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Purpose of this paper 

 

This paper was written as a technical supplement to the manual Filarial antigenemia 

surveys to decide if mass drug administrations to eliminate lymphatic filariasis can be 

stopped: a manual for survey planners.
1
  The manual describes several recommended 

changes in surveys to determine if MDAs can be stopped compared to the guidelines for 

such surveys in the earlier manual Monitoring and epidemiological assessment of the 

programme to eliminate lymphatic filariasis at implementation unit level.
2
   The rationale 

for these changes is described in the manual.  The manual describes a new algorithm for 

selecting the survey design and sample size.  These technical notes explain in greater 

detail the rationale for some of choices made in constructing the algorithm and the 

rationale for different choices made in constructing the algorithm.  It is assumed that the 

reader has already read the manual.     

 

  

Background.  The range of survey-relevant characteristics of IUs 

 

The choice of antigenemia survey design takes several IU characteristics into account, 

including the total size of the target population, the primary net school enrolment rate
3
, 

the number of primary schools, and the average number of school entrants per primary 

school, and the average number of 6-7 year-old children per census enumeration area 

(EA).  Annex 1, a first attempt to compare these characteristics across WHO regions, 

shows wide differences between countries in some of the characteristics. 

 

Among the countries in Table 1, primary net enrolment rates vary from 100% in Kiribati 

to 69% in the Cook Islands and 48% in Burkina Faso.  Thus both school surveys and 

household surveys are needed if a net primary enrolment rate of at least 75% is accepted 

as requirement for school surveys as opposed to household surveys.  Although school 

surveys will be the norm in most regions, household surveys will be needed more often in 

several endemic countries in sub-Saharan Africa.   

 

IUs differ greatly in respect to the size of the target population size.  For example, among 

the countries in Table 1 where the primary net enrolment rate is ≥75%, the estimated 

mean number of first and second graders per IU varies from 156 in the Cook Islands to 

the range of 5000-9000 in Burkina Faso, Kiribati, Tanzania, and Togo, to 15,008 in 

Tanzania, to 51,126 in Orissa State, India.  The only example given in the 2005 module 

of conducting an antigenemia prevalence survey of school entrants in an IU assumes a 

total of 180,000 school entrants, which is unrealistically high. The mean total number of 

6-7 year-olds in IUs shows a similarly wide range.  

 

In preparing Annex 1, data allowing the average total population of census enumeration 

areas (EAs) were available only for the 1432 EAs in Ouémé and Plateau Departments, 

Benin, and for the 630 EAs in Kara Region, Togo.  The average total EA population in 

                                                 
1
 Deming M and Hyunshik L.  Filarial antigenemia surveys to decide if mass drug administrations to 

eliminate lymphatic filariasis can be stopped: a manual for survey planners. [Draft: June 12, 2009].  
2
 Monitoring and epidemiological assessment of the programme to eliminate lymphatic filariasis at 

implementation unit level.  World Health Organization.  Geneva.  WHO/CDS/CPE/CEE/2005.50. 
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these two areas is similar (795 and 930, respectively) as well as the estimated number of 

6-7 year-olds per EA (48 and 49, respectively).  

 

As discussed in further detail below, the ranges of values in Annex 1 document the need 

for six survey design options: testing all school entrants, an LQAS survey of school 

entrants, a cluster sample of school entrants, a census of all children 6-7 years old, an 

LQAS survey of all children 6-7 years old, and a cluster-sample survey of all children 6-7 

years old.   

 

 

The LQAS antigenemia survey design proposed in the 2005 manual 

 

LQAS designs are meant to test the hypothesis that the prevalence of a binary outcome is 

above or below a designated level.  LQAS decision rules are based on the cumulative 

binomial probabilities that an outcome of interest occurs no more than a designated 

number of times (d) in n trials of elements drawn from a “lot” (LQAS was first developed 

for quality control in manufacturing), given a specified probability of the outcome 

occurring in any single trial.   

 

In the context of an antigenemia survey of school entrants, n=the number of school 

entrants in the sample in an IU, “lot”=all school entrants in the IU, and d=the maximum 

number of antigenemic children there can be in the sample for the lot to “pass” (meaning 

that MDAs would be stopped).    

 

In the 2005 manual, the null hypothesis in the proposed LQAS survey is that true 

prevalence of antigenemia (p) is ≥ 0.1%.  The alternative hypothesis is: p<0.1%.   The 

manual proposes the LQAS scheme n=3000, d=0.  In other words, if no school entrant is 

antigenemic in a sample of 3000 school entrants, then the null hypothesis is rejected and 

MDAs are stopped.  However, if one or more of the school entrants is antigenemic, then 

the null hypothesis is not rejected and MDAs continue.  

 

 

A practical difficulty of the LQAS design in the 2005 manual: the large number of 

schools that need to be visited if school entrants are selected with systematic sampling 

 

This difficulty was not encountered in the first two surveys of school entrants, conducted 

in Tonga and Vanuatu.  In Tonga, there were fewer than 3000 school entrants and all 

(2505) were tested.  In Vanuatu, all 4752 children of school-entry age (6 years old) were 

tested (personal communication, Timothy Bryar).   

 

As antigenemia surveys were planned in Sri Lanka, where IUs have relatively large 

populations and large numbers of primary schools, systematic sampling (proposed as the 

means for selecting school entrants for LQAS in the 2005 manual) was found to be 

                                                                                                                                                 
3
 The number of pupils of the theoretical school-age group for a given level of education, expressed as a 

percentage of the total population in that age-group. 
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impractical because of the large number of primary schools in each IU that needed to be 

visited. 

 

Table 1 shows an analysis of this aspect of the survey design proposed in the 2005 

manual, assuming it were conducted in Puttlam District, the IU in Sri Lanka where the 

first antigenemia survey in Sri Lanka was planned.  Puttlam District had an estimated 

14,379 school entrants during the 2007-2008 school year, enrolled in 328 schools.  In all, 

an estimated 324 of these schools would have needed to be visited by the survey teams, if 

the survey had been conducted in accordance with the 2005 manual.  Since the sampling 

interval would have been 4.8 (14,379 school entrants/3000 school entrants in the sample), 

only those schools with at least one school entrant but fewer than 5 had a chance of being 

“skipped” in the systematic sampling.   

 

As Table 1 also shows, lumping districts greatly increases the number of schools that 

would need to be visited, even though more schools are “skipped,” because of the larger 

sampling interval.  Since the sampling interval increases as the total number of school 

entrants increases, fewer and fewer children are selected in each school visited.  For 

example, if three districts are combined, each with the same number of schools and 

school entrants as Puttlam District, the sampling interval would be 14.4 and 881 schools 

would need to be visited.  

 

 

Table 1. Number of schools that would need to be visited to obtain a sample of 3000 

school entrants by systematic sampling, assuming (as in Puttlam District) a total, per IU, 

of 14,379 school entrants and 328 schools with at least one school entrant 

 1 IU 
2 IUs 

combined 

3 IUs 

combined 

A: Sampling interval 4.8 9.6 14.4 

B: Schools with at least 1 school entrant 328 656 984 

C: Schools where the number of school entrants is 

<the sampling interval (that might not be selected) 
11 104 285 

D: Number of these schools, on average, that would be 

selected 
7 68 179 

E: Total schools, on average, expected in sample  (B-

C+D) 
324 620 878 

 

 

As Table 2 shows, the need to visit a large number of schools persists when n is 

decreased.  In this example, n is reduced by 90% (to 300). Nonetheless, 191 schools 

would need to be visited in Puttlam District and 279 schools would need to be visited if 

three districts like Puttlam District were combined.   
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Table 2.  Number of schools that would need to be visited to obtain a sample of 300 

school entrants by systematic sampling, assuming (as in Puttlam District) a total of 

14,379 school entrants per IU and 328 schools with at least one school entrant 

 1 IU 
2 IUs 

combined 

3 IUs 

combined 

A: Sampling interval (14,379 x number of IUs/300) 47.9 95.9 143.8 

B: Schools with at least 1 school entrant 328 656 984 

C: Schools where the number of school entrants is      

< the sampling interval (that might not be selected) 
235 582 939 

D: Number of these schools, on average, that would be 

selected 
98 181 234 

E: Total schools, on average, expected in sample  (B-

C+D)  
191 255 279 

 

 

A large part of the time and expense of the LQAS antigenemia survey in Puttlam District 

that was initially planned (in accordance with the 2005 manual) resulted from the number 

of schools that needed to be visited.  Therefore, the Ministry of Health asked the World 

Health Organization if the sampling design could be changed to cluster sampling, using 

schools as primary sampling units.  Other countries with a large number of primary 

schools per IU may find systematic sampling impractical for the same reasons.   

 

 

 

A problem with the d=0, n=3000 LQAS scheme: high risk of Type II error 

 

The true prevalence of antigenemia before an LQAS survey is unknown, but the 

performance of a proposed LQAS design is evaluated in respect to assumed levels of 

prevalence.   

 

The LQAS plan proposed in the 2005 manual is d=0 and n=3000.  As shown in Table 3, 

if the true prevalence of antigenemia among school entrants is 0.1% (i.e. just above the 

target antigenemia range), then the probability that no antigenemic child would be found 

in a sample of 3000 children is 0.05.  As the assumed prevalence increases (for example 

to 0.11% or 0.12%), the probability of finding no antigenemic child decreases. Thus the 

maximum probability of a Type I error (of passing a lot when in fact it should fail) is 

0.05.  This risk of a Type I error is commonly accepted in statistical testing.  It is 

equivalent to being able to say:  “If you find at least one antigenemic child out of 3000, 

you would be right 95% of the time (in an infinite number of surveys) in concluding that 

the true prevalence is ≥ 0.1%” 

 

However, the LQAS scheme does not perform as well in respect to Type II error, which 

is the probability of accepting the null hypothesis when in fact the null hypothesis should 

be rejected (i.e. the error of failing a lot that should pass).  The fifth column of Table 3 

shows the probability that a lot will fail (that there will be at least one antigenemic child 
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in the sample) if the target prevalence range truly has been reached (is <0.1%).  If the 

target prevalence range has been reached but not by a wide margin, the risk of Type II 

error is high.  For example, the risk of Type II error is 90.9% if true prevalence is 0.08%.  

The prevalence of antigenemia needs to be 0.02% (far below the threshold value of 0.1%) 

for the risk of Type II error to be less than 50%.   Power (the probability of passing when 

true prevalence is in fact <0.1%), is a complementary expression of the risk of Type II 

error and is equal to 1-the risk Type II error. Thus power (usually expressed as a percent) 

is only 9.1% when true prevalence is 0.08%, rising to 54.9% when true prevalence is 

0.02%.   

 

In using LQAS with d=0, n=3000, there is a substantial risk that IUs that have reached 

the target prevalence range of <0.1% would fail repeatedly to demonstrate this 

achievement.  It was not the intention of the public health experts responsible for LF 

elimination for the achievement of reaching the target range to be so difficult to 

demonstrate.   

 

The performance of LQAS for program evaluation purposes is often evaluated by its 

ability to correctly classify very good lots and very bad lots, accepting that lots of 

intermediate quality will frequently be misclassified.  However, this way of using LQAS 

does not fit the needs of LF elimination, since there is no middle zone where 

misclassification is of minor consequence.  All Type II errors result in the unnecessary 

use of substantial resources and all Type I errors put the achievement of LF elimination at 

risk.  
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Number of 

times binary 

outcome A 

occurs 

(antigenemic 

child)

Number of 

independent trials 

(number of 

children tested)

Probability of 

outcome A in 

each trial 

(prevalence of 

antigenemia in 

target age group)

Cumulative 

probability that d=0 

(that there is no 

antigenemic child).  

Shaded cells show 

risk of Type I error*  

Cumulative 

probability that 

d>0 (that there is 

at least 1 

antigenemic 

child). Shaded 

cells show risk of 

Type II error†.

Power (1-

Type II 

error)‡

0 3000 0.0013 0.020 0.980

0 3000 0.0012 0.027 0.973

0 3000 0.0011 0.037 0.963

0 3000 0.001 0.050 0.950

0 3000 0.0009 0.067 0.933 6.7%

0 3000 0.0008 0.091 0.909 9.1%

0 3000 0.0007 0.122 0.878 12.2%

0 3000 0.0006 0.165 0.835 16.5%

0 3000 0.0005 0.223 0.777 22.3%

0 3000 0.0004 0.301 0.699 30.1%

0 3000 0.0003 0.407 0.593 40.7%

0 3000 0.0002 0.549 0.451 54.9%

* Error of concluding that prevalence is <0.1% when in fact it is ≥0.1%

† Error of concluding that prevalence is ≥0.1% when in fact it is <0.1%

‡ Probability of concluding that prevalence is <0.1% when it truly is <0.1%

Table 3.  Risks of Type I and Type II error using LQAS decision rule d=0 with n=3000, by filarial 

antigenemia prevalence (assumes an infinitely large population). 

n/a

 

 

CHANGES RECOMMENDED FOR THE NEW MANUAL 

 

Adjustment for the new antigenemia threshold prevalence of 2.0%    

 

If the 2005 antigenemia survey guidelines remained the same except for adjustment to 

match the new antigenemia target threshold of 2.0% (rather than 0.1%), then the only 

change necessary would be a change in the sample size that is inversely proportional to 

the 20-fold increase in the threshold.   In other words, the risks of Type I and Type II 

error with n=150 (3000/20) and d=0 are the same as when the threshold is 0.01%, n=3000 

and d=0 (see first row of results in Table 4). 

 

Adjustment for the new antigenemia threshold prevalence of 1.0%   

 

As mentioned, program managers may want to raise the antigenemia threshold 

prevalence to only 1.0% in IUs where Aedes polynesiensis is the principal vector.  In this 

case, the same risks of Type I and Type II error are achieved with n=300 (3000/10) and 

d=0 (see the first row of results in Table 5).  
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Decrease in the risk of Type II error 

 

In LQAS, the risk of Type II error can be decreased while the risk of Type I error is kept 

low by  increasing n and d, as shown in Table 4.   Since the decreased risk of Type II 

error comes at the cost of increased sample size, it is important to decide what remaining 

level of risk for Type II error is acceptable.  This can only be done by linking Type II 

error risk to a specified true prevalence of filaremia.  Subsequent calculations in this 

paper aim for a Type II error risk of about 0.25 or less when prevalence has been reduced 

to half the threshold level.  Table 4 shows how this risk level is approached by increasing 

values of n and d and then achieved when n=850 and d=10, assuming the target 

prevalence range is <2.0%.  In other words, if antigenemia prevalence has been lowered 

to 1.0%, there would a 76.4% chance of demonstrating that the antigenemia prevalence 

goal of <2.0% has been reached if n=850 and d=10.  The maximum risk of Type I error 

(of finding ≤ 10 antigenemic children when the antigenemia threshold is 1.0%) would 

remain low (0.048). 

 

 

 If p=0.02  

Risk of Type I error* Risk of Type II error Power

0 150 0.048 0.779 22.1%

1 250 0.039 0.714 28.6%

5 500 0.065 0.384 61.6%

9 750 0.068 0.223 77.7%

10 850 0.048 0.236 76.4%

*Maximum risk of Type I error, since this risk is smaller for all values of p>0.02 

Table 4.  Power for demonstrating that antigenemia prevalence is <2.0% for different values 

of n  and d, assuming that true prevalence (p) is 1.0%, while keeping the risk of Type I error 

at about 5% or less. 

d n

If p=0.01

 
 

 

As Table 5 shows, if the antigenemia prevalence threshold is 1.0% and true prevalence is 

0.05%, then the same risks of Type I and Type II error are obtained by doubling the 

sample size in Table 4. 
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 If p=0.01  

Risk of Type I error* Risk of Type II error Power

0 300 0.049 0.778 22.2%

1 500 0.040 0.713 28.7%

5 1000 0.066 0.384 61.6%

8 1500 0.037 0.338 66.2%

10 1700 0.048 0.236 76.4%

*Maximum risk of Type I error, since this risk is smaller for all values of p>0.01 

Table 5.  Power for demonstrating that antigenemia prevalence is <1.0% for different values 

of n  and d, assuming that true prevalence is 0.05% and while keeping the risk of Type I error 

at about 5% or less. 

d n

If p=0.005

 
 

 

Adjustment of LQAS sample sizes for finite populations 

 

By proposing a single set of values for n and d, the 2005 guidelines needed to ensure that 

these values would be sufficient even for very large survey populations.  Similarly, the 

values of n and d recommended in Tables 4 and 5 are sufficient to provide the desired 

maximum risks of Type I and Type II error no matter how large the survey population is. 

 

However, LQAS sample sizes, like sample sizes for other survey designs, can be reduced 

when population size is recognized as finite.  When the sample size (assuming an infinite 

population) is 10% or less of the population actually being sampled, it makes relatively 

little difference whether or not the sample size is reduced to account for sampling from a 

finite population, but when the sampling fraction is larger it is generally worthwhile to 

use the reduction.
4
 

 

For LQAS, the reduction is achieved using the hypergeometric distribution function, 

which returns the probability of observing a specified number of a binary outcome in n 

trials without replacement, given the assumed prevalence of this outcome in a finite 

population N.   In Annex 2 (for IUs where the prevalence threshold is 2.0%), this 

reduction is used for all values of N less than 50,000 (N=the estimated number of first 

and second graders in an IU for school surveys or the estimated total number of 6-7 year-

old children for household surveys).  Based on the expected N in the countries included 

in Annex 1, N will be ≤50,000 or less for the large majority of IUs.   

 

The reduction in the sample size is substantial for small values of N.  For example, in an 

IU with 700 first and second graders, only 365 would need to be tested in an LQAS 

survey to demonstrate that the prevalence of antigenemia is <2.0%, whereas in IU with 

6500 first and second graders, a sample size of 762 would be needed.   

 

                                                 
4
 When a simple random sample is selected from a finite population, its variance for the sample mean is 

reduced by a factor of one minus the sampling fraction.  This factor is called the finite population 

correction. 
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The values for N, n, and d for LQAS surveys in Annex 2 all limit the risk of Type I error 

to <5.0% while providing power in the range of 75%-82% to demonstrate that 

antigenemia prevalence is <2.0% when in fact it is 1.0% 

 

Annex 3 provides values of n and d that limit the risk of Type I error to <5% and provide 

similar power for demonstrating that antigenemia prevalence is <1.0% when in fact it is 

0.5%.  Sample sizes are reduced for finite populations with values of N<18,000. 

      

 

Specifying the minimum threshold value of the population size (N) to determine whether a 

sample survey of school entrants should be used or if all target children should be tested.  

 

Annexes 2 and 3 both recommend that all target children be tested if the number of target 

children (N) is below a specified maximum number (<400 and <1000, respectively).  The 

reason for this recommendation is that the sampling fraction when N is this low is so high 

that the reduction in sample size compared to testing all target children would not be 

worth the additional work of sampling.  

 

 

 

Revised method for selecting children within schools 

 

In the 2005 manual, the guideline for selecting school entrants within schools is to use 

systematic sampling.  As mentioned above, the example in this manual for how to do 

systematic sampling assumes a total of 180,000 school entrants in an IU and a sampling 

fraction of 1/60, to produce a sample size of 3,000.  A number would randomly be chosen 

between 1 and 60 (call it r); the child with this number would be selected, as well as with 

children r+60, r+120, r+180, etc., until a number is reached that is higher than the 

number of school entrants in the IU.  Then using a list of all schools in the IU with at 

least one school entrant and their cumulative size in number of school entrants, the series 

of numbers would be used to identify schools to be included in the sample and the 

number of school entrants to be selected at each sampled school.  After arriving at the 

school, the survey team would then generate another list of numbers in the same way and 

select 1 school entrant out of 60 at the school. 

 

The main reason for re-considering this guideline is that it would not accurately produce 

the sample sizes that would most often be needed.  The population of school entrants in 

an IU used as the example above (180,000) is much higher than the ones that will be 

encountered in practice (see Annex 1).  The total number of school entrants will usually 

be no higher than a few thousand.  Rather than 1/60, sampling fractions will more 

commonly be considerably larger (see Annexes 2 and 3).   

 

Systematic sampling is relatively easy for survey teams to use when the numerator of the 

sampling fraction is 1.  For example, if the sampling fraction is 1/3, then school entrants 

could be asked to form a line; a random number r between 1 and 3 would be chosen and 

the corresponding student in line would be selected for the sample, as well as students 

r+3, r+6, r+9, etc., until reaching the end of the line.  
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However, restricting the numerator of sampling fractions to 1 limits the ability to achieve 

the sample sizes needed.   For example, if the sample size needed is 42% of the survey 

population, then the sampling fraction with a single-digit numerator that would come 

closest to producing this sampling fraction is ½.  However, the use of ½ would not only 

be wasteful by producing a larger sample size than needed; it would also lead to risks of 

Type I and Type II error that are different than intended, since the value of d that will be 

used to analyze the survey is linked to the intended value of n.  Since d must remain an 

integer, it cannot necessarily be changed to fit an actual sample size that is different from 

the sample size while preserving the intended minimum risks of Type I and Type II 

errors. 

 

Allowing the numerator to be a single digit other than 1 considerably increases the ability 

to come close to achieving the desired sampling fraction.  For example, the sampling 

fraction 3/7 would be a good choice if the desired sampling fraction were 42%.   

 

Using sampling fractions with a digit other than 1 in the numerator requires the use of 

decimal points in systematic sampling.  For example, the sampling fraction 2/7 could be 

used by selecting a random number between 0.1 and 3.5 and then adding 3.5 to the 

random number as many times as needed to reach the end of the line of target-grade 

pupils, always rounding to the nearest higher integer when identifying the pupils who 

correspond to the numbers selected. Thus, systematic sampling with decimal points is 

somewhat more complicated than when using sampling fractions with a numerator of 1 

(such as ½, 1/3, and ¼), and less familiar to survey team members. 

 

The following options were considered as alternative methods for the selection of 

children within schools. 

 

Systematic sampling, for which survey teams generate selection numbers:   This 

would be the same method recommended in the 2005 module except that survey 

teams would be asked to do systematic sampling with decimal points.  The 

disadvantages of this option are the slightly increased time and complexity it adds 

to field work 

 

Systematic sampling, for which survey planners generate a single list of sample 

numbers to be used at all schools and survey teams re-use the same list at each 

school:  This option aims at keeping the advantage of using more complex 

sampling fractions while eliminating the time and complication for survey team 

members of generating these numbers in the field.  The survey planners or another 

person at the IU or a higher level would generate a single list of numbers for 

systematic sampling to be used in all schools, using whatever sampling interval 

corresponds to the desired sampling fraction and based on a random starting 

number.  The list of numbers would need to be long enough to work at any school 

(even a school with a large number of first and second graders).  

 

The main advantage of this approach is simplicity for survey team members.  

After first and second graders are asked to form a line (or otherwise arranged in 
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consecutive order), survey team members would select (for example) students 3, 

6, 10, and 13, etc., until reaching the end of the line.  The same list is used for all 

sample schools. 

 

If the random number happened to identify student 4 as the starting point, then no 

school with less than 4 school entrants would contribute a school entrant to the 

survey sample.   This is not a violation of probability sampling, since at the start 

of the sampling all target-grade students have the same chance of being chosen.  

However, if there are schools with so few target-grade students, all would be 

excluded from the sample.  On the other hand (a resource-saving advantage) such 

schools would not need to be visited if it were known in advance that they had 

such a small number of target-grade students. An important disadvantage is that 

the sample size will fluctuate depending on the random start number, possibly 

resulting in a much larger or smaller final sample size than expected. 

 

Using this method, survey teams would always know (since the same list is used 

in all schools) which of the first students in line would be selected and which 

would not.   

 

Systematic sampling, for which survey planners create two lists of sample 

numbers to be used alternatively for schools (the recommended option).  This 

option is the same as the one described above except that two lists would be used 

instead of one to provide greater control over the final sample size.  List A would 

be generated as usual, with the selection of a random starting point r and the 

addition multiple times of the sampling interval.  The risk of using only List A is 

that the selection of an r that is low or high within the sampling interval could 

have a substantial effect on the sample size by re-using it in every school.  For 

example, if the sampling interval is 9.0, r=8.8 would always lead to the selection 

of 3 first and second graders in a school with a total of 30 first and second graders 

compared to the selection of 4 first and second graders in the same school if 

r=1.0.   The survey sample size needs to be close to the expected sample size 

because the value of d used to analyze the survey provides the expected risks of 

Type I and Type II error only with the specified value of n.  

 

To gain better control over the final sample size, a second list of sampling 

numbers can be used, as follows:  List A is generated as described above.  The 

value of r to be used in generating List B is set to be the sampling interval minus 

the r used in List A.  If the r in list A is high within the sampling interval (like 8.8 

in the example above), the value of r to be used to construct List B would be low 

(9.0-8.8=0.3).  Survey teams would be given lists A and B and instructed to 

choose one or the other at a school by flipping a coin after students have been 

arranged in the order in which they will be numbered and selected.  

 

The advantage of this option is that it also reduces the time and complexity of 

sampling for survey teams (since the lists of sampling numbers they use are 

already prepared), while introducing greater control over the sample size.  Its 

disadvantages are that it requires more work by survey planners and, compared to 
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the single-list option described above, requires the additional task in the field of 

alternating between lists.   

 

Systematic sampling, for which survey planners generate a single list of sample 

numbers to be used at all schools, continuing further down the list at each new 

school:  This variation of systematic sampling would avoid the exclusion of 

schools with a small number of first and second graders as well as the risk that 

comes with using the same list of numbers at each school of ending up with a 

sample size that is too small or too large.  Instead of re-starting with the first 

numbers on the list at each school, survey teams would continue going down a 

single list long enough to cover all the schools visited by a team.  For example, if 

the listed numbers were 4, 8, 12, 16, 20, 24, 28, etc., and if there were only 9 first 

and second graders at the first school visited, then among the 9 students the 

survey team would select students 4 and 8.  If the second school had 15 first and 

second graders, they would be given numbers 10-24, and the students with 

numbers 12, 16, 20, and 24 would be chosen.  The disadvantage of this method is 

the need for survey teams to keep a cumulative count of first and second graders 

from school to school and assign numbers to students in each new school visited 

according to the cumulative count, using a long sampling list. 

 

To simplify this procedure, an alternative is to renumber the students in the next 

school differently, by adding the remnant of the previous school to the student 

number, instead of starting from the last number of the previous school.  For the 

above example, the remnant of the first school is one, so the student number for 

the second school starts from 2 and goes on to 3, 4, …16.  Then students 4, 8, 12 

and 16 will be selected.  This school leaves no remnant, so the student number for 

the third school starts from 1. Done this way, the list used for systematic sampling 

can be much shorter.    

 

Bernoulli sampling:  In Bernoulli sampling, each element of a is population   

sampled is subjected to an independent probability determination of whether the 

element becomes part of the sample or not with the same probability of selection.  

Each determination is called a “Bernoulli trial.”  For example, if the desired 

sampling fraction were ½, a coin could be tossed for each first and second grader 

to determine if he or she is in the sample.  For other sampling fractions, more 

sophisticated means for conducting each Bernoulli trial would be necessary.  For 

example, if the sampling fraction were 0.42, a random numbers table could be 

used to randomly identify a number between 00 and 99 (each of these numbers 

having an equal chance of selection) and a first or second grader would be 

selected if the number were between 00 to 41 and not selected if the number were 

42 to 99.  Alternatively, a portable calculator with a random number generator 

could be used to generate such a number.   

 

Bernoulli sampling is conceptually straightforward but requires the time to make 

a separate selection decision for each school entrant, which can be difficult for the 

field workers to implement.  Another disadvantage is that the sample size is not 

fixed but random, although this would not be expected to cause major differences 
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between the sample size actually obtained and the sample size that is sought and 

hence alter the validity of the test result. 

   

Simple random sampling:  This method of obtaining a sample of first and second 

graders with a fixed probability of selection would work as follows:   

The total number of first and second graders (Ni) in any school i visited by survey 

teams would be counted, and this number would be multiplied by the desired 

sampling fraction and rounded to the nearest integer (ni).  All first and second 

graders would then be given a slip of paper of the same size, and their teacher 

would write the student’s name on it.  The slips of paper would then be put into a 

“hat” (or large envelope or small sack) and shuffled.  In all, ni slips of paper 

would be withdrawn one by one and not replaced.  The students whose names are 

on the withdrawn slips would be selected for the sample.   

 

This method would be understood intuitively and easily learned.  Further, an 

element of fun and perhaps educational value could be introduced by having 

students themselves draw names from the “hat”.   It would require giving teachers 

the time to write names on each first and second grader’s slip, but the time needed 

to do this should not be a major obstacle.  The main drawback of the method of 

sampling is that it could exclude schools with very small numbers of first and 

second graders  For example, if the sampling fraction were 1/10, then no school 

with 4 or less first and second graders would be chosen since (1/10)(4) rounds to 

0.  This is different from the possible exclusion of such schools in systematic 

sampling (see above), because students in the school would have no chance of 

being selected by this method.  The survey population, in effect, would be limited 

(in this example) to schools with at least 5 first and second graders.  This would 

not be a problem in countries where the rounded product of the sampling fraction 

and Ni for the school with the smallest number of first and second graders is at 

least 1.   

 

To avoid the problem of excluding many schools because they are so small they 

have no chance of selection, such schools could be merged, for sampling 

purposes, with the next school on the sampling frame.  For example, if the 

sampling fraction were 1/10, a school with only 4 first and second graders could 

be merged with the next school on the sampling frame so that the two schools are 

treated as a single school for sampling purposes.  If the next school on the 

sampling frame had 34 first and second graders, (4+34)(1/10)=4 students would 

be selected by simple random sampling from among the 38 first and second 

graders at the two schools.  However, merging schools in this way would increase 

the complexity of field work by survey team members. 

 

Semi-equal probability sampling (quasi simple random sampling):  All first and 

second graders are asked to form a circle in any order they please and are counted.  

The total number (Ni) is multiplied by the desired fraction and rounded to the 

nearest integer to identify the number to be selected (ni).  Select a student in an 

arbitrary manner and select the next ni students on the right or the left in the circle 

into the sample.  This procedure would be equal probability sampling to the extent 
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that the circle is formed randomly.  Like the simple random sampling method 

described above, it has the disadvantage of excluding very small schools for 

sample selection. However, it is quick and easy and a viable option if time is 

short. 

 

Recommended option for sampling within schools: For simplicity, only one of the 

above options is recommended in the new manual, the use of Lists A and B.  This 

method is favored because it offers probability sampling and good control of 

sample size while keeping the time and complexity of sampling for survey teams 

close to a minimum.  However, survey planners could use another option if they 

think it would work best for them.   

 

 

Provide the option of cluster sampling in schools while maintaining the critical-value 

approach to survey data analysis 

 

Guidelines for a school-based cluster-sample survey are provided to respond to Sri 

Lanka’s request for a sampling method that requires visiting a smaller proportion of 

primary schools than would be necessary with LQAS.  To keep the analysis of such 

surveys as simple as possible, a critical value called “d_cluster” in Annexes 2 and 3) is 

proposed for deciding whether IUs “pass” (MDAs can be stopped) or “fail” (MDAs 

should continue).  In this respect, the cluster sample survey would be analyzed like the 

LQAS surveys.   

 

To calculate the critical value d_cluster and sample size for a cluster-sample survey for a 

population of size N that provide the same power and low risk of Type I error as when an 

LQAS survey is conducted for the same population with critical value d and sample size 

n, these values (d and n) for the LQAS design are multiplied by the cluster-sample design 

effect.  

 

Since the design effect of the cluster sample design is usually unknown, the usual 

approach is that the cluster sample is used to calculate a point estimate and confidence 

limits of the parameter being measured (for example, the prevalence of antigenemia).  

Conclusions (for example, whether antigenemia prevalence is <1.0%) are made based on 

the confidence limits.  For antigenemia surveys, the one-sided upper 95% confidence 

interval could be used to decide if antigenemia prevalence is <1.0%.  Such an analysis is 

accurate but requires an estimation of the standard error of the point estimate of the 

prevalence rate, which takes computer analysis skills and specialized software.  In 

contrast, the accuracy of the critical-value approach described above (the degree to which 

it provides the expected power and desired low risk of Type I error) depends on how well 

the assumed design effect matches the actual design effect.   

 

The critical-value approach has major practical advantages:  It does not require the use of 

software for cluster survey analysis; just like an LQAS survey, it allows the stop-continue 

MDA decision to be made immediately after the completion of survey field work without 

the need for analysis by computer.  In fact, surveys could be stopped as soon as the 

number of antigenemic children surpasses d_cluster without completing the survey.  
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However, this is not recommended since the resulting partial sample would not provide 

an adequately accurate estimate of the prevalence of antigenemia, which is useful for 

comparing antigenemia prevalence across surveys and for having an indicator of how 

much progress needs to be made to reach the antigenemia prevalence goal.  Also, 

stopping the survey might keep “hot spots” from being identified that could be identified 

if the survey were completed.  

 

Like LQAS sample sizes, cluster-survey sample sizes can be reduced for finite 

populations.  However, if the cluster-survey sample size has been calculated by 

multiplying an LQAS sample sizes calculated with the hypergeometric function for a 

finite population, then the cluster-sample size is already appropriately reduced.
5
    

 

Of note, the critical-value approach, whether used with LQAS or cluster sampling, does 

not require a smaller sample size than the point-estimate and one-sided confidence 

interval approach, given the same requirements for the low risk of Type I error and for 

power.  Mathematically, they are they are equivalent except for small differences due to 

rounding.   

 

 

Provide guidance to survey planners on when to use an LQAS design or a cluster-sample 

design when conducting a survey of schoolchildren. 

 

When the two methods are compared, the advantage of conducting an LQAS survey of 

first and second graders is reduced sample size, whereas the principal advantage of 

conducting a cluster-sample survey of the same target population is a reduced number of 

visits to schools.  The decision between these two designs will depend on the time, 

expense, and added administrative work load of visiting more schools for the LQAS 

survey in comparison to the time and expense of testing a larger number of children for 

the cluster sample survey.  Visiting more schools for the LQAS survey may not be a 

major concern if schools are close together and connected by good roads and if schools 

need to be visited only once by survey teams.  In other settings, visiting more schools 

could be more expensive. In a cluster-sample survey, a minimum of 30 schools should be 

visited. LQAS requires visiting almost every school; therefore there would be little 

potential reduction through cluster sampling in the number of schools to be visited unless 

there are at least 40 schools.  For this reason, the new manual recommends that cluster-

sampling be considered only if there are at least 40 primary schools in the IU.   

 

The cost of conducting an LQAS school survey can be compared to the cost of 

conducting a cluster-sample survey by estimating the ratio of the cost of visiting a school 

to the cost of testing a child at the school once the school has been visited.  The 

comparison then requires knowing the LQAS sample size, the number of schools that 

would need to be visited in an LQAS survey, the cluster-design sample size, and the 

number of schools that would need to be visited in a cluster-sample survey.  For each 

survey, the cost of the survey = (the average cost of visiting a school x the number of 

                                                 
5
 It is recognized that when the sample size for the cluster sample design is increased by multiplying the 

LQAS sample size by the design effect, a smaller finite population correction is applied to the cluster 

design, and thus the test result will be somewhat conservative (i.e. slightly less likely to stop MDAs). 
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schools to visit) + (the cost of testing a child x the sample size).  To assist in the choice of 

survey design, this way of comparing costs is explained in the new manual with an 

example. 

 

 

Selecting the design effect for calculating sample sizes for cluster sample surveys 

 

In the only school-based cluster-sample survey of antigenemia conducted to date, in Sri 

Lanka, no antigenemic child was found.  Therefore, this survey cannot be used as a guide 

to the design effect to use in calculating sample size for future cluster-sample surveys in 

schools. 

 

If, as expected after several MDAs, filarial antigenemia is a rare event, there are fewer 

opportunities for prominent clustering compared when more common events are 

measured.  Therefore, 2.0 is proposed as an adequately conservative value for 

antigenemia surveys and was used in Annexes 2 and 3 for calculating sample sizes for 

cluster-samples surveys where N is ≥2400 and ≥5000, respectively.  Use of the design 

effect 2.0 for calculating cluster-sample size has also been shown to be adequately 

conservative for household cluster-sample surveys to measure vaccination coverage 

among young children.
6
  Vaccination coverage, like filarial antigenemia, reflects access 

to and use of health services, which can vary across cluster sites.  The design effect 1.5 is 

used in Annexes 2 and 3 for calculating sample size when N is less than 2400 and 5000, 

respectively.  The rationale for this lower value is that the substantially larger sample size 

for cluster sample surveys compared to LQAS surveys for smaller populations provides a 

bigger benefit from the finite population correction due to a higher sampling fraction. 

 

In the absence of any indication yet that they should be different, the design effects used 

in calculating community-based cluster-sample household surveys are the same as those 

used for school-based cluster sample surveys. 

 

As mentioned, these design-effect choices are first approximations.  As more cluster-

sample surveys are conducted (household surveys and school-based surveys), it would be 

worthwhile to gather information on the design effects from the survey data for future 

revision of the manual, if needed.   

 

 

Specifying the number of schools in a school-based cluster-sample survey and the 

sampling fraction within schools selected for the sample 

 

It is desirable to use an equal-probability sampling, even when a cluster sample survey is 

conducted.  Equal probability sampling has important advantages:  it makes analysis of 

the survey data simpler and makes it possible to set up a very simple testing procedure by 

using the d_cluster value.  Otherwise, the sampling weights need to be used in the 

                                                 
6
 Henderson RH, Sundaresan T. Cluster sampling to assess immunization coverage: a review of experience 

with a simplified sampling method. Bull World Health Organ 60(2):253-60, 1982 
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analysis.  There are two main methods for selecting an equal-probability sample for a 

cluster sample survey. 

 

The first is to select clusters (schools) with probability proportional to size (PPS), and 

then a fixed number of school entrants at each selected cluster (referred to here as the 

PPS cluster sampling method).   The PPS cluster sampling method has the advantage of 

allocating equal field work load for each selected school because the same number of first 

and second graders is examined from each sample school.  However, it is more difficult 

to implement than the SRS cluster sampling method (see below).   Another problem with 

using this method is that there could be many schools with less than the fixed number of 

first and second graders needed per cluster.  Also, if there is no accurate central record of 

the number of schoolchildren by grade, then the school size is only approximate, and thus 

the sample of schoolchildren will not be an equal-probability sample.   

 

The second method is to select an equal probability sample of schools followed by the 

selection of a fixed proportion of school entrants at each selected school.  This is method 

is referred to here as the SRS cluster sampling method.  The selection of schools is done 

through simple random sampling (SRS) or by systematic sampling without regard to size 

(the number of first and second graders), and is the method recommended in the new 

manual.  The simplest fixed proportion would be 100%, meaning that all school entrants 

at each school in the sample would be included in the survey sample.  For this proportion, 

the number of schools needed in the sample to provide the required sample size n is n/C 

rounded up to the nearest integer, where C is the estimated average number of first and 

second graders per school.   

 

To make the test procedure as simple as possible, testing all first and second graders is 

recommended as long as the number of schools to be selected is at least 30.  However, if 

it is less than 30 (that is, if n/C rounds up to an integer that is <30 –let this integer be 

denoted as k), then 30 clusters should be visited but with the within-school sampling 

fraction lowered to k/30.  The recommended method for calculating a sampling interval 

and for choosing a random start (the number of the first target-grade student selected in 

the sample) is described in the manual.    

 

The same approach is recommended for cluster-sample surveys in IUs where the target 

antigenemia range is <1.0%.  The only difference is that since n for a given N is larger, 

the number of clusters needed to attain the sample size with 100% sampling within 

schools (n/C) will be larger.  Therefore, it is less likely that n/C would be <30.  

 

Establishing a criterion for conducting a household survey rather than a school survey:  

School surveys are faster and logistically easier than household surveys.  However, the 

results of school surveys can be misleading if a large proportion of children of 1
st
- and 

2
nd

-grade age are not in school, since the prevalence of antigenemia among these children 

may be different from among student in the same age range enrolled in school.  Such a 

difference could be due to difference in exposure to infection, in access to MDA drug 

distributors or in treatment compliance rates.  The extent to which the two groups are 

different in these ways has not been studied, so it is not yet known what the enrolment 
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rate threshold for children of 1
st
- and 2

nd
-grade age should be used for deciding whether 

to conduct a school survey or a household survey.    

 

Furthermore, the enrolment rate for children of in this age range not be known.  The more 

commonly calculated indicator is the net primary enrolment rate, which is calculated for 

all countries at the national level by UNESCO
7
.  Thus, the net primary enrolment rate is 

recommended for use as the school-enrolment indicator for deciding whether school or 

household survey should be conducted. 

 

As an initial guideline, the threshold value of 75% is recommended as the threshold for 

decision making.  In other words, if the primary net enrolment rate is less than 75%, a 

community-based household survey of 6-7 year-old children should be conducted instead 

of a school survey to avoid the bias that would affect results if enrolled children of 1
st
- 

and 2
nd

-grade age are different in their antigenemia prevalence from enrolled children of 

same age.  If the net primary enrolment rate in an IU is 75% or higher, a school survey 

may be conducted.  With this threshold, the large majority of surveys outside of sub-

Saharan Africa will be school surveys, but in many IUs in sub-Saharan Africa, household 

antigenemia surveys should be conducted rather than school surveys.  

 

The proposed threshold primary enrolment rate of 75% should be evaluated as more 

survey results become available.  In particular, it would be useful, in household surveys, 

to ask about school attendance by 6-7 year-olds and to check to what extent the 

prevalence rates differ by school attendance. 

 

Sampling households and 6-7 year-old children with census enumeration areas (EAs) 

 

Much of the debate about how to conduct household surveys in developing world settings 

has focused on how to select households with clusters.  Many designs (such as the PPS 

cluster sampling method) use a constant sample size in each cluster.  The constant sample 

size should not exceed the size of the target population in the smallest clusters.  

Therefore, it will constitute only a part of all target population members in larger clusters 

(clusters are usually villages/neighborhoods or census enumeration areas).   The sampling 

frame must be completed before children can be selected for the sample and tested. 

 

With the SRS cluster sampling method, the proportion of target population members 

selected in each cluster is constant, as explained above, and systematic sampling can be 

used to both select and test children in the sample.  For example, the sampling 

instructions would be to plan a path that passes by every household in the cluster, to 

number consecutively each 6-7 year old the houses and either to test all of them or to 

only those whose number appears on the systematic sampling list, if only a sample of 

them is needed.  The SRS cluster sampling method is recommended for cluster-sample 

surveys of children in the community to determine if MDAs can be stopped. 

 

In preparing Annex 1, census results by EA were available for only two areas, one in 

Benin and one in Togo (these data sets were used previously to plan household surveys 

                                                 
7
 http://stats.uis.unesco.org/unesco/TableViewer/tableView.aspx?ReportId=182, February 2, 2009. 
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unrelated to filarial antigenemia).  The average total population of EAs in both countries 

was similar (795 and 930, respectively) and the average estimated number of 6-7 year-old 

children almost the same (48 and 49).  Each of the areas is a mixture of urban and rural 

EAs.  Similar findings for EAs in multiple LF-endemic countries is needed before 

conclusions can be drawn about average EA sizes in regard to the number of 6-7 year-

olds.  Nonetheless, the range is likely to be fairly narrow, because EAs are designed to 

have about the number of households a census worker can complete during the period of 

the census.    

 

The minimum number of EAs survey teams should visit to provide the desired sample 

size by testing all 6-7 year-old children in each EA is the desired sample size n divided 

by the average number of 6-7 year-olds per EA (call this C).  There should be at least 30 

clusters.  As long as n/C is ≥ 30, there is no need to select a sample of 6-7 year-olds 

within EAs.  If n/C is <30, and if all 6-7 year-olds in each EA are tested, then visiting 30 

clusters would result in too large a sample size.  To prevent this from happening, a 

sampling fraction of (n/C)/30 should be used within each of 30 EAs. 

 

 

Analysis of cluster-sample household surveys with a critical value 

 

For simplicity and consistency, cluster-sample household antigenemia surveys in the new 

manual are analyzed in the same way as cluster-sample school surveys and LQAS school 

and household surveys:  if there are no more than d_cluster antigenemic children (see 

Annexes 2 and 3), the IU “passes” and MDAs can be stopped.  If there are more than 

d_cluster antigenemic children the IU “fails” and MDAs should continue. 

 

 

Recommended survey target group  

 

The only target group recommended in the 2005 manual was school entrants.  After 

reviewing results showing that antigenemia prevalence varies little across the age range 

6-10 years, participants in follow-up meetings after the August 2008 meeting in Geneva 

agreed that the target group should be children 6-10 years old in schools and in the 

community.  Subsequently, there was agreement to change this recommendation to first 

and second graders in school and children 6-7 years old in the community, for the 

following reasons. 

 

 

1) Grade level vs. age in school surveys.  In schools where each classroom has students 

in only one grade level, sampling is facilitated if it is by grade level, since all students in 

these classrooms can be asked to form a line in the courtyard or can be easily given 

consecutive numbers by walking through the classrooms.  In contrast, if sampling of 

schoolchildren is by age, pupils in the target age range might be mixed in the same 

classroom with children outside the age range.  Instead of just counting all students in 

classrooms with the targeted grade level, it would be necessary first identify children in 

the target age range and then to group them together or to count them separately from 

other children in the classrooms.   
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Further, it appears from first efforts to obtain school enrolment data that the number of 

students is more commonly available by grade level than by age.  If number of pupils by 

grade level is a more commonly available measure of size, there would be an advantage 

in using it for survey planning.  

  

2)  Age/grade range. 

  

One reason for the earlier recommendation to use children 6-10 years old as the target 

group in both school and household surveys is that it is easier to find children in a wider 

age range than in a narrower age range.  However, use of the finite population correction 

means that sample sizes are smaller for narrower age ranges.  On the other hand, if age or 

grade-level ranges become too narrow, the number of clusters needed in a cluster-sample 

survey design can increase, since the mean number of target children per school or 

enumeration area is smaller. 

  

Based on several assumptions, Table 4 shows the sample sizes needed in IUs where the 

target antigenemia prevalence range is <2.0% by total IU population, target population 

age range and survey design, as well as the numbers of clusters needed for cluster-sample 

household surveys by total IU population and target population age range.  The 

assumptions are that children 6-10 years old constitute 13.6% of total population (as they 

do in Togo), that 6 year-old children make of 20% of all 6-10 year-old children, that 6-7 

year-old children constitute 40% of 6-10 year-old children, and that the average total 

population of an enumeration area is 1000.  Given these assumptions, the table shows that 

while the choice of 6 year-olds as the target survey population results in the smallest 

sample sizes for both LQAS and cluster-sample designs, it also results in more than 30 

clusters being needed in cluster-sample surveys for IUs with total populations of ≥60,000.  

With 6 year-olds as the target group, the number of clusters that would be required 

increases to 51 in IUs with a total population of 120,000 or more.   

 

In contrast, if 6-7 year-olds are used as the target survey population (given the same 

assumptions), the number of clusters needed in a cluster-sample survey remains at 30 

even if the total IU population is as high as 180,000.  Since there is little difference in 

required sample size in IUs with populations of 100,000 or more according to whether 6 

year-olds or 6-7 year-olds are used as the target group, the 6-7 year-old age range is 

recommended as the usual target survey age range.  Using 6-10 as the target age range 

also keeps the number of clusters needed at 30, but requires larger sample sizes than 

when the target survey population age range is 6-7 years.  Thus, children 6-7 years-old 

are recommended as the default target age range.  However, the assumptions used in 

Annex 4 may not apply to other settings.  Survey managers may wish to do a similar 

analysis using different assumptions and use a target age range if it would be better 

(either all 6-10 year-olds or a different subset of them).   

 

Table 6 shows the results of a similar analysis for school surveys.   Given the 

assumptions shown in the table, the use of first and second graders as the target survey 

population results keeps the numbers of clusters needed at 30, whereas if the target  

population is restricted to first graders, the number of schools that need to be visited starts 
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rising above 30 when the total IU population reaches 80,000.  Since the differences in the 

sample sizes required by these two target groups becomes smaller as IU total populations 

increase and becomes relatively small as IUs 80,000, first and second graders are 

recommended as the default school survey target population.  The use of other target 

grade-level ranges may be advantageous in smaller IUs or in IUs where parameters are 

different from the assumptions in Table 7.  First and second graders are recommended as 

the target survey population if survey planners do not choose to do a similar analysis on 

there own or have no reason to choose a different target survey population.       

 

 

Using different target population age or grade-level ranges 

 

If target population age or grade-level ranges are selected that are different from the 

default settings, Annexes 2 and 3 can be used in same way as with the recommended 

default target populations except that the “population surveyed” column in Annexes 2 

and 3 would apply to whatever different target population is being used.   
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Mean Median Smallest Largest Mean Median Smallest Largest Mean Median Smallest Largest

Benin
e

Burkina Faso 63 233,726 213,586 66,171 491,490 14,013 12,806 3,967 29,468 48 6,726 6,147 1,904 14,144

Cook Islands 3 6,523 4,032 1,384 14,153 227 140 48 492 69 156 97 33 339

Fiji 5 142,599 39,074 2,095 340,843 5,748 1,575 84 13,740 87 5,001 1,370 73 11,954

Guyana 10 75,122 45,183 10,095 310,320 2,601 1,564 350 10,744 n/a

Kiribati 4 113,133 26,091 41 400,311 5,581 1,287 2 19,747 100 5,581 1,287 2 19,747

India-Orissa State 20 1,304,642 1,192,256 293,729 3,421,439 54,389 49,704 12,245 142,637 94 51,126 46,722 11,511 134,079

Papua New Guinea 20 256,518 214,545 43,589 544,352 12,783 10,691 2,172 27,126 n/a

Tanzania 128 266,727 240,973 31,853 1,083,913 15,314 13,835 1,829 62,232 98 15,008 13,559 1,792 60,987

Togo 7 150,143 117,000 66,000 268,000 8,167 6,364 3,590 14,577 79 6,452 5,028 2,836 11,516

Annex I.  Implementation units (IUs) for lymphatic filariasis elimination: various demographic characteristics relevant to filariasis antigenemia prevalence 

survey design decision (see continuation on next page)  

not yet available

NER 

(%)
c

Estimated number of school entrants 

per IU
d

# 

IUs

Country, state or 

district

Total IU population
a

Estimated number of 6-7 year-olds 

per IU
b

 

a) Source and year as noted in each reference, accessed November 2008-January 2009: Cook Islands: www.stat.gov.ck; Fiji: 

www.statsfiji.gov.fj; Kiribati: www.spc.int/prism/Country/KI/Stats/; http://www.statoids.com/statoids.html; all others: 

http://www.statoids.com/statoids.html.    

b) U.S. Census Bureau International Data Base: http://www.census.gov/ipc/www/idb/pyramids.html.  The number of 6-7 year-old children 

estimated as follows: (number of children 5-9 years old in mid-year 2009 nationally / estimated total mid-year national population in 2009) x 

(2/5) x (corresponding estimated total IU population.    

c) Latest national estimates in the data base http://stats.uis.unesco.org/unesco/ReportFolders/ReportFolders.aspx compiled by the Institute for 

Statistics, United Nations Educational, Science, and Cultural Organization (UNESCO).  Year as noted. 

d) The estimated number of 6-7 year-olds per IU x the NER. 
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 Mean Median Smallest Largest

Benin
e

795 48

Burkina Faso 130 119 28 315 52

Cook Islands 9 17

Fiji 144 35

Guyana

Kiribati

India-Orissa State

Papua New Guinea

Tanzania

Togo 930 49

not yet available

not yet available

not yet available

not yet availablenot yet available

not yet available

Mean total 

population 

per IU
h

Estimated number 

of 6-7 year-olds 

per IU
i

not yet available

Annex 1 (continued).  Implementation units (IUs) for lymphatic filariasis elimination: various demographic characteristics relevant 

to filariasis antigenemia prevalence survey design decision.
Mean number of 

1st and 2nd 

graders per 

school
g

Country, state or 

district

not yet available

not yet available

not yet available

Mean number of primary schools per IU

not yet available

not yet available

not yet available

 
 

e) Ouémé and Plateau Departments only. 

f)  Source: For Cook Islands, and Fiji: Regional LF Elimination Program.  For Burkina Faso:  Tableau de Bord de l’Education de Base, Année 

Scolaire 2006-2007, Ministère de l’Enseignement de Base et de l’Alphabétisation, Burkina Faso, 2007 (the number of primary schools in each 

region were proportionately allocated to IUs (provinces) within the region according to the total province population.  For Sri Lanka:  LF 

Elimination Programmed Manager. 

g) Estimated mean number of 1
st
 and 2

nd
 graders per IU divided by the mean number of primary schools per IU  

h) For Benin, calculated with the total populations of the 1432 EAs in Ouémé and Plateau Departments from the 2002 census.  For Togo, 

calculated with the total population of the 630 EAs in Kara Region, year of census not recorded. 
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Annex 2.   Sampling fractions, sampling intervals, sample sizes and critical values for antigenemia prevalence surveys in IUs where the target 

prevalence range is <2.0%, by survey population size. 

Number of clusters if cluster-

sample survey is 

Population 

surveyed1,2 

Sampling 

Fraction 

Sampling 

interval 

LQAS 

Sample 

Size (n) 

LQAS 

Critical 

Cut-off 

(d) 

Sample Size 

for Cluster 

Design3 
school-based a household 

survey  

Cluster design 

critical cut-off 

(d_cluster) 

 Risk of 

Type I 

error 4 

Power 

(1 – Type II 

error)5 

< 400 1 (census) 1.00 N 0.02N NA NA NA NA 0.0000 1.000 

400 0.710 1.41 284 3 0.0488 0.7475 

600 0.608 1.64 365 4 0.0489 0.7548 

800 0.548 1.83 438 5 

Cluster-sampling not recommended.  Use LQAS, systematic 

sampling and the corresponding values of n and d 
0.0490 0.7854 

1,000 0.506 1.98 506 6 759 9 0.0500 0.8193 

1,200 0.433 2.31 520 6 780 9 0.0497 0.7776 

1,400 0.379 2.64 530 6 795 9 0.0495 0.7502 

1,600 0.371 2.69 594 7 891 11 0.0491 0.7933 

2,000 0.303 3.30 606 7 909 11 0.0493 0.7640 

2,400 0.256 3.91 614 7 1,228 14 0.0494 0.7457 

2,800 0.242 4.13 678 8 1,356 16 0.0499 0.7818 

3,200 0.214 4.68 684 8 1,368 16 0.0493 0.7700 

3,600 0.191 5.23 688 8 1,376 16 0.0493 0.7620 

4,000 0.173 5.80 690 8 1,380 16 0.0500 0.7573 

5,000 0.139 7.18 696 8 1,392 16 0.0498 0.7458 

6,000 0.127 7.87 762 9 1,524 18 0.0491 0.7749 

8,000 0.096 10.44 766 9 1,532 18 0.0498 0.7669 

10,000 0.077 12.99 770 9 1,540 18 0.0494 0.7603 

14,000 0.055 18.09 774 9 1,548 18 0.0493 0.7535 

18,000 0.043 23.20 776 9 1,552 18 0.0493 0.7500 

24,000 0.032 30.85 778 9 1,556 18 0.0492 0.7467 

30,000 0.026 38.56 778 9 1,556 18 0.0498 0.7462 

40,000 0.021 47.51 842 10 1,684 20 0.0495 0.7749 

50,000 0.017 59.38 842 10 1,684 20 0.0499 0.7745 

≥ 50,000   846 10 1,692 

Divide the 

sample size for 

cluster design 

by the average 

number of 

target-grade 

children per 

school and 

round up to the 

nearest integer. 

If this integer is 

<30, then the 

number of 

clusters is 30. 

Divide sample 

size for cluster 

design by the 

estimated 

average number 

of target-age 

children per EA 

and round up to 

the nearest 

integer. If this 

integer is <30, 

then the number 

of clusters is 

30. 

20 0.0493 0.7687 

                                                 
1 Refers to whatever population is being surveyed, for example first and second graders or children 6-7 years old in the community.  
2 For a population size between two adjacent Ns in the table, the sampling fraction and d for the lower N are recommended to use. 
3 For the cluster design, if the population size < 2,400, a design effect of 1.5 is assumed but a design effect of 2 is assumed if the population size ≥ 2,400. 
4 The Type I error is the risk of false-positive conclusion that antigenemia prevalence is < 2.0% when in fact it is not. Its target is 5% or less with the smallest sample size. 
5 The power is given by 1 – Type II error, where the Type II error is the risk of false negative conclusion that antigenemia prevalence is > 1.0% when in fact it is ≤ 1.0%. Its target was 75% or greater 

with the smallest sample size. 
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Annex 3.   Sampling fractions, sampling intervals, sample sizes and critical values for antigenemia prevalence surveys in IUs where the target 

prevalence range is <1.0%, by survey population size. 

Number of clusters if cluster-

sample survey is 

Population 

surveyed
1,2

 

Sampling 

Fraction 

Sampling 

interval 

LQAS 

Sample 

Size (n) 

LQAS 

Critical 

Cut-off 

(d) 

Sample Size 

for Cluster 

Design
3
 

school-based a household 

survey  

Cluster design 

critical cut-off 

(d_cluster) 

 Risk of 

Type I 

error
4
  Power

5
 

< 1000 1 (census) 1.00 N 0.01N NA NA NA NA 0.0000 1.000 

1000 0.704 1.42 704 4 0.0437 0.8278 

1200 0.608 1.64 730 4 0.0498 0.7542 

1400 0.610 1.64 854 5 0.0488 0.8286 

1600 0.548 1.83 876 5 

Cluster-sampling not recommended.  Use LQAS, systematic 

sampling and the corresponding values of n and d 

0.0499 0.7847 

1800 0.498 2.01 896 5 1344 8 0.0492 0.7510 

2000 0.507 1.97 1014 6 1521 9 0.0499 0.8170 

2400 0.434 2.30 1042 6 1563 9 0.0497 0.7753 

2800 0.419 2.39 1172 7 1758 11 0.0493 0.8140 

3200 0.371 2.69 1188 7 1782 11 0.0499 0.7927 

4000 0.304 3.29 1214 7 1821 11 0.0495 0.7620 

5000 0.270 3.70 1350 8 2700 16 0.0495 0.7891 

6000 0.227 4.40 1364 8 2728 16 0.0499 0.7739 

7000 0.197 5.09 1376 8 2752 16 0.0496 0.7621 

8000 0.173 5.78 1384 8 2768 16 0.0497 0.7541 

9000 0.168 5.96 1510 9 3020 18 0.0498 0.7875 

10000 0.152 6.60 1516 9 3032 18 0.0497 0.7820 

12000 0.127 7.87 1524 9 3048 18 0.0499 0.7745 

14000 0.109 9.15 1530 9 3060 18 0.0500 0.7690 

16000 0.096 10.42 1536 9 3072 18 0.0496 0.7641 

≥18,000 Not needed Calculate
6
 1540 9 3080 

Divide the 

sample size for 

cluster design 

by the average 

number of 

target-grade 

children per 

school and 

round up to the 

nearest integer. 

If this integer is 

<30, then the 

number of 

clusters is 30. 

Divide sample 

size for cluster 

design by the 

estimated 

average number 

of target-age 

children per EA 

and round up to 

the nearest 

integer. If this 

integer is <30, 

then the number 

of clusters is 

30. 

18 0.0495 0.7606 

                                                 
1 Refers to whatever population is being surveyed, for example first and second graders or children 6-7 years old in the community.   
2 For a population size between two adjacent Ns in the table, the sampling fraction and d for the lower N are recommended to use. 
3 For the cluster design, if the population size < 4,000, a design effect of 1.5 is assumed but a design effect of 2 is assumed if the population size ≥ 4,000. 
4 The Type I error is the risk of false-positive conclusion that antigenemia prevalence is < 1.0% when in fact it is not. Its target was 5% or less with the smallest sample size. 
5 The power is given by 1 – Type II error, where the Type II error is the risk of false negative conclusion that antigenemia prevalence is > 0.5% when in fact it is ≤ 0.5%. Its target was 75% or greater with the 

smallest sample size 
6 Divide the size of the surveyed population by 1540, rounding down to the nearest tenth.  For example, if the size of the survey population is 20,000, then the sampling interval is 20,000/1540=12.99. 

 



Draft: June 12, 2009 

 27 

Technical notes, Annex 3.  (The same notes apply to Annex 2 except that null and alternative hypotheses 

refer to 0.01 rather than 0.02). 

 

Let P̂  be an estimate obtained from a simple random sample (SRS) of n for the population prevalence rate P 

(we assume an infinite population). Consider a one-sided statistical test, which is set up with 5% Type I error to 

test the null hypothesis, 01.0: 00 =≥ PPH  against an alternative, 01.0: 01 =< PPH . Then the decision rule is 

given as follows: 

 

 Accept the null hypothesis if cSPP −≥ 0
ˆ , and reject it, otherwise, 

 

where c is the normal critical value of 1.645 and S is the estimated standard error for P̂ , for which 

)1/(ˆˆ −= nQPS  is usually used, where PQ ˆ1ˆ −= . The basis for this rule is the sampling theory that 

SPP /)ˆ( 0−  follows approximately the standard normal distribution. The rule is equivalent to the following: 

 

Accept the null hypothesis if 0
ˆ PcSP ≥+ , and reject it, otherwise. 

 

Note that cSP +ˆ  is the upper bound of the 95% one-sided confidence interval. Therefore, the null 

hypothesis is rejected only when the bound is less than the null value 0.01. So the two testing procedures 

(using the first testing rule and using the 95% CI) are exactly the same. 

 

Under SRS and the null hypothesis, the expected value of S is given by nQP /00 , where 00 1 PQ −= . Using 

this value for S, we can translate the test threshold value ( cSP −0 ) into the d-value. If n = 1700, then  

 

006030.01700/99.001.0645.101.0/645.1 0000 =×−=−≅− nQPPcSP .  

 

If this value is multiplied by the sample size (1700), we get 10.25. Rounding this number, we get d = 10. 

 

The same theory applies to a cluster design. The only difference is that S is estimated differently from the 

cluster sample (taking the cluster design into account). If the design effect is 2, this means that the cluster 

design with 2n (design effect times the SRS sample size n) has the same precision as with the SRS design 

with the sample size n if the sample size for the cluster design is doubled (i.e., 2n). With this doubled 

sample size, the expected value of the estimated S from the cluster design is the same as that for the SRS 

design, that is, nQP /00 . The test threshold is also in the same expression cSP −0  with S estimated from the 

cluster design. The d-value for the cluster design is then the rounded number of 2n times cSP −0 , and is 2d 

– they could be slightly different due to rounding. 

 

For finite populations, we can use the hypergeometric distribution to incorporate the finite population 

correction.. However, we can carry out similar discussion to compare an SRS design and a cluster design 

but with some complications due to finite nature of the survey population.
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0.13593

0.2 Proportion of children 6-10 years old who are 6 years old

0.4

1000 Average total population of EAs within IU.  

     

    

 6 6-7 6-10 LQAS cluster LQAS cluster LQAS cluster LQAS cluster LQAS cluster 6 6-7 6-10

30000 816 1631 4078 438 594 891 690 1380 252 - 96 489 - 30 30

40000 1087 2175 5437 506 606 909 696 1392 190 - 90 483 - 30 30

50000 1359 2719 6796 520 780 614 1228 762 1524 242 744 148 296 30 30 30

60000 1631 3262 8156 594 891 684 1368 766 1532 172 641 82 164 33 30 30

70000 1903 3806 9515 594 891 688 1376 766 1532 172 641 78 156 33 30 30

80000 2175 4350 10874 606 909 690 1380 770 1540 164 631 80 160 34 30 30

90000 2447 4893 12233 614 1228 690 1380 770 1540 156 312 80 160 46 30 30

100000 2719 5437 13593 614 1228 696 1392 770 1540 156 312 74 148 46 30 30

110000 2990 5981 14952 678 1356 696 1392 774 1548 96 192 78 156 50 30 30

120000 3262 6524 16311 684 1368 762 1524 774 1548 90 180 12 24 51 30 30

130000 3534 7068 17670 684 1368 762 1524 774 1548 90 180 12 24 51 30 30

140000 3806 7612 19030 688 1376 762 1524 776 1552 88 176 14 28 51 30 30

150000 4078 8156 20389 690 1380 766 1532 776 1552 86 172 10 20 51 30 30

160000 4350 8699 21748 690 1380 766 1532 776 1552 86 172 10 20 51 30 30

170000 4621 9243 23107 690 1380 766 1532 776 1552 86 172 10 20 51 30 30

180000 4893 9787 24467 690 1380 766 1532 778 1556 88 176 12 24 51 30 30

190000 5165 10330 25826 696 1392 770 1540 778 1556 82 164 8 16 52 30 30

Annex 4.  Sample sizes needed to demonstrate that the prevalence of antigenemia is <2.0% in household surveys by total IU population, target population 

age range and survey design, and numbers of clusters needed for cluster-sample household surveys by total IU population and target population age 

range.

Assumptions

Size of target population 

by target population age 

range

How much smaller sample size 

would be by using 6 year-olds or 

6-7 year-olds as target the 

population rather than 6-10 year-

olds, by survey design

Number of 

EAs that would 

need to be 

visited in a 

cluster-sample 

household 

survey, by 

target age 

groupIU total 

populatio 6 6-7 6-10

Sample size for survey by target population age 

range and survey design (from Annex 2)

6 6-7

Proportion of children 6-10 years old who are 6-7 years old

Proportion of IU's total population that consists of children 6-10 years old
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0.13593 Proportion of IU's total population that consists of children 6-10 years old*

 

125 Average number of 1st-4th graders per primary school.  

0.8 Net primary enrolment rate in IU

0.8 Proportion of primary school students in grades 1-4

 1 0.3 2 0.275

    3 0.25 4 0.225

 

 1st 1st-2nd 1st-4th LQAS cluster LQAS cluster LQAS cluster LQAS cluster LQAS cluster

30000 979 1876 3262 438 - 594 891 684 1368 246 - 90 477 - 30 30

40000 1305 2501 4350 520 780 614 1228 690 1380 170 600 76 152 - 30 30

50000 1631 3126 5437 594 891 678 1356 696 1392 102 501 18 36 30 30 30

60000 1957 3752 6524 594 891 688 1376 762 1524 168 633 74 148 30 30 30

70000 2284 4377 7612 606 909 690 1380 762 1524 156 615 72 144 30 30 30

80000 2610 5002 8699 614 1228 696 1392 766 1532 152 304 70 140 33 30 30

90000 2936 5627 9787 678 1356 696 1392 766 1532 88 176 70 140 37 30 30

100000 3262 6253 10874 684 1368 762 1524 770 1540 86 172 8 16 37 30 30

110000 3588 6878 11961 684 1368 762 1524 770 1540 86 172 8 16 37 30 30

120000 3915 7503 13049 688 1376 762 1524 770 1540 82 164 8 16 37 30 30

130000 4241 8128 14136 690 1380 766 1532 774 1548 84 168 8 16 37 30 30

140000 4567 8754 15224 690 1380 766 1532 774 1548 84 168 8 16 37 30 30

150000 4893 9379 16311 690 1380 766 1532 774 1548 84 168 8 16 37 30 30

160000 5220 10004 17399 696 1392 770 1540 774 1548 78 156 4 8 38 30 30

170000 5546 10629 18486 696 1392 770 1540 776 1552 80 160 6 12 38 30 30

180000 5872 11255 19573 696 1392 770 1540 776 1552 80 160 6 12 38 30 30

190000 6198 11880 20661 762 1524 770 1540 776 1552 14 28 6 12 41 30 30

 

* Used as estimate of the number of children of primary school age.  The value used applies to Togo.  

Annex 5.  Sample sizes needed to demonstrate that the prevalence of antigenemia is <2.0% in a school survey by total IU population, target population 

grade level and survey design and numbers of clusters needed for cluster-sample school surveys by total IU population and target population grade level.

Assumptions

1st-4th

Sample size for school survey by grade and survey 

design (from Table 1)

Number of 

schools that 

would need to 

be visited in a 

cluster-sample 

school survey, 

by target grade 

range

Among 1st-4th graders, proportion in grade

1st 1st-2nd

How much smaller sample size 

would be by using 1st graders or 

1st-2nd graders as target 

population rather than 1st-4th 

graders, by survey design

1st

1st-

2nd

1st-

4th

IU total 

populatio

Schoolchildren by 

grade range 1st 1st-2nd

 


