding method is used should be
based on the type of information required and the
resources available to collect, process, and interpret
the information (Table 3).

Based on our experience, we would recommend
that countries with a fairly extensive primary-school
system consider a postal questionnaire survey of a
sample of schools, using the guidelines developed in
the Danfa Project (2). School surveys have been
useful elsewhere for detection of leprosy and
elephantiasis (10, 11). Teacher cooperation will be
improved when there is strong support by Ministry
of Education officials.

In areas where schools are not available, commun-
ity-based morbidity or health examination surveys
can be conducted. To justify survey expense, these
should be multipurpose and should collect informa-
tion about other health problems as well. Another
approach would be to add questions about lameness
to certain national surveys. Since many countries will
be conducting their national census in 1980, ques-
tions about the presence of a family member with
lameness could be included at virtually no cost.
While these efforts will involve some investment

to collect the information, the improvement in the
quality of data will be sufficiently marked to justify
the expense. Surveys for poliomyelitis can be done at
rather long intervals, 5 years or so, because this time
period will reflect continuing results from a control
programme and may avoid duplication of previously
identified cases. Based on these studies in Ghana,
vaccination against poliomyelitis in preschool chil-
dren has been established as a high priority, and
mass immunization campaigns have been initiated.
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RtSUMS

COMPARAISON DE PLUSIEURS METHODES DESTINEES A EVALUER LA FREQUENCE
DE LA POLIOMYELITE PARALYTIQUE DANS LES PAYS EN DEVELOPPEMENT

Les statistiques sanitaires officielles ne permettant
guere d'apprecier l'incidence reelle de la poliomyelite
paralytique dans nombre de pays en developpement, il etait
souhaitable de mettre au point et d'experimenter des
methodes d'enquete ayant pour but d'evaluer la prevalence
de la paralysie attribuable a la poliomy6lite. Le present
rapport rend compte de l'application de trois de ces
methodes dans le district du projet de Danfa, au Ghana, et
leur efficacite est compar6e a celle du systeme officiel
d'enregistrement des cas de poliomyelite. L'existence de
paralysie etant plus facile a deceler au moyen de techniques
d'enquete peu couteuses, c'est sur cet element qu'ont porte
les enquetes plut6t que sur les cas de maladie au stade aigu.

Les statistiques officielles disponibles concernaient les
cas nouveaux de poliomy6lite enregistres a divers niveaux:
dans un dispensaire rural, dans un h6pital r6gional et pour
l'ensemble du pays. Pour la premiere enquete, des ques-
tionnaires ont d'abord et envoyes aux maitres d'ecole
(niveaux primaire et intermediaire) du district pour qu'ils
signalent tout cas de paralysie chronique presente par un de
leurs elves. Les r6ponses obtenues ont ete verifi6es par un
medecin devant qui ont defile tous les ecoliers. On a
ensuite recherch6, chez les enfants paralys6s, la cause de
leur infirmite, et celle-ci a pu etre attribuee a la polio-
myelite dans les deux tiers des cas (representant 7,2 pour
1000 ecoliers). Pour elargir encore l'enquete, des question-
naires analogues ont ete envoy6s a un 6chantillon de 5 % de
toutes les ecoles primaires et secondaires du Ghana. Le
degre de precision et d'exactitude des renseignements
recueillis par l'intermediaire des maitres ayant e deter-
mine grfice a l'enquete de Danfa, les donnees r6unies au
niveau national ont pu etre ajustees en cons6quence et ont
permis de fixer a 6,3 pour 1000 la prevalence de la
paralysie causee par la poliomyelite chez les eleves des
ecoles rurales.

La deuxieme methode a consiste a utiliser pour l'en-
quete les examens m6dicaux pr6vus dans le cadre de
l'enquete sanitaire biennale de village, laquelle a lieu au
moyen d'un formulaire code relatif a un certain nombre
d'el6ments caract6ristiques de l'etat de sante, dont l'inva-
lidite attribuable a la poliomyelite. Pour le groupe d'age

6-15 ans, le taux de cette invalidite s'est etabli a 4,6 pour
1000.

Enfin, la troisieme demarche a consiste a ajouter une
question concernant tout cas eventuel de paralysie chroni-
que aux questions posees par les enqueteurs charges du
recensement annuel de la population du district. Le taux de
prevalence obtenu a ete de 2,2 pour 1000 dans le groupe
d'age 6-15 ans, ce qui est encore de beaucoup superieur
aux estimations fondees sur les statistiques officielles.

Alors que l'incidence annuelle de la poliomyelite s'eta-
blit, sur la base des cas officiellement signales, a 1-3 pour
100 000, les enquetes menees dans le district de Danfa ont
fait apparaitre une incidence de 9-29 pour 100 000
(tableau 3). Le sous-enregistrement manifeste des cas de
poliomyelite par les services officiels n'est d'ailleurs pas
surprenant, 6tant donn6 que la mauvaise repartition des
dispensaires et h6pitaux prive une grande partie de la
population de l'acces aux soins medicaux. L'inexactitude
des statistiques masque malheureusement l'importance
reelle de certaines maladies. C'est ainsi que la poliomydlite
paralytique a ete consideree comme peu frequente dans les
pays en ddveloppement et qu'elle n'a pas fait l'objet de
l'attention voulue dans les programmes de vaccination.

Cette etude demontre la possibilite d'enquetes fournis-
sant des donnees dont la qualite represente un reel progres.
L'enquete postale sur les ecoliers, qui s'est revelee la moins
couteuse et la plus exacte, est la methode a recommander
aux pays oii l'enseignement primaire est bien developpe.
Lorsqu'il n'existe pas d'ecoles, des examens sanitaires
peuvent etre faits au sein des communautes. Ces examens
sont relativement onereux, mais la depense engagee est
justifiee si elle permet de recueillir des renseignements sur
un ensemble d'el6ments de l'etat de sante. Quant a la
troisieme methode, qui consiste a poser une question
concernant la paralysie a l'occasion d'un recensement de
population ou d'une autre enquete nationale, elle necessite
une faible depense additionnelle et peut sans doute, si la
question est bien posee, avoir des resultats plus satisfaisants
que ceux obtenus dans la presente etude. Les enqu8tes
peuvent etre repetees pour juger du succes des pro-
grammes de vaccination contre la poliomy6lite.
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