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1. INTRODUCTLON
The following is & guotation from "A Guide to Leprosy Control” (WHO, 1960,1:

"The data en the prevalence ot lepresy in most countries are unteliable, because
neither case-finding nor reperting is at a sufficiently high level... The surveys of
the WBO Leprosy Advisory Lleam showed that, even in countries with a satisfactory
cage~finding programme, new cases could stiil be found amounting £o as many as

three—quarters of the number reglstered...’.

Many countries have given high prierity to the contrel of leprosy. It is evident
that; 1) reliable information should be obtained on the magnitude of the leprosy
problem in all its important facets, viz. infectious forms, disabilities, ete., te
snable the formulation of a national plan for leprosy ¢ontrel and appropriate aliccation
of resources, and 2) an information system should be established for the periedic
evaluation and monitoring of any intervention programme that wmay have been injtiated.

The WHO Eerrt Committee on Leprosy in its fifth report {Technical Report Series
No. 607, 1977)“ concluded that:

"Incidence, or the number of new cases occurring duxing a gilven perioa (genraily one
vear) in rvelation to the population, is the only index for measuring the efficacy of the
measures taken, i.e., the reduction of transmission.

The continued occurrence of new infections in children is of great epidemiological
gignificance as it indicates continuing transmissiom of the diseasa. 1n such cases, it
is useful to separate the incidence rates for c¢hildren and adults.

Changes in prevalence are only indirectly indicative of the Ilmpact of a programme on
the epidemiclogical situation. however, the total numbexr of patients teo be treated
needs to be kuown for planning and organizational purposes,”

At present there is a need in many control programmes for evaiuation of the existing
epidemiclogical situwation. The Committee recommended that such an evaluation be
undertaken by means of sasmple surveys that include an assessment of the number of still
undetected cases of leprosy.

The Committee further recommended that the information collected for evaluation
should be simple and capable of leading to decisions and should be of a kina that can be
collected directly by the statff responsible for health activities at the peripheral

level, who are not necessarily specialized in leprosy.

Investigations usiny sampling methods have an appeal because of the resulting
economy in resources and because information can be obtained more rapidly. However, in
order to undertake s sampling investigation it is Iimportant to have a knowledue of the
basic concepts of sampling and the way to interpret the results derived from the sample.

The purpose of this guide is to introduce leprosy workers to these concepts and help
them to undertake sample sutveys routlnely in limited areas:

(i) to estimate the prevalence of leprosy in the areas, the case~load ana the
proportion of ditferent types of leprosy;

{ii) to assess the impact of a programme in terms of prevaience und
{iii)to evaluate certain operatiomnal aspects of leprosy control programmes.

For any large undertaking such as a national survey, it Is best to associate a
statistician. 7The application of more elaborate statistical techniques may be indicated
in such circumstances, and the cost of a statistical consultancy will be more than
offset by the overall saving effected.
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Sample surveys to indicate case—load are Indicateq only when tie prevalence rates
are at least of the order of 1U per 1000. If rhe expected rates are lower the sample
sige required would be quite large. In such circumsrances metbods of epidemiological
surveillance would he more appropriate. Since leprosy is not uniformly spread in any
country, prevalence could be limiteu to areas of high endewicity. Whiie iu general,
gample surveys indicate the limits within which the true prevalence in the population
should be, sometimes when the prevalence is low sample surveys can be useful for
indicating an upper limit for the population value.

Although the {liustrations in this manual are for prevalence surveys the basic
principles of sampling are of genperal application.

2. THE KATLIONALE BEHIND SAMPLE SURVEYS

in situations whete no information exists on the extent and magnitude of the leprosy
problem in c¢ountries, but where thete are grounds for believing that leprosy is a
problen of considerable magnitude, 4t is most useful to conduct & sample survey to
assess moke precisely the magnitude of the problem. Such information is necessary for
planning purposes. Complete examination of the whole population has to be ruled out as
it will be unfeagsible and far too expensive.

There is yet another and perhaps even more important use for sample surveys. This
i for monitoring the progress and impact of a ¢ontrol programme that ig in operation.
Sample surveys conducteu periodically in an area where some control operations are going
on will provide s relativaely inexpensive means of measuring the progress, highlighting
operational deficiencies, and where indicated suggesting alternative strategles for
producing greater effectiveness.

Sample sukveys onm a national scale are useful for providing planners with adequate
information to be used for appropriate allocation of resources. The periodical surveys
provide useful information for monitering the programme. In either case a sample survey
is not an end in itself but only 2 means of obtaining information vital for certain
objectives, Consequently the costs of, and other resources used in sample surveys
should be minimal and should be a small fraction of the leprosy budget.

3. SUME BAS1C CONSLDERATIONS IN THE CHOICE OF A SAMPLE DESIGN

Jampling investigations provide the best estimates ot the true values of the
variables or characteristics (e.g. prevalence rates) inm the general population from
witich the samples are drawn. However, they can only be "estimates” and seldom be
identical with the waknown "true” value {n the population. MNevertheless it is possible
te say, with & high degree of confidence, that the true population value is within g
range. For example, if it i1s found from the sample that 2% have a disease, we mighr,
depending on the sample design, be able to declare (with 95% confidence) that the true
population prevalence is between 1,.6% and 2.4%4. By increasing the size of the sample,
the range (e.g. 1.6 to 2.4) can be made as nartow &5 may be desirable. Technlcally this
range 1s known as the "contfidence interval” and reflects the "precision” of the estimate
obtained from the sample. Thus in the above example if the sample had been very large
we might have been able to state that the "true population value is between 1.8 and
2,2", In this case the second estimate, obtained with the larger sample, is more
precise than the first.

While a high degree of precision is desirable on scientific grounds, it may prove
unduly expensive. For example to double the precizion one may need to quadruple the
sample gize, Thus it is important to consider carefully, and well in advance, the use
to b? made of the result of the sample survey and arrive at a minimum acceptable
precision.
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Closely allied to the above consideration is the need to state the objectives of the
pampling investigatiom in &6 much detail as possible, specifying the categories of
persons to be surveyed.

To be more specific, let ug say that there exists only very scanty information en
the prevalence of the disease and the planners require an estimate of the national
case~load to eifect necessary budgetary appropriation. Very often one is confronted
with a situation of scarce resources and it is adequate to have an idea of the order of
magnitude of the problem; e.s. whether the prevalence is around the 20 per 1000 level
or 10 per 1000 level. In such & situation a rapid survey with a sample of moderate size
may provide the information needed at that stage. On the other hand, in surveys of the
"before"” and "after” type where it is important to detect significant improveuents as a
result of intervention measures, different orders of precision may dictate the choice of
sample size and design.

Leprosy has many facets drawing different degrees of public attentiom and
stimulating governmental action. There are deformities attributable to the disease,
active cases with manifest lesions and, at the other extreme, tiny and not easily
noticeable patches that can be detected ouly after complete examination., While
information on all these aspects will be obtained in a sample survey, the order of
precision required for each one of these variables could be different as action
programmes for the three variables could have widely varying budgetary implications.

The variation of sample values around the true populaticon value is referred to as
"gampling error” and can be controlled by an efficient sample design. On the other hand
there are a number of other factors that could give rise to divergence from the true
population vaiue. For example, non—coverage of part of the selectea sample population,
incomplete examination of the individuals, errors in diagnosis etec. can all contribute
to estimation errors. They are referred to as non-sampling errors, and because of their
importance, especially in leprosy surveys, they are adealt with in a separate section.

In this connexion a distinction must be made between “precision” and "accuracy”.
The concept of “precision” is dealt with in seetion 5. It may be mentioned at this
gtage that precision refers teo the closeness of the value obtained from the sample to
the true population value and can generally be controlled by suitable sample size.
Accurscy on the other hand, takes into account also the non—sampling errors. It is the
total of both the sampling and nom-sampling errors. Above all the sample must be truly
representative of the population from which it is drawn. All persons in the sample must
have the possibility of being represented in the sample.

4, TECHNIQUES OF SAMPLING

A variety of sampling techniques are currently available, their main objective being
to secure maximum efficiency and coperatiomal convenience. It may be relevant to make
reference at this stage to a few of these techniques that have particular applicability
to leprosy surveys:

Ope of the fivst pre-requisites of a sampling investigation is the existeuce ot
construction of a “sampling frame”. Exzamples of sampling frames are: c¢ensus fracts,
lists of households, lists of villages with population in each. Usually such lists are
not up—to-date. However, such frames, if they are not too old, can still be used at
least as & first stage in the selection of a sample. This aspect ks dealt with in more
detail in section 9 under "Urganizatiom of a sample survey”. Lt is memtioned here
pbecause the construction of a suitable gampling frame is the first step in the sampling
process and the nature of the frame is relevant to considerations in the choice of the
wost approptiate technique of sampling.
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4.1 Simple yvandom sampling

This is the name given to a design "in which the sampling units are independently
selected with gqual probability, the sampling being without replacement and without
restriclions”.” Thus, 1f the population ig 1 000 OUU and it is desired to examine a
representative sample of 10 000, this design ensures that every one of the million
population has the same chance of becoming a member of the sample selected. lo practice
this would mean first listing all the million individuals in the population and choosing
10 000 out of them &t random - by adopting methods used in lotteries or by the use of
random sampling numbers (see Section b). The procedure is however extremely cumbersome
and unfeasible in practice for population surveys,

4.2 Stratified gampling (see also Section &)

Sometimes information is required on the prevalence or incidence of the disesse for
different segments or "strata” of the population. This may be necessary for
administrative purposes or for a better understanding of the epldemioclogy of the
disease. The characteristics {such as urban or rural, endemicity level, hilly regions,
special population groups, etc) on which stratification is desired should first be
decided and the population in each stratum delineated. From sach stratum a separate
sample is drawn. The percentage of the population that constitutes the sample need not
be the same from one stratum to another. Stratification may also be resorted to for
Increasing the efficiency of the sampling procedure. For exampie, it the population is
stratified according to different endemic levels (known or suspected), 1t pays to take
different sample sizes from ditfferent strata and derive an estimate for the total
population by combining the estimates from the individual strata after weighting them
guitably,

4.3 Cluster sampling

Any group of individuazls, e.g. members of a household, people living in a village,
ete, can constitute & cluster. Once a cluster is defined, such as a household, then a
gattple of households is selected from a complete list of households in the community and
a1l individuals within the selected households examined., If the village is defined as o
cluster, then a sample of villages is selected from a list of villages and all the
population in the selected village examined. When the ¢lusters are "naturally” defined,
€¢.g, howsehold, village, etc., the cluster sizes, i.e. the number of individuals in each
of the clusters, would normally not be equal. However, for operatiomal and statistical
Purpoases it may he convenjent to create clusters of approximately equal size by
grouping, e.g. small villages could he grouped to constitute one cluster with a total
pepulation equal to that of a big village.

When a communicable disease like leprosy is being investigated, it is likely that
the individuals in one cluster are more similar to one another as regards the risk of
the disease than the individuals in another clusrer. Such similarity within clusters is
called "intra—cluster correlation”. When such correlation exists, the estimates from
the sample will have a wider variation and consequently be less precise. {See next
section on "Certain essential concepts in sampling”.) The sample size, computed
theoretically on the basis of a gimple random sample of individuals, will have to be
increased to allow for such iptra—cluster correlation.

The cluster sample design is the one most widely used for estimating disease
characteristics, such as prevalence., Any increase In sample size that may be necessaty
Is usually offset by the operational convenience, Im any cage, for leprosy surveys, the
random selection of individuals from a population can be ruled out as unfeasible.

4.4 Multi-stage sampling

When a large population, such as the population of the country is samplea, the
Sampling 1z usually done by stages, For example, if the country is divided into
districts, a sample of districts may first be selectea. From within each selected
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digtrict 2 sample of subdistricts wmay be selected., From within each selected
subdistrict a sample of villages may be selected. Such a design is called multi-stage
sampling, the selection of districts, subdistricts, villages, etc., representing the
different stages. At each stage the probability of selecting 8 subdivision may be mace
proportional to its population; thug a large subdistrict will have relatively greater
chance of beiuy selected than a smaller one.

In all cases, it should be borne im mind that the results of analysis (i.e,
inferences from the sample) apply in all cases only to the unilverse from which the
sample was taken. For example, if it is decided to exclude certain population groups,
such as nomads, from the sample, the results from the sample are only applicable to the
geueral population, excluding the nomads,

5. CERTAIN ESSENTIAL CONCEPLS IN SAMPLING

5.1 Standard error

However good the coverage, however representative the sample and however perfect the
diagnostic tools, the fact remains that in sampling investigations one is examining a
part of the population and the result of the sample survey (such as prevalence rate) can
geldom be identical with the result of examining the entire population. ©m the other
hand, if 2 number of samples are taken, the sample values have a tendency to cluster
around the true valve in the population, sometimes a little less and sometimes g little
mo¥e., This variation arcund the true population value is measurable and is expressed by
the standard error. The following formulae are for the Simple Rendom Sampling design

and are presented for their simplicity. Formulae for cluster sampling are given in the
annex. If:

(1) n is the sample size}
(2) pk 1s the observed prevalence rate of leprosy;
(3) 4& (= 100 - p) is the percentage without leprosy;

then the standard error (s.e) of p is prg*
I

We also know from statistical theory that the true prevalence in the pepulation (pX)

is most 1likely to be within p X 1.96 (=.e}, The probability that the true prevalence
will be outside these limits is 5%,

When we say "most likely” in this context we mean that, when we generalize from a
sample to the population as above, i.e, when we say that the true prevalence is between
gt 1.96 s.e, then in the long run we will be correct on 95% of the occasious. In
practice we may say we are 934 gure that the true prevalence im the population is
between p + 1.96 s.e. For this reason the two values p + 1,96 s.e and p - 1.96 s.e are
the 95% “confidence limits”, The confidence interval can be wide or marrow depending on

the value of the standard error, which therefore determines the precision of the
estimate.

*The exact formula is s.e. = f 1-f f pg where £ = sampling frgction which is /N
I3

where n is sample g¢ize and N is the population, However, for most purposes, n/N is

small and the multiplication factor Jl—f will be very nearly equal to 1 and can
be ignored.
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Az an example, suppose there are two samples of different sizes both glving a sample
estlmate of 4% prevalence. Ln one case we may be able to gsay that the true prevalence
is between 2.5% and 1.5% and in the other case {(the larger sample; we might be in a
position to srate that the true prevalence is between 2,24 and L.&%. LIn the latter case
the estimate is sard to be more “precise” than in the former.

Ubviously an estimate that gives a very wide confidence interval is not ot much
use. Un the other hand if ome wants the interval to be very narrow, i.e, 1f one wants
an cxtremely precise estimate, it may wmean an enermous increase in sample size ang
consequently prove gxpensive. A balance has to e drawn and one must arrive a priori,
at an acceptable level of precision. The ildea will be found to be further elaborated in
the next section on sample gize,

3.2 The coefficient of variation

It will be seen frow the above that the variable determiniug precision ie the
standard ervror. Now we may have two surveys with different prevalence rates but with
about the same standare error. For example one survey may give a prevalence rate of 2%
with a standard error of 0.2% and another with a prevalence rate of 44 but again with
the same stanaard error, viz U.2%. The 95% coniidence intervals in the two cases would
be 1.6 to 2.4, and 3.6 to 4.4. It is apparent that in the second case the estimarion
appears more precise because in the first case the confidence limits are 2% + 20% of 2,
god in the second case they are 4% + 104 of 4. Thus with varying degrees of prevalence
it is useful to think of an index which relates the standard error to the estimate of
prevalence. Such an index is provided by the coefficient of variation, which is defined
as the ratlo of the standard error to the estimate expressed as & percentuge.

5.3 Cgefficient of variation (¢.v) = s.e x 100
P

Thus in the above example the prevalence of 2% is asscciated with a

coelficient of variation of 0.2 x 100 or 10X, and in the second case the
Z
prevualence of 4% is associated with a coefficient of variation of 0.2 x 100 or 54

5.4 Sample size

When a sample survey is being planned the first question rhat comes to mind is "how
big should the sample be?’. In order to answer this question satisfactorily,
indications are required on the following points:

1. What is the expected magnitude of the variable being estimated? For example,
if it is a survey to estmate the prevalence we shoule have an ldea of the order
of magnitude of the prevalence, i.e. whether it is around 1 or 2% or between 10
and 154 etc. Only an approximate range of vaiues is required at this stage to
serve as a4 starting point. Usually this information can be based on past
records, well=-informed guesses etcoc.

Z, The second point to be ineicated is the magnitude of toulerable variations. For
example, 15 it enough to have a coefficient of variation of 20% or is this
required to be smaller etec. To provide a sound answer to this question it is
important to have in mind the use that is going to be made oif the survey
result. For planning broad strategies on a national scale a high degree of
precision may not be essential whereas to evaluate programme impacts lo smaller
communities a higher gegree of precision may be callea for. It must be
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remgmbered that the primary objective of a sample survey is to obtain an
@stimate acceptably ciose to the rrue value. It is not a cagse~finding
exercise. Aszsking for a high degree of precision may result in an enormous
sample and the cousequent expenses may not be warranted by the purpose of the
survey itself.

3. The third point to be considered is the sampling technique that is
operationally feasible. For example, is Cluster sampling operatiemal?; if so
how big should the clusters be? Whether stratification is indicated eirher for
administrative reasoms ox for statistical efficiency etc.

Although simple random sampling is rarely resorted to in population surveys on
leprosy, it is still the basis for most other techniques of sampling. The usual

practice ig to compute a sample size assuming simple random sampling and then multiply
the size so derived by a suitable factor,

In the case of z simple random sample the general formula for determining the sample
size n is !

n = (zzpq)/d2 where:

p * the expected percentuxe with the disease. Ag menrioned before this is an
approximate figure based on past experience. If by past experience it is suspected that
the prevalence is between two values, gay 2% ana 4% the lower value should be taken.
This is because the sample size determined with a lower value will be sufficiently large
and adequate to cover sample estimates if they turn out to be higher:; on rhe other hand
if the larger value is chosen for determining sample gize, and 1if the actual survey
resull yields a lower figure, the estmate will not be precise enough,

q = 100 - p (i.e. the percentage without the diseasa).
2 = & value that could be obrained from statistical tables to correspond to the
probability level of the confidence limits (95%, 99% etc, - see section 5). For most

practical purposes the 95% probability level is adequate and the correagponding value of
z is 1.96,

d = the expression for the precision required, It is the differepce between the
actual estimate and its confidence limit (or half-confidence interval}, 1In practice it
is wsual to specify that this difference should not exceed x% (say 20%) of the estimate
p; in which case d will be taken as xp/100 (0.2p in the example),

The following example makes the use of the formula clearer.

Suppoese it is desired Lo estimate the prevalence of all forms of leprosy in a
community; from previous experience it is suspected that the prevalence is at least 2%
and not wore than 4% and further the estimate is required with a precision which would
lead to the 95% confidence limit, not to exceed 20% of whatever prevalence value may be
obtained when the actual survey is done; this means that if the survey when done gives
an estimate of 3%, the contidence limits should be within 3 + 204 of H=0.6) — i,e. we
should he able to state that the true populationm prevalence is between 2.4% and 3.6%.

To estimate the sample size we would take the lower of rhe two Suspected estimates
(viz 2%Z). The specified precision should lead in this case to a value of d = 20% of 2
(i.e. 0.4).

SBubstituting these values in the formula:

no= 1.96%,2, (100 - 2)70.42
4705.96 or 4706 individuals,
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Thus we would need to examine 4706 individualy by simple random gampliog. Siuce in
practice we would be using cluster sampling this figure has to be multiplied by an

appropriate factor reflecting the degree of homogeneity to be expected withio each
clugter as regards rhe rigk of the disecase.

1f in the above example we are in a position to accept a lower order of precision,
e.g. we could accept a value of d = 30% of p (= 2% in this case) n would be =
1.962,2,(100 = 2)/0.6% = 2091.54. Thus a simple random sample of about 2100 would
have been adequate., In the first case¢ we would be able to say that the estimate is #4 +
0.4%; in the second 27 + U.6%. It will be noteworthy that the small gain in precision
(0.6 to U.4) requires more than doubling the sample size. Iu general, for increasing
the precision y times we need to increase the sample size y“ times. This underlines
the importance of declaing a priori on the minimum acceptable precision.

6. THE USE OF A TAELE OF RANDOM NUMBERS AND PRACTICAL EXAMPLES OF SAMPLE SELECTION

The process of choosing at random is equivalent to choosing numbers as in a
lottery. YThere are practical problems in organizing a “lottery” each time a random
selection has to be made. However, random numbers have been selecbed many times and
there are geveral published tables which couid conveniently be used. A specimen page
from one guch publication is reproduced here™,

In order to use the table it must be realised that each number iz (single-digit)
independent. The printing in blocks of five (major blocks of b and smaller blocks of Z)
has been arranged solely to relieve eyve—strain in reading. Thugs it will be observea
that there are fifty rows and fifty columps in the attached table, comprising altogether
£500 independently selected single digit numbers (i.e, numbers from 0 to 9). The
process of random selection may be illustrated by the following hypothetical example,

Suppose there are twenty—five villages (of approximately equal size) and it is
desired to gselect 6 of these at random, Ler us imagine the villages to be pumbered 01,
02, 03,...25. We may now start from any row and column in the attached table snd look
for two-digit numbers. Let us suppose we start with row 14 and column lé, Since the
interest is in two digit numbers, we have to read columns 16 and 17 together. In this
cage the first number is 31, Since the toral number of villapges is only 23 this number
31 has to be rejected., The next two pumbers looking downwards are 46 and 73 which have
to be rejected for the same reason. The next one is 19 and hence village 19 is
selected. Proceeding in the same way it will be noticed that the next five numbers are
greater than 25 and have to be rejected, the next admissible number being 10. Hence
village 10 is selected. The next number is "07" which means village 7 is also slected.
The next four numbers ate greater than 25. The fifth is 24 and hence village 24 is alse
selected. The next six numbers are greater than 25. The seventh number is 10 which is
admissible but village 10 has already been selected; hence we have to look for other
numbers. Proceeding in this way reading downwards the next two admissible numbers will
be seen to be 14 and 13, indicating that the villages bearing these numbers should be
gelected. Thug we have selected at randow the gix villages bearing numbers: 19, 10, 07,
24, 14 and 15. Putting the numbars in sequence we could say that villages 7, 10, l4,
15, 19 and 24 have been selected.
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The procedure outlined above ignores the size of the villages) i.e. each of the 25
villages, irrespective of its size, has an equal chance (6/25) of being selected. The
precedure is acceptable if the villages are of approximately equal size. If lLowever,
they are very unequal it is preferable to make the selection in such s way that the
probability of selecting a viliage is proportional to its size, The methou of selection
is best illustrated by the following example.

Suppose the population of the 25 villages is as indicated in the following table:

VILLAGE NO, POPULATION LUM. T0TAL NUMBERS IN VILLAGE
1 150 150 0C01-0150
2 270 420 0151-0420
3 220 640 04210640
4 380 1020 0641~1020
5 125 1145 LU21~1145
b 420 1563 1l46-1565
7 318 1883 1366=1583
& 118 2001 18584-2G01 Q
9 520 2521 2002-2521
10 126 2547 2522=-2547
11 315 2962 2546-2962
12 278 3240 2963~3240
13 514 3754 3241-3754
14 2453 3999 3755-399%
15 337 4336 4000-4336
16 267 4603 43374603
17 18 4791 4604~47491
18 265 5056 4792-5056
19 484 3540 5057-5540
20 196 5736 5541-5736
21 284 6020 5737-60%0
22 503 6523 6021-6523
23 9t 6619 b524-bblY
24 121 6470 6620~6740
25 276 7016 6741-7016
7016 ‘
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The total population of all the twenty—five villages is 701b. 1f we imagine that
the individuals, starting from village 1 ate numbers from 0001-7ULlé, the process
consists of selecting six individuals (i.e. six random numbers between 0001 and 7016),
identifying the villages where these individuals are located and regarding these
identified villages as the ones selected. The operation is facilitated by comstructing
& third column jn the above table called 'cumularive totals'. The successive figures in
this column are population of village 1, population of villages 1 and Z, population of
villages 1,2 and 3 etc., the last figure entered against village Z5 is the total of all
the villages 1, 2 ste, up to and including the population of village 25. A fourth
column it constructed to readily indicate the numbers that would point to the
corresponding village.

Lz could now choose six random numbers from 000 and 7016. Since we are interested
in choosing six separate villages, if two numbers point to the same village the second
number has to be rejected,

As an exawple we could start with row 36 and col. 31 of the attached table of random
numbers and consider all four—digit numbers from this starting point. The first number
it seep to be 68569, If we look gt the cumulative totals ir will be seen Chat numbers
6741 to 7016 {and thus the selected number 686%) are located imn village 25, which is
consequently chosen. The next number 7957 is clearly in excess of 7016 and has to be
rejected. The next number is 2245, From the table of cumulative totals it wili be seen
thar numbers 2002 te 2521 (which includes 2245) are located in village 9, which shall
therefore be the second village selected.

The third number, 8045, exceeds 70106 and has to be rejected. The next one is 5348,
which can be seen to be in village 1%. Thus the third village selected is village 1Y,
The next number is 3766, located in village 14, The next is 7779 to be rejected and the
next 5566 is seen to be located in village 20. The next number, 2780, is in village

11. Thus the six villages selected in order are 19, 25, %, 14, 20 and 11. Putting the
numbers in sequence, the villages selected are 9, 11, 14, 19, 20 and 25, (If afrer
choosing a village, e.g. 1%, we had agaln hit a number such as 3801 peinting to the same
village, such a number has to be rejected).

In practice, fox reasons explained in section 4.3 it will be most convenient to use
a ¢luster sampling design for estimating the prevalence of leprosy. The practical
procedure is best explained by the following hypothetical example:

Suppose it is desired to estimate the prevalence of all forms of leprosy im an area
witich consists of 10 sub-districts with population as follows:

Sub—district No. Estimated population

15 678
10 879
7 670
R
8 987
14 350
7 487
11 88y
1z 678
> 889

[ R TR - BE NN < T R PR

P

Total 49 667
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The determinarien of an adequate sampie size will be dealt with in another
section. Llet us asgume for the present that the optimal design is to choose as our
sample 20 clusters of size 300 each, i.e., a total population of bOUD, It is
further assumed that one estimate for the entire areas is ail that is required and
that prevalence estimates for inaividual sub~districts are not neeaed.

ln this case the problem resolves to one of selecting 20 locations at random
among the 10 sub-districts. It covld turn out that some of the sub—districts may

not appear in the sample and that more than one cluster will be located among gome
sub~districts.

The first stage in the process of selection is to (1) list the sub~districts;
(2) note the population against each; (3) construct the cumulative totals as in
the previous example, and (4) indicate the numbers falling with each sub—district.
This is illustrated 1o the following table;

Sub~district Estimated Cumulative Numbers pointing to
number population totals the sub-district
1 15 678 15 674 00 001-15 678
2 10 879 26 557 15 679-26 557
3 7 670 34 227 26 558-34 227
4 3 654 37 881 34 228-37 881
5 & Q87 46 068 37 BEi-4b BGH
6 14 356 61 224 46 B69-61 214
7 7 987 09 211 6l Zi5-69 211
8 11 889 €1 100 6% Z12-B1 100
4 12 678 93 778 81 101-4%3 778
10 5 BEY 99 667 93 77999 667

Total 949 667

The next step is to choose 20 independent five digit random numbers between
00001 and 99667. Looking at the artached table of random numbers and starting at
rondom, say row 9, column 19, we find the first number is 949362 and this number
will be found to be located in sub=~district 10. The next numbers and their
location are indicated in the following table:
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Random number Sub~district pumber

b

17479
09727
71092
25544
52662
53957
48442
60681
99672 pumber to be rejected
being more than 39667
38676 b
72865
31741
23765
86795
01773
14483
496451
30018
28074
25396
36328

L=l - e o T L el o

[= R WL LI SR Yol e O« ]

Thus twenty numbers have been chosen, and on this basis it would seem that
sub—disrricrs 1, 2, 3, 5, 6, 8 and 9 have been selected, and the number of clusters
to be examined in each are as follows:

Sub—district No. of clusters to be exsmined

20

What has been done is to select, at the first stage, sub-diatricts and allocate
the twenty clusters to be examined amony these. The selection and allocation has
been done in such & way that the probability of selecting a sub—district and the
number of clusters to be allocated in the selected ones are made proportional to
the population of the sub-districts.

If a sub-district selected is large ang divided into smaller sub-divizions, the
above process may be repeated for choosing the sub-divisions (and the number of
clusters in each), This will be the second stage and the process may bhe repested
to cover & third, fourth ete. stage selection till a sub—division is reached with a
reasonably small population. 8o far, for the selection at every stage, the
estimated populatioms have been used. This may be based on an old census data or
other estimations. However, ouce a stage 1s reached with sufficiently small
populations (e.g. village groups) a census must be undertaken at this level, to get
a more up—to—date and precise estimate of the populatioun.

As an example, let us take sub-district 3. Two clusters are to be selected
from this gub-division. Let us say that this sub-district comnsists of 20U
viliages, some small and some large.
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It is better at this stape to group small adjoining villages into one so that
eventually we kave 25 village groups of approximately equal size (viz. population

ot 300),

The next step is to choose two random numbers between Ol and 25 ana completely
examine the village-groups thus indicated.

6.1 Villages with larye populations

In the above practical example we have been asguming thar the villages are
gmall with a population of 500 or less. 1t could happen in many situations that
some or all of the villages have larger populations. If the cluster size has been
fixed at 500, the question arises as to how the 500 individuals should be selected.

If the village can be conveniently divided into small sections by well defined
boundaries such as & canal, field ete. it will be simplest to choose an appropriate

number of such sections at random in the manner described above for the choice of
villages.

Alterustively, the following procedure is supgested. bSuppogse the population of
the village is 2000 1living in 300 houses. 1f the houses are not already numbered
they should be numbered from 00l to 300,

From a table of random numbers choote a number between 001 and 300. Suppose
number 056 is chosen. 7Then this will be the starting point. All individuals in
houses, 056, 057, 056 etec. will be examined until the required number of 300 is
reached. All members in the last of the howses falling into the sample should be
examined, For example house numbers 056~155 may contain 497 individuals and house
nomber 156 eight individuals. The principle is to examine every one in the 156th
house. The cluster will then consist of 505 individuals., If instead of house
number 0% a house number nearer to 30 was selected, say number 290, the sample
will consist of members living in house 290, 291...300 and OUL, 002 ...etc. until a
cluster size of approximately 500 persons have been obtained.

b,2 Yelection of clusters in urban areas

The procedure ig best illustrated by the following hypothetical example.
Suppose the township has an estimated population of 90 000 according to the latest
cepsus (which may be a2 few years pld), and that the township is divided into five
localities A, B, C, D and E with estimated populations as follows:

Locality Estigated population
A 15 500
B 23 400
C 1z 000
b 26 000
E 13 100

TOTAL 90 000
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1t happens quite often that & majority of the more well~ro—do among the population
live in clearly distinguishable areas (say locality E). 1t may be founa desirabie to
stratify the population at least Into two strata to distinpuish the well—to—do from the
others and to choose separate e¢lnsters from each of the strata. Suppose that on
theoretical snd practical grounds it is best to take ome cluster from the well-to-do
area E and two clusters from the rest of the rown.

One cluster will, therefore be chosen from locality E and two other clusters
selected as follows from locelities A, B, C, and D:

Locality Estimated Cumulative Nutabers pointing to
population total locality
A 15 500 15 500 00 001-15 500
B 23 400 38 900 15 501-38 900
C 12 000 50 900 38 901-50 500
b 26 000 76 900 50 901-76 900

As explained in the previous sections a table is set wp as above. Let us assume
now, that it is desired to have the two clusters not In the same localiry,

We can now look for a five~digit number (because the total is 76 900) from the table
of random pumbers. Taking the table provided in this guilde, and starting from some
point at random, row 15 and column 17, we will hit the five-digit number 67539, This
number can be seen to be located in locality D which is consequently selected. The next
aumber is 34484 and is located in locality B. Thus localities B and D are selecred,

The selection of the cluster will be illuastrated for locality B.

The project leader (or the statistician if ome is available), in collaboration with
the local authorities, draws a map of the locality dividing it into blocks, estimates
the number of inhabitants in each block and allocates block numbers. Suppose the
locality is divided into about 100 blocks. The blocks should be arranged in serial
order together with the estimated population. A random auwwber is chosen as before to
determine the startiang point (i.e. the block). It is practical at this stage teo examine
all persons living in the selected block and the next blocks until the required number
{clustexr sige) is reached.

6.3 Belection of clusters in widely scattered populations and im shanly towns

There are two situations in practice where the selection of clusters as indicated in
the preceding sections becomes Iimpracticable., These are:

(1) when the coumunity jis small and lives in widely scattered areas;

{2) when the community consists of the "marginal population”™ that Is gathering io
urban areas and not entering the census. These populations usually live in
shanty towns on the outskirts of urban localities, im jwprovised shelrers,

In these instances the best that can be done is to regsort to “Area sampling”.

The procedure is first to draw a map outlining the area. An easily distinguishable
landmark, such as the chief's hut, a local school etec., is chosen and marked on the map
as accurately as possible, A set of coordinates 1s drawn through this point and the map
is then blocked into equal squares {see illustvration). The numbering of the squares can
proceed in any convenient order.
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Suppose there results 64 such squares, A tandom number between Ol and b4 fs now
chosen from a table of random numbers. Suppose 09 is selected, Square ¥ is found on
the landscape by using & c¢ompass and pacing out the distances (or a tape measure ol the
trip mileage recorder of a motorised vehicle). The inhabitants of “square 9" are now
registered bexinning from the part of the square clogest to sguare 8, Registration
continues in squares 10, L1 etc. until & cluster size of 500 is reached,

The squares included inm the sample group should be marked by corner—flaws, sticks,
stones ecc., to facllitare the identification of the group during examinations. With
this method the population living in the border areas will have a greater chance ot
being selected than the others. This can be remedied by assigning different weights
{based upon estimated populatiouw etc.) to the different squares and choosing a starting
point a8 before for the selection of villages.
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7. EXPERIENUE ¥ROM THE LAL SURVEYS

Iu the early 1%60s the WHO Leprosy Advisory Team (LAT} was responsible for a
number of surveys. Most of the surveys were confined to parts of the countries and the
estimates provided cannot be taken g% national estimates for leprosy. DNevertheless the
pattern observed may serve as a useful guide in planning future surveys.

The tollowing table¥* gives the numbers examined, the number of leprosy cases in the
sample, the prevalence rate and the 92% confidence limits. Lt will be seen that the
prevalence ranges from 0,14% (in Pavana and San Jose in Argentina,) teo 3.864 (in Shwebeo
and Myingyan in Burma). In Burma, where more than 1% 00U people have been examined the
precision ig highest - the confidence limits being within + 20% of the estimate.
Llsewhere, except in Argentina, the limits ave mostly within + 304 of the sample
estimales. The gurvey carried out in Khon Kaen and Lampang provinces in Thailand
provides perhaps an indication of the size of a sample survey. The sample estimate was
1.23% with confiaence limits 1.55 and 0,88 -~ an estimate that could be accepted asg

reasonably precise for most purposes. The sample design consisted of examining 33
clusters of approximately 500 in each cluster. The total number examined was 1t B6Z.

Leprosy Prevalence — some selected countries

EXAM. CLUSTERS POSITIVE EQS%, CONF. LIMbs.,
UPPER LOWER,
Argentina
Parana & San Jogél 5169 29 7 0.14 0,23 1.04
Argentina
Chace 1 & 11 1635 15 42 2.57 4.10 L.04
Liberia 5327 35 87 1.63 2.04 1.18
Cameroun 14473 30 374 2.58 3.26 1.91
Western Nigeria 6450 16 101 1.55 2.04 1.07
Thailand lbbb2 33 205 1,22 1.55 0.88
Burma 19493 38 753 3.86 4,58 3,15
Philippines 10361 20 69 0.67 Q.87 U.46

* The actual gample desluns uged in these gurveys were varying and somewhat
more complex. In this section, merely to illustrate the effects of cluster
gampling, the data relating to different clusters in the different surveys are
reproduced and computations are made assuming & simple cluster design as
deseribed in this puide.
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The following additional features observed from the LAT surveys are suggestive for
future surveys, planned either for evaluation of obtaining baseline information.

% of pop.over 14 % of all leprosy Prev. (%)
years of age cases within this {in age—group
age-group 14

Cameroun 62.4 93 3,9
W. Nigeria 31.6 a9 2.7
Thailand 49,6 ‘ 93 2.3
Burma

Shwebo 55.3 71 5.1

Myingyan 59.8 74 2.5
Philippines ' 57.5 87 1.01
Argentina

Parana &

S8an José 65.5 91 0.14
Chaco 37.0 93 0.9

* Generally, between 40 and 60% of the cases were found rto have dieabilities.

Thus, in general in wmany hyper—endemic areas (in developing countries), about
70-90% of the cases are likely to be found in the age—groups beyond 14, which
comprise a little over 50% of the populatiecun. Hence, one pessibility is to confine
the popularion type survey (Household visits etc.) to the adult population (aged
over 14 years)., The generalization based on the sample will then apply ounly to the
adult population of the community or country. 1In many situations the prevalence
was found to be quite high already in the age—group 10-14 (e.g. 2.%% irn the Singu
ares ot upper Burma). In such circumstances the design could consider age—group 10
and above. The children examined in these households could provide informaztion on
the lower age-groups but with lower precision. However the overall prevalence for
all age—groups as obtained in this way will not be uaduly affectred. This is
further discussed in the following paragraph.

§. SOME IMPORTANY FRACTICAL CONSIDERATIONS
The following general points regarding sample surveys deserve emphasis:

1. Once the sample has been selected it is imperative that every one (100%
coverage) in the sample is examined. In practice this is often impossible,

bfforts should be made to achieve as high a coverage as possible and make intensive
efforts to examine a random sub—sample of the sample population not examined in the
first instance. Informarion from the gub—sample will provide & means of adjusting
the estimate from the sample population actually covered. The overall precision
may be reduced to some extent as we are adding the sampling variation of the
sub—sample to the sampling variation of the original sample. HMowever, the estimate
thus obtained will be unhiased. Bias is one of the meost important non-sampling
errors and should be guarded againsc.
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2, As mentioned in the previous section on the ewperience with LAT surveys, the
majority of cases are in the adult age-group, but it is known from practi¢e that
children are easier to cover. Most of the surveys repotrt only an overall coverage. A
good overall coverage may consist of an exceedingly good coverage of children coupled
with a bad coverage of adults. For this reason the following methodolopy is proposed;:

{a) Treat the sampling investigation as one stratified according to children and
adults.

(b} Choose 4 sewmple size suitable for the estimation in children and another sample
gize gultable for the estimation in adults.

{¢) Operationally the same sets of villages chosen for adults will be used for
children. It is expected that a larger sample will be needed for children as
the disease prevalence is rather low among them. Additional sets of villages
may be selected at random to provide the required number of children, In these
additional villages the examinations can be confined to the chiluren aslone. Lf
it is necessary to examine some adults o suil operational convenlience, this
can be done but will not be accounted for in the analysis.

(d) While under coverage, especially among the adults, may introduce zerious bilas
in the estimates, examination of more adults from additional villages to make
up the numbers may also again introduce gerious bias.

It must be remembered that a sample survey is not the same as mass case detection.
The only purpose of the zample survey ig to provide unbiased and reasonably precice
prevalence estimates for the entire community from which the samples are drawn. The
time, effort and resources spent on following up a4 sub-sample of the uncovered sample
population ie far more meanipgtul than the examination of a large number of individuals
who are not in the original sample selected.

A practical example will illustxrate the points mentioned above. Let us assume that
the expected prevalence in all age-groups 1s arouna 1,2% and the prevalence in the
agerproup 15 and above 2,3%Z. Further the population in this adult age—group 1ls 50% of
the total. Let us stipulate that the precision of the estimates should be such that the

coefficient of variation for adults ghowld be within 154 and that for children within
20%.

The expected age-specific prevalence in a situation similar to the above is usually
as follows:

Age-proup under 15 - 0,18%
Age~group over 15 = 2.3%

Under simple random sampling conditions the adequate sample sizes would be 1835
adults aod 13 863 children. Under the cluster sampling design, the sample size would
need to have beeuw increased four times. This would mean a sample size of 7340 aaguits
and about 32 000 children. Using a typical cluster design, (viz. villages or village
clusters of size 300) and assuming 50% of the population is 15 years of age and over,
this would mean examining a total population of 14 680 or around 2% clusters for the
adults and a child population of 55 500 that will be obtained from a total population of
110 0G0 or 220 ¢lusters.

The procedure will be to choogse 220 clusters at random and choose 29 from these

again at random. ¥From the 29 clusters the total population will be examined and from
the remaining 191 only children under 15 will be examined.

If for some reason only 60% of the selected adults could be examined, i.e. around
4400, it is suggested that a Ll0% sample of the remaining, i.e. 104 of 2%40 or 2% adults
be selected at random and every effort made to trace them.
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The total child population of 55 000 in the above example Seems unusually large.
This is because the prevalence in that age—group is very low. The desired degree of
precision means that if the sample prevalence is in fact U.18%, we should be in a
position to state that the 95% confidence limits are 0,18 + 0.07 (i.e. 40% of 0.18) or
between 0.25% and 0.11%. It may be enough if we could demonstrate that the child
prevalence is below 0.3%. In this case we will be asking for a precision expressed by
the coeffiecient of variation as being 0.06/0.18 or 33.33%Z. This would give rigce to @
sample size of 4941 by simple random sampling. Allowing for effect of clustering this
would mean examining four times* this number, or about 20 000 children, This would be
obtained from & total population of 40 000 or 80 clusters.

The 29 clusters selected primarily for adults will in fact yield 7340 children.
With the observed prevaleace 0.L8%, this gives rise to a 954 upper confidence limit of
0, 38%.

The sample sizes requived for children could perhaps be reduced If a relatiomship
could be established between the prevalence among adults and that among children. 1f
such g relationship is perceived, even during the survey (as for example in the selected
clusters) more refined methods of estimation are possible and the sample size for
citildren could be considerably reduced. Special statistical consultation i5 desirable
at this stage.

Stratification

Stratified ssmpling may be necessary in leprosy surveys for the following reasons:

1. Countries are usually divided into proviuces or States and leprosy coutrol is often
under the State health authorities. Information on the leprosy status will therefove he
required separately by States, or perhaps even by smaller administrative sub-divisons.

2. Usually information is required geparately for urban and rural areas as the
organization for leprosy control can be different for urban and rural areas.

3. From statistical considerations, stratification of the countty or State by endemic
levels will contribute to greater efficiency in the sampling design. For this purpose,

the area can be divided, on the basis of past experience, into hyperendemic, moderately
endemic and other aveas.

There are a number of other epidemiological variables known to be associated with
the disease such as age, sex, household contact atatus etc. Stratifiction on the basis
of these variables can theoretically contribute to greater efficiency, but operatiomally
may be inconvenient.

Unce the strata are decided on, random samples are taken in each of these
independently. The size of the sample {or the fraction of the population which it
represents) can be and usually is quite different for the different strata. The global
estimate (i.e. the estimate for the country ete) is the combination of the estimates for
the individual strata suitably weighed (i.e. after allowing for differences in sample
size).

#with the experience in Thailand.
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“. ORCANIZAVION OF A 5AMPLE SURVEY

When a sample survey is plammed to be carried out in an area, the project leader
should visit the area approximately o¢ne month before the planned date of commencement of
the survey. At this time he should jdentify the "key" person/persons in the ares whose
cooperation should be sought for the successful conduct of the survey. The objectives
and method ol the sample survey should be explained to him {in detail. He should be
couvinced that the information from the surveys is solely for plamning putposes and for
the ultimate benetit of the community. Names of individuals will be kept confidential
and publication will only be of aggrepated numbers. The "key” persons will themselves
givée reasons why individuals may not cooperate. Means will have to be mutually settled
Ol ways to ger over these reasons. Usually they are related to social stixma and fear
ol losing jobs. Perhaps, if the resulting non-cooperation iz serious, the wora
"leprosy” can be deleted from the name of the survey, 1f convenient it could be simply
called a "dermatologleal survey”. The leprosy diagnosis could be kept a secret between
the patient and the leprosy worker. If necessary the compietion of the dlaguostic
pertion of the record form could be coded.

Une important problem is often related to examination of women. The ways by which
this problem is overcome should be decided at an early stage. For instance a local
midwife or a trusted woman out of the community can be invitea to join the survey team
locally and refer to a team member all the skin abnormalities and deformities. Thig "
should be discussed with the key person who then would be in # position to obtain ‘
agreement {rom their people.

Opportunity should be taken at this time to obtain a detailed map of the area, the
latest census information in as much detail as possible (age, sex, etc. by villages or
town=~blocks, list of households, etc.). If census Information is not avallable recourse
must be had to other means of getting population estimates. Usually there exists some
indicaticon of the size of the population, either through censuses (though old) or
sample surveys or surveys done in some other connection, at least in parts of the area.
In one instance a list of tax-payere was available, This was multiplied by a factor
veflecting the estimated proportion of tax—pavers in the comaunity to give an
approximate first indication of the size of the population. In principle, if not
strietly necessary, tax—payet lists should not be used as any association between a
5urvey and taxes should be avoided. 1f, after an intensive search ne information is
available, one may have to resort to area sampling.

At the time of the first visit, Iinformation should be obtained on ethnic groups,
geographical areas etc. that should be excluded from the sample survey., Such exclusion
relates for example to noméds who cannot be reached, areas of unrest and others where
the survey will not be permitted to enter. For all such groups, the sige and location
of the group, should be ascertained and information obtained as to whether the group, if Q
included in the census, is well enough defined to be removed from the population figures
by district and community.

Other information that wouwld be of value is:

— how the population is distributed over rural and urban areas;

= extent to which they are scattered over large areas;
— accegsibllity of communities generally and during seasons;
— periods when people move out for work etc.

In general, the time of the year, week and day when one can hope to meet the population
easily.

Since cluster sampling wiil be the recommended design, this will be the time to ;
decide on the gize of c¢lusters. It is practical to regard as a cluster a village or a
group of villages in the pural areas. The averuage number of persons that can be
examined in a specified (say three-week) period of time must be determined after taking
into account the time for travel and preparation of work.
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Registration of the sample population

Before the actual commencement of the examinations the team leader and/or a memher
of the team responsible for statistics, should start registeving the sample populatiom.
Agcompanied by a person of authority im the community he should visit all liviong
quarters (including hospitals, rest houses, boarding schools ete. as well as homes) in
the selected clusters and register the persons residing there. The interval hetween
such visits and the actual examinations should be as short as possible as in some
instances the population ¢an be mobile.

Each household should be given a number, which is painted at the entrance of the
house or compound. An individusl card should be filled in for every person belonging to
the household, that is, who habitually sleeps in the house or has habitually slept there
and intends to return.

The following information should be recorded on the card:
Cluster number:
Name of village:
Household number;
Serial number!
Name: (first name and father's/husband's name)

Age: (if age is not stated, it should be estimated. For
children under 1 year of age, the age should be
given in months)

Sex:
Relationship to head of household:

Cards should alsoc be prepared for absent members of the household and for those
temporarily present in the house. Temporarily present may for convenience be defined as
“those who expect to sleep in the house on the mnight preceding the first day of
examinations but do not belong to the household™. 1f an entire househeold is away at
registration time, the numbex of persens in the household is estimated {or ascertained
from peighbours atec.) and a corresponding number of cards filled with the cluster,
household and serial numbers only.

The coverage ana consequently the reliability of the estimates depend very much on
the accuracy of repistration and hence great care must be taken at this stage. The main
principle is to include every member of the household included in the sample and exlude
others. 1f the correct status of an individual is difficult to establish, a careful
interview of the person and the head of the household is indicated and if deubt still
persists, the "doubtful” status should be recorded on the card.

A person is classified as "temporarily absent™(TA) if he belongs to the household
but is absent from the community and Is expected to remain absent on the night preceding
the examinations. A person who is simply away from home working io the fields or in a
factory or tradimg in the village or a mearby town but is expected to return to the
household at night is te be included in the examinations and must not he classified as
TA. Should every effort to locate and examine him fail, bhe is still neot classified as
TA but is gimply recorded as being absent during the examinations.
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A person is classified as temporarily present (IP) 4if he does not belong to the
household but is present at the registration and is expected to sleep in the house the
night befere the examination starts. No cards need be made out for casual visitors to
the house who do net intend to sleep there.

1f for sowme reason it is necessary to include in the examinations inaividuals who
are not in the selected sample {(e.g. at the reguest of the village chief etc.) a card
way be completed but the sentence "Does not belomg to Sample” written on the card in
beld characters diagonally across the card.

Information on the card should be checked on the day of examination. This is
particularly important for the ltems such as TA ant TP, as these refer, as stated above,
to the gbsence or presence of the person in the house on the night preceding the
examinations.

Persons appearing for examination who have not been registered are issued cargs aud

included in the examination only after the team has carefully checked that they do in
fact beleng to the sample group.

The work may be organized by house—to-house visits or by instructing all members of
the sample group to attend the examinations at a central place.

House~to-house visits are generally to be preferred In leprosy surveys, One of the
reasons 1s that this procedurse enables the team to become familiar with the sample group
and thereby to check completeness of registration and examinations. However there are
aress where it is difficult to perform & proper examination of the skin in the houses
when these have small windows and the illumination iz not sufficient., 1m such
situations one should look into the possibility of examining people at home but outside
the house or Iin a central place with proper illumination., Exemination at a central site
allows wuch less control of attendance and identification and should enly be used when
the population is go scattered that the team cannot reasonably be expected to cover the
area on foot., There may be considerable difficulty when exmaining at a central site in
identifying an individual and finding his card, especially it he does not attend with
his household.

Irrespective of how the work is organized the identity of the Iindividual is checked
at each examination by asking his name and father's name (in some cultures, and the
mother's name) checking the informarion against that regfstered on the individual card.
The examinee should be asked to give hie or her name; the team member does not suggest
the name or ask whether it is correct.

Every effort must be made to include in the examination everyone registered in the
sample group. Constant check should be kept on the coverage o that those who are net
appeating for examination can be found and special appointments made during the evening
or early morning hours when they can be expected to be home. 1n many cases repeat
visits ro the home may be necessary before the individual is able to or can be persuaded
to attend the examinations.

10, PRUCEDUKES AND (RITERIA FOR DIAGNOSIS
10,1 Introduction

The procedures and criterxia for diagnosis of leprosy in sample surveys should be
generally limited to what is possible in the field and to methods which can be appliea
in a reasonably standard and consistent mapner,

The diagnostic procedures are mainly clinical, and to gome extent bacteriological,
and therefore the examiners should have had adequate training in the specific methods
and should alsoc have had reasonable experience. 1o certain gituations it may be useful
Lo control this through verification of individuals identified as cases, suspects, and
normals by an independent reliable senior examiner, possibly, a physician.

®
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Problems in diagnosis arise mainly in two areas. (a) Larly lesiens, particularly
when some of them have only minimal or marginal evidence of leprosy. This would mean
that examipers should try to be as objective as possible. (b) Inactive lesions which
have become so0 either due to treatment or spontanecusly. As far as possible these

should be ideatified and exluded from the list of active cases.

10,2 Procedures for diagnosis

Procedures for diagnosis should include the following:

Inspection: Inspection of total body surface in good light and in a systematic
wmauner, Where cultursl situations demand, women examiners may be required. Minimum
time for inpspection should be 2 minutes. Asking the examinee about any patch o sensory
loss noticed by him mey be of value. Inspection involves looking for macules, papules,
diffuse infiltration, nodules, dry areas of skin, plantar ulcers, and deformities.

Palpation: Palpation of nerve trunks should always include ulnar ana lateral
popliteal merves. Other nerves should be examined as and when indicated.

Testing for sensory loss: Testing for sensory loss should be carried out (a) on all
gkin lesions the appearance of which is compatible with those of leprosy, (b) when a
° patient complains of numbness and (c) when there is a nerve trunk thickening even in the
absence of any skin lesion. Testing for semstation will be confined to light touch
{touch) and pin prick (pain). In some situatiomns only pin prick will be possible.

Skin smear examination: Skin smear examination should be carried out on all
individuals identified as having definite or doubtful leprosy. The examination,
including reading of smears, should be carxied out in the standard manner. Refer:
Smear Technique} measurement of the Bacteriological Index (BI): Doc.
TDR/THELEP/Protocol/B82.1 Appendiz 4.

Skin biopsies: At the planning stage a decision should be taken as to whether rhey
will be used. In general it seems appropriate to take blopsies only oo doubtful cases
or when it is difficult to distinguish between active and inactive states.

10.3 Diagnostic criteris and categorles:

For the purpose of the sample survey the examined population could be categorized as
belows

I. Multibacillary leprosy: S5Skin lesions compatible with leprosy with AFB positive
Smears.

. I1. Paucibacillary leprosy—active: (a) Anaesthetic skin lesions compatible with
leprosy and with AFB negative smears, or (b) Area of semsory loss over apparantly novrmal
gkin with thickened and tender nerve and with AFE negatlve smears,

111. Leprosy-inactive: Scarred anaesthetic skin lesions which would otherwise be
compatible with leprosy with AFE negative sumears.

IV. Leprosy—activity status doubtful: (&) Anaesthetic skim lesions compatible with
leprosy, with peither erythema, nor infiltratiom, nor scarring, and with AFB negative
smears, of {(b) Area of sensory loss over apparently normal skin with non-tender
thickened nerve and with AFE negatlve smears.

v, Doubtful leprosy: {(a) Non anaesthetic smear negative skin lesions otherwise
compatible with leprosy or (b) Nerve trunk thickenidng with no area of sensory less and
with AFB negative smears or (c) Area of sensory loss over apparently normal skin with no
nerve trunk thickening and with AFB nepative smears.
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VI, MNo lepiosy: No skin lesion, no uerve thickening, and no sensory loss
compatible with leprosy.

Ihe examination procedures are illustrated schematically in the adjoluing chart.
11, NON-SAMPLING ERRURS

Statistical theory is sufficiently advanced to contrel and minimise sampling
variarions. OUn the other hand the control of non—-sampling errors in medical surveys is
bound up with the precision in diagnosis ana the coverage ome obtains. Statistical
prionciples can be in—built into the survey operations to control or at least give
estimgtes of the variatiens that could be expected due to variations in diagnosis. The
ability to achieve a high coverage depends to a large extent on the socio—-cultural
setting and the leadership qualities of the survey persomnel.

Coverage plays an unusually important role in leprosy sample surveys, The disease
ls very often closely related to the characteristics of the population not covered
{(hereinaftex referred to as "no-respondents”) and this will seriously upset the
estimates based on the population covered and offset any advantages gained from a
sophisticated gampling design to control sampling errors., For this reason a
considerable part of the total expenditure for the sample survey must be set aside for
the control and management of non-response.

While it is hard to generalise and establish methods for coping with non-response,
it will nevertheless be useful to list below some of the comumonly observed causes for
non~response and suggest some measures to pinlwmise these.

11.1 Stigma attached to the disease

In most parts of the world there stiil exists a considerable amount of stigma
attached to the disease and the individuals are afraid to be identified as leprosy
batients. This could be got around to some extent by an intensive publie fuformation
exerclse assuring the population that the information will be kept strictly confidential
and the publication of the results will only mention numbers in aggregate. Further, if
an individual is suspected, in the general examination for patches, #tc., his subsequent
tecall for more detailed examination if any, will be arranged with the utmost discretion
20 that no one else will be aware of the recall. Further an undertaking should be
obtained from the health agencies, employers, etc., that the information on the surveys
will be treated as confidential and will be used only for statistical analysis, and this
undertaking should be extensively publicized.

1i.2 Incomplete exmmination of females

This is again s comon phenomenon, as it can be delicate and embarrassing or totally
unproductive to ask women to expose completely. This could be mitigated by employing
women workers {preferably elderly women or midwives) and enguring that the skin areas
normally covered by clothes, ete, are seen.
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1.3 lgnorance of the digsease and disregarding mild lesions

Sample surveys should be preceded by an intensive health education exercise
acquainting the gample population about leprosy ane the importance of diagnosing early
lesions, During the heaith education exercise, all individuals should be encouraxed to
attend the examination sessions. The popularion should be informed that this is
impertant not only for those who have noticed they have lesions and suspect the disease,
but that attendance is equally important for those who have no such suspicion because ot
possibilities of signs having escaped their notice.

1.4 Unwillingness of certain classes of the population, such as begpere, to be
brought under registration

This is a case for treating sample survey as something different from general
case—detection in a control programme. The initial publicity should stress the fact
that newly discovered patients will be given treatment or referred to the general
programae only on & voluntary basis.

1.5 Unzympathetic attitude of leprosy workers

This iz again a matter of educating the leprosy workers and perhaps eliciting the
cooperation of a social worker or a community health worker.

11.6 Apathy frowards sgurveys

The importance of sample surveys for planning or monitoring purposes 1s not readily
seen or sppreciated by most people. For many it has the appearance of an empty academic
exercise. Any public information programme to explain the objective of the sample
survey has to be supplemented by an assurance that any cases discovered will be treated
1f required and als¢ hold up an attraction that any other ailment discovered or reported
will be sttended to. It is most desivable for the team to carry with it a stock of some
of the common and inexpensive drugs and first—aid equipment. Nothing elicits public
sympathy and cooperation as tiuch as the age—old tradition of the “healer”, i.e. the
willingness to listen with sympathy to the ailments of the individuals and if possible
help to alleviate them.

11.7 Inaccessibility of selected villages, disappearance of villages listed in
census frames, absence of seasonal workersg

These are common to mest health surveys end unrelated to the disease in question.
They underline the importance of initial organization to check census frames, understand
seasonal peeuliarities such as monscoms which render places inaccessible. Planting and
harvesting seasons, market days and fegtivals ghouwld be avoided. 1In short, the
timetable of the visits should be well planned so as to ensure that the sample
population is, in fact, present in the selected villages when the team visits them.

The gurvey should finish not too late in the day {e.g. 12.00 - 1.00 p.m,) in order
to enable people to attend to their daily business. If the survey really has to
continue during the whole day the sample area should be cleatly divided into two or
three parts and the time when these parts will be visited should be clearly stated;
otherwise many people will become tired of waiting and will move. Temporary absentees
should be asked to come for examination in the afterncon.

It could happen that, in spite of the best preparatioms, a village selected from an
old list does not exist anymore or for some unforeseen reason a village is not
accessible, Usually another village is chosen at random to complete the work schedule.
In all such situations, it should be recognized rhat a certan "bias”™ coula have been
introduced. A judgement should be based on other epidemiclogical evidence.

®
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In some situations, such as in Savanna Africa, the adult males will be out working
for long pericds of time.

11.8 Identification of "key" persons

Identifying a key person who cartied influence in the village, eliciting his
cooperation and giving him some responsibility and a sense of importance, will greatly
help secure the cooperation of the population. The time and effort spent in cultivating
such a key person will be well worth-while.

11.9, Once all the phases of the preparatiom of a survey have been completed It will
be most desirzble to undertake a pre—survey before the actual survey starts. Such a
pre—survey will enable one to: examine the adequacy of the record—forms in relation to
the objectives of the survey and if necessary, to modify the same} ensure that the
methods to be applied are clear to the personnel undertaking the survey; review the
survey manual preparved for the use of rhese personnel and help complete their training.

Such a pre-survey should be carried out on a limited population, typical of the
population selected but not in the villages (or localities in the case of wrban
populations). Apart from helping to perfect the statistical procedures referred to
above such pre—surveys can provide relatively accurate indications on the personnel and
material requirements, the speed of the work and global estimates of the survey cost.

12, PERIODIC SURVEYS FOR EVALUATION

The base—-line survey establishes the magnitude of the problem in ali its facets and
helps organize sppropriate control activities. Sample surveys conducted in the area
periodically (say every 3 or 4 years) will help to monitor the effectiveness of the
control programme and help to initiate the alternarive strategies should the current
strategy prove insufficiently effective.

The following indicators are suggested for measuring the effecriveneas of a
programme :

(1) age and sex distribution of the cases;

{2} proportion of undetected cases {discovered in the survey) to the total
reglstered cases;

(3) proportion of active cases te the total;
{4) proportion of multibacillary cases to the total;

(5) proportion of patients discovered in the survey who are regularly taking drugs,

(6) proportion with disabilities.

Bias is likely to be introduced in the estimates if the same sample is used for each
periodic survey. It is therefore proposed that a system of panel sampling with partial
replacement be used. In this system a part of the original sample is retained and
another part chosen afresh. An example will make the application clear,

Let us suppose that a rural grea, with a population of one millioun, has heen
earmarked for an intensified leprosy control activity. lwenty-five clusters {(villages
or groups of villages) with a size of approximately 300 way have been choszen for the
base-line survey. In the next survey to be conducted after, say 3 years later, a new
set of fifteen clusters may be selected from the same area. These together with ten
clusters selected randomly from the original twenty-five could constitute the new sample,
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Of course one could design more sophisticated methods. For exampie, a fixed number
af the original clusters, selected at random, say 10, could be retained in the second
gurvey, the remainder (15 in the exawple; selected at random from the population after
excluding the clusters originally selected. A design of this nature over several
pericds may facilitate the cohotrt type of analysis. Depending on the type of analysis
one is interested in, the szmpling procedures ¢an be guitably designed, Sinece the
object of this guide i% to provide a simple procedure for monitoring the impact of
programmes on the community, the procedure mentioned in the previous paragraph would be
the most suitable, and refined procedures intended for in-depth epidemiclogical analysis
will not be dealt with.

1t has been the past experience that where a good control programme has been
started, reduction in the incidence has occurred over relatively short periods of time.
However, on theoretical grounds, consiaering the long incubation period of the disease,
the reduction in incidence among adults may not appeal to be commensurate with the
intensity of a leprosy control programme. The reduction among children, especimnlly

infants, should prima facie be substantial and dirvectly reflecting the control effort.
However, incidence 1w children is not high and recourse should be made to methods other
than pepulation based gample gurveys. Schools and MCH centres are possibilites,

whenever these gervices ¢over the population in these age—groups reasonably well,
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ANNEX 1

FORMULAE FOR STANDARD ERRORSY — CLUSTER SAMPLING

I, All clusters of equal size

a = number of clusters

] = ¢luster size

¥y = number with disease in cluster i
£ w gampling fraction¥

ri = yi/b

The estimate of proportion with disease r = Iyj

a.b
— (Ezi)z
a

v = variance of tr = (}-f)* T Yiz

ala-1)h"

s.e = gtandard error of ¥ = f v
95% confidence limits of r are r + 1.96 (s.e)

1i. Unequal clusters

& = pnumber of clusters

= the pize of cluster i

w the number with disease in cluster 1

r = gstimate of proportion positive (i.e, with diseage)
® x{ = total sample size

T z yi/ Ix; ; £ = sampling fraction*
v = variance of r = (1-£}* a r? L‘xiz + );y:;':2 - 2r inyj}
x2 (a=1}

g.4a = gtandard error ont = f v

95% confidence limits of r are r + 1.96 (a.e)

#may bhe ignored if the sample represents a small proportion
{e.x£. less than 5%) of the population.




