Sampling Issues
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The WHO’s Expanded Program on Immunizations (EPI) Cluster Survey has been widely recognized as an effective tool for monitoring immunization program coverage (Lemeshow and Robinson, 1985; Turner et al, 1996; Bennett et al, 1994).  This is due in large part to its ability to estimate immunization program coverage to within +/-10 percentage (deemed acceptable for its objectives) at relatively low cost (figure?) while being relatively easy to implement.  In recent years, the EPI methodology has been used in surveys with disparate and often multiple measurement objectives, including estimating point prevalences and/or trends in malnutrition (anthropometric) and mortality (U5 and Overall), as well as estimating correlations of these outcomes with possible determinants (citation needed).  The following describes the EPI methodology and adaptations/alternatives to it and considers the appropriateness of each for rapid assessment, trend analysis, and analysis of determinants of anthropometric and mortality outcomes.
The original EPI Cluster Survey features a two-stage design.  In the first stage, primary sampling units (PSUs), e.g. villages or census enumeration areas, are listed and “m” clusters are selected from the list using systematic random sampling (SRS) with probability proportional to estimated size (ppes).  This assumes that the mean household size does not vary much from one community to the next and that the latest estimates of PSU (cluster) population sizes are accurate and proportional to the number of ultimate sampling units (e.g. children 12-23).  The number of clusters chosen (usually 30) is based upon experience of immunization coverage surveys conducted in the U.S., but can vary with the number of households selected and the desired sample size (Lemeshow and Robinson, 1985).  At second stage, a list of all ultimate sampling units (children 12-23) in each cluster is made and 7 children are randomly selected from each list using SRS, totaling 210 children from which to assess the level of immunization coverage.  This methodology results in a self-weighting sample of adequate size to estimate immunization program coverage with a precision of +/-10 ppts (Bennett et al, 1991).  

Due to the costs and, in some cases, infeasibility associated with listing children in each cluster, this rarely occurs in practice.  Instead, USUs (children 12-23) are selected in the following manner.  First a central location within a cluster is located.  Next, a random direction is chosen by spinning a bottle (or other similar method), and households are listed in that direction from the central point to the end of the cluster.  One household from those listed in the direction is selected at random using a randomly generated number (from a number table or other method).  Subsequent households are selected by visiting the nearest door (sometime specifying a standard direction—to the left or right) until information on seven children is collected.  A simpler variant involves not listing the households in the randomly chosen direction, but simply selecting households in that direction until information on seven children is collected.  The above modifications at second stage (selection of children) result in non-probability or quota samples, meaning that each child does not have a known, non-zero probability of selection (Turner et al, 1996).

Modified EPI

Modifications to the EPI cluster survey (2 stage, 30*7 ppes, spin the bottle) have been made in terms of sampling methodology and sample size (number of selected clusters and number of USUs) to suit surveys with objectives other than estimating immunization program coverage, including estimating health, nutrition, and mortality.  Modifications of methodology include EPI-3, EPI-5, EPI-peri, EPI-quarter and segmentation.  USUs can vary depending on the aims of the survey.  If a particular population is targeted (e.g. children 12-23 months), then children 12-23 months can be used as the USU as in the original EPI cluster survey.  In this case, the sample size is based on the index population, and interviewers are instructed to visit sufficient households to achieve this number; they are also instructed to only carry out the survey in households which contain an index child.  However, it is often the case that the survey has multiple objectives (i.e. multiple index populations).  In this case, it is recommended that the USU be the household (Bennett et al, 1994).  Modifications of sample size include variations in the number of clusters and USUs chosen (i.e. n*n) and whether (include desc on hh as USU vs. children as USU).  Descriptions of methodology modifications as per Bennett et al (1994) follow. 

EPI-3

EPI-3 methodology selects clusters at first stage in the same manner as EPI.  The selection of households differs in that after the first household is selected, every subsequent third household is selected.  Selection of USUs is the same as EPI.  

EPI-5

EPI-5 methodology is the same as EPI-3 only that every fifth household is selected.

EPI-peri

EPI-peri selects clusters in the same manner as EPI.  The central point of each cluster is visited, and a random direction is chosen by spinning a bottle (or other method).  The first household is chosen in that direction.  Subsequent households are selected by visiting the nearest door until half the sample is selected.  Surveyors then return to the central point and select a second random direction using spin the bottle (or other method).  Beginning at the periphery, households are selected in the random direction until the other half of the sample is selected.  
EPI-quarter
EPI-quarter also selects clusters in the first stage in the same manner as EPI.  However, EPI-quarter differs thereafter in that each selected cluster is divided into four quadrants of equal size (using a list of households or quick sketch map).  The second stage EPI strategy is used independently to select one quarter of the sample from each quadrant, beginning at the central point of each quadrant.    
Segmentation

Segmentation selects clusters in the first stage following the EPI strategy.  In the second stage, in lieu of the EPI spin the bottle technique, a segmentation method can be used consisting of four steps described by Turner et al (1996).  First, a sketch map of each selected cluster is mapped, depicting external and internal boundaries and a rough estimation of the location of households.  Then each cluster is then divided into segments of equal size on the map.  The number of segments is equal to the size of the selected cluster divided by the desired segment size, usually 40-50 households.  However, the number of households from each segment can be decreased by increasing the number of segments, which generally decreases the design effect.  One segment is selected at random using spin the bottle (or a similar method), and all households in the chosen segment are sampled.  This methodology has been proposed by UNICEF as one alternative to SRS and EPI for its Multiple Indicator Cluster Surveys (MICS).      

ALRI (to be added)

	Table 1: Methodology Description

	Methodology
	Utilization
	 First Stage
	Second Stage

	SRS
	DHS, MICS
	PSUs are listed and given unique number 1 to n (n is total number of PSUs); random sample of clusters selected ppes using random number table
	Households listed and given unique number 1 to n (n is total number of households); random sample of households selected using random number table

	EPI*
	s-scale
	Same as SRS
	Spin the bottle/random walk from center; proximity selection of households

	EPI-3
	s-scale (rare)
	Same as SRS
	Same as EPI but select every 3rd household

	EPI-5
	s-scale (rare)
	Same as SRS
	Same as EPI but select every 5th household

	EPI-peri
	s-scale (rare)
	Same as SRS
	Two random walks (one for periphery and one for center); households selected by proximity

	EPI-quarter
	s-scale (rare)
	Same as SRS
	Clusters divided into quadrants; independent second stage EPI in each quadrant to select households

	Segmentation
	MICS; s-scale (rare)
	Same as SRS
	Clusters divided into equal segments; random selection of one segment; all households in selected segment surveyed


Issues of Cost and Quality Control
Important to the consideration of the utility of a particular survey, are not only the design and issues arising from the design (discussed below) but also the costs in terms of time and resources.  The EPI methodologies cost about $10-$15/household (as per A. Bailes; but check in Malawi was about 5$/hh??) and can typically complete a sample size of 900 households in one week (check).  Costs of segmentation are comparable to EPI methodologies (~$15/household; see http://www.unicef.org/evaldatabase/Global_1999_Multiple_Indicator_Cluster.pdf; ask T. Eisele), and although segmentation requires additional time for mapping (planning, working with local leaders, finding vantage point etc), this can be minimized (ask T. Eisele for an average time estimate for mapping exercise per cluster).  SRS requires substantially more in terms of time and other resources (~$45-$50/household and weeks to months; source ??) than do either EPI methods or segmentation.  

The low cost of EPI methods in terms of time and resources is offset by methodological issues (described below) and, operationally, its limited ability to provide quality control.  For example, it is more difficult for supervisors to monitor the work of interviewers with EPI methods than either segmentation or SRS (Bennett et al, 1994). Ensuring that the randomly selected direction at first stage with EPI is maintained and revisiting a subsample of households are more difficult to do with EPI methods than segmentation or SRS.
Issues with methodologies
There are several issues with EPI methodology and its close relatives (i.e. EPI-3, EPI-5, EPI-peri) that come about when the methodologies are applied to surveys measuring parameters beyond immunization program coverage.  These problems are described by Bennett et al (1993), Kok, P. W. (1986); Kalton G. (1986), and Turner et al (1996).  The following briefly examines these issues.
First, the selection of households at second stage with EPI and its close relatives results in a non-probability or quota sample (i.e. a sample that does not ensure that each household has a known, non-zero probability of selection).  Technically, the theory of statistical inference applies only to probability samples.  Neither standard errors (SEs) nor confidence intervals (CIs) can be calculated from non-probability samples.  In practice, SEs and CIs are calculated in surveys using EPI as if SRS was used at second stage (i.e. as if it were a probability sample), producing smaller SEs and tighter CIs than would be expected—or simply invalid estimates according to statistical theory.  Furthermore, statistical tests comparing proportions from non-probability samples are invalid, as are tests of association between variables.  However, tests such as these are routinely conducted as part of surveys using EPI as if SRS was employed.  This is an important oversight.  Where EPI methods are treated as SRS, statistical tests and the inferences that derive from them are technically not valid, and in practice treating them as valid may lead to artificially small confidence intervals, anticonservative hypothesis testing, and incorrect inferences (Wang et al, 1997).  Unlike EPI and its close relatives, surveys employing SRS at second stage or segmentation produce probability samples (i.e. samples with known, non-zero probabilities) and thus the theory of statistical inference can be applied (Turner et al, 1996). 
A second issue is that the methods of selecting households at second stage in EPI methodologies result in selection bias (e.g. preference for households near main roads or closer to the designated center point) (how to measure?) not experienced when SRS is used at second stage.  Moreover, selection bias with EPI may be in the same direction in many clusters, so aggregation across many replicates does not help.  Selection bias with segmentation is likely to balance out as results aggregate across many clusters.  
Thirdly, EPI methodologies do not produce self-weighting samples because sampling frames are not updated.  Typically, the sizes of PSUs in EPI surveys are based on out-of-date census data which do not account for changes in population size since the last census.  This unreliability of out-dated census data may be particularly serious with mobile populations (e.g. pastoralists or IDPs).  Because sampling frames are not updated, sampling weights are necessary to produce valid unbiased estimators of population parameters
.   However, because selection probabilities of households/children are unknown with EPI, sampling weights cannot be calculated.  The inability to weight estimates from EPI surveys produces biased estimates of population parameters (insert example of weighted MICS versus weighted MICS as example; EPI would presumably be worse than this).  Furthermore, the bias may be in the same direction across clusters, thus increasing the bias as one aggregates from cluster to higher levels.  On the other hand, sampling weights can be calculated in surveys using SRS at second stage as sampling frames are updated (sampling weights are not necessary with selection of clusters using pps at first stage and a fixed, equal number of households selected using SRS at second stage).   Sample weights can be calculated with segmentation (in this case, all households have the same probability of selection if clusters at first stage are selected pps and different rates by strata are not applied).  Furthermore, in cases where population estimates of clusters are biased through the mapping exercise of segmentation, the effect of the bias is likely to balance out as on aggregates across clusters because each segment is randomly selected from all segments within each cluster.    
A fourth problem with EPI has to do with sampling bias and variance at second stage when cases of particular variables cluster in pockets.  Pocketing is related to the ‘main road’ discussed earlier but is slightly different (e.g. mothers reporting that they have access to clinics may cluster near clinics and/or main roads, but children reported to have measles may cluster away from main roads or the center of town).  Computer simulations by Lemeshow et al (1990) and Bennett et al (1994) demonstrate that EPI methodologies are significantly more prone to sampling bias caused by pocketing of cases than is cluster sampling using SRS at second stage.  These results are likely to underestimate the sampling bias produced by EPI as computer simulations cannot account for decisions made on the ground by humans with regard to selecting households in light of difficult terrain, time constraints, motivation etc. (i.e. computers are able to tirelessly sample as the crow flies while humans are less adept).  This should be considered when interpreting results from Bennett’s study.  The results, which used real data from 30 communities in Uganda (2532 hh, 4129 U5s), indicate that variances and hdeffs remain low for variables of nutritional status, and recent morbidity (though not epidemic e.g. measles) across sampling schemes and sample sizes (see Bennett et al; 1994, Table 2).  Bennett’s study concludes that EPI methodologies perform similar to SRS in terms of the effect of precision or bias on estimates of malnutrition, including mid-upper arm circumference, weight-for-height, and weight-for age, however not height-for-age.  EPI methods are also efficient for estimating recent morbidity (though not epidemic).  Furthermore, EPI methods are effective in their ability to produce estimates within a given range (+/- 2%, +/-1% and +/-0.5%) of the true value with efficiency increasing from EPI, EPI-3, EPI-5 to EPI-quarter (EPI-peri is not recommended).  Whether levels of error
 from 0.5% to 2% (usually upward) are acceptable will depend on survey objectives.  Though not examined in Bennett’s study, it is expected that segmentation would fare equally well in this regard, if not better than the EPI methodologies (the effect of pocketing is balanced across clusters, main road bias and related selection bias is limited as surveyors must select all households in the selected segment, and updated sampling frames are possible allowing for sampling weights to be calculated).  As per Bennett’s study, the EPI methodologies, but EPI and EPI-peri in particular, were not efficient in terms of precision, bias, or their ability to produce estimates within given ranges for socioeconomic (e.g. livelihood), educational, and cultural variables.  In fact, EPI and EPI-peri were poor at estimating any variables which showed a gradient in their distribution from the center to the edge of the community (e.g. or which tended to pocket within clusters.  EPI methods (except EPI-5 and EPI-quarter) also performed poorly at estimating stunting, education, and mother’s pregnancy status.  
A fifth issue is that surveys employing EPI methodologies often have multiple and disparate measurement objectives (i.e. anthropometric malnutrition and mortality), which require different sample sizes to produce valid, unbiased estimators of population parameters.  Although this problem is not limited to surveys using EPI, it is more frequently an issue in surveys where EPI is used.  An important consideration for sample size calculation is that a reference population which makes up a smaller part of the overall population will require a larger sample size to produce valid, unbiased estimators of population parameters (e.g. a larger sample for children 12-23 months required than U5s).  Likewise, parameters for which the frequency is relatively rare (e.g. U5 mortality rate or diarrhea in the last two weeks among U5s) will require larger sample sizes than more common events (e.g. underweight among U5s).  Thus a sample of sufficient size to produce valid, unbiased estimates of anthropometric malnutrition among U5s is not likely to be large enough for estimates of mortality rates.  Surveys employing EPI methods often ignore this fact, collecting data on both anthropometry and mortality from a sample size which only provides sufficient precision for estimates of anthropometric malnutrition.  This rule of thumb is also important to consider for estimating trends; a sample size sufficient to detect a change in anthropometric malnutrition among U5s will not be large enough to detect a change in U5 mortality rates or crude mortality rates.  The Demographic and Health Surveys (ORC Macro) and Multiple Indicator Cluster Surveys (UNICEF) do well in terms of ensuring an adequate sample size for survey objectives.
	Table 2: Comparison of Cluster Survey Methodologies by Selected Features

	Feature
	Standard EPI
	EPI-3
	EPI-5
	EPI-peri
	EPI-quarter
	Segment
	SRS

	Statistical 
Soundness
	Probability
Method: Valid SEs, CIs, and Sample Weights
	No
	No
	No
	No
	No
	Yes
	Yes

	
	Risk of Bias
(1 low, 
5 high)a
	5
	4
	4
	5
	4
	2
	1

	
	Relative Precisionb
	?c
	? c
	? c
	? c
	? c
	Marginally
Higher
	_

	
	Analytical Bias (Comparing
Proportions,
Testing 

Associations)
	High
	High
	High
	High
	High
	Low
	Low

	
	Trend Bias
	High
	High
	High
	High
	High
	Low
	Low

	Fieldwork Burden
	Avoids Listing
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	
	Overall Difficulty
	Low
	Low
	Low
	Low
	Low
	Medium
	High

	
	Mapping Skills Required
	Low
	Low
	Low
	Low
	Low
	Medium
	Med

	Adapted from Table 1 in Turner et al (1996)

a Assumes unbiased sampling frames and fieldwork faithful to design

b Basis of comparison is a cluster design using SRS with the same number of clusters and overall sample size
c Because EPI is not a probability sample, SEs and CIs cannot be calculated.  However, precision would be similar to SRS under the assumption of equal sample sizes and design effects as SRS (as is done in practice). 


Application of Results
Nutrition surveys often play important roles in nutritional surveillance, providing information for its various purposes (i.e. timely warning and emergency response, program monitoring and evaluation, and long term programming and policy making).  The following considers how well the various survey methodologies for small scale surveys fulfill these roles in light of the issues described earlier.  Only surveys estimating malnutrition are considered here.  Mortality estimates bring a further set of issues, addressed in a different section.
Nutrition surveys are often used to estimate the severity of nutritional crises and/or food insecurity, figures which can be used as a fail safe for timely warning and for making normative comparisons (e.g. MSF manual, UNHCR manual, FSAU Integrated Food Security Phase Classification) useful to emergency response planning.  Nutrition surveys for this purpose are more common in the Horn region of Africa than in southern Africa where the clinic-based and sentinel site systems are more advanced and less reliance is placed on small-scale surveys (albeit the 2005 National Nutrition Survey employed EPI spin the bottle at second stage).  The issues discussed below have important implications for the Horn region (particularly pastoralist and conflict/drought prone zones). 
Typically, prevalences of wasting are used for assessing the nutritional situation, sometimes in conjunction with edema calculated as global acute malnutrition (weight-for-height z-score <-2SDs and/or edema) and severe acute malnutrition (weight-for-height z-score <-3SDs and/or edema).  A relevant research question is: How accurate are estimates of anthropometric malnutrition from small scale surveys using the various sample survey methodologies as estimates of the true population prevalence among the various sample survey methodologies, considering the above issues?  For the purpose of a cross-sectional estimate of the prevalence of anthropometric malnutrition, the error of 1% to 2% produced by EPI (and to a lesser extent its close relatives) may not be too problematic.  Estimates of GAM and SAM may be more sensitive than 1% to 2% using EPI methods because edema may cluster due to infection.  More troublesome is the fact that sampling frames are not typically updated and thus sampling weights cannot be applied.  The magnitude and direction of the bias from the inability to calculate and apply sampling weights is not well understood, and in any case is variable.  However, in the Horn region of Africa where a large percent of the population is mobile (e.g. pastoralists or IDPs) the effect of using out-of-date sampling frames and the inability to weight sample estimates is highly problematic, especially since many surveys employ EPI in the region.  The implication is that if adequate sample sizes are used for a given survey’s objectives and the added step of mapping in segmentation is impossible (e.g. due to a conflict zone), the EPI methodologies can probably be used with some caution to obtain cross-sectional (i.e. point in time) estimates of anthropometric malnutrition for fail safes of timely warning and/or comparisons with normative values for emergency program planning.  However, CIs surrounding such estimates should be interpreted liberally for reasons discussed earlier.  
A related issue is the interpretation of food insecurity indicators in assessing the point-in-time nutritional situation of a population.  Because food insecurity indicators are likely to be distributed similarly to socio-economic/cultural indicators (i.e. in clusters and/or in a gradient from the center to the periphery of a cluster) EPI methodologies (especially EPI and EPI-peri) may be inefficient (biased) estimators of food insecurity.  The implication is that some caution is needed when using inferences of food insecurity from surveys using EPI methods to aid the interpretation of the severity of nutritional crises, which is often the case (e.g. FSAU Integrated Food Security Phase Classification System).     

Both SRS and segmentation provide more precise, unbiased estimators of anthropometric malnutrition in populations.  This is likely to be true of food security indicators for the reasons mentioned above.  However, the cost of SRS in terms of time and resources is prohibitive in most contexts for these purposes.  While the relatively low costs of EPI methods make them attractive in this case, segmentation provides a viable and cost-efficient alternative to EPI methods (except for when mapping is impossible i.e. conflict zones) for the purposes of providing estimates for fail safes of timely warning and making normative comparisons for emergency program planning.  In pastoralist areas where trading posts or villages are well established or semi-permanent and people simply move between these, EPI methods have the benefit of ease of practicality, however segmentation provides sound statistical footing with the additional input of mapping.  Furthermore, because clustering effects are likely to be greater in these populations, segmentation provides a better technical choice in terms of bias.  In pastoralist areas where trading posts or villages are less well established there is no clear practical advantage of EPI methods over segmentation (finding the center of a village versus mapping), while the updated sampling frame and probability sample provided by segmentation make it a superior technical choice.
Setting targeting priorities is made possible by information from situation analysis and program monitoring, and is a vital component of program planning.  Setting targeting priorities is typically done by comparing sample estimates among geographic areas or population sub-groups.  For this purpose, the 0.5%-2% error introduced by EPI methods (over and above the unknown bias from not updating the sampling frame) is an important consideration.  It is essential to get ranking by prevalence right as program decisions follow and resources are allocated accordingly.  It is unfortunate to allocate resources (e.g. food aid) to a particular group with less need than another because of inaccurate estimates of the population prevalence.  Considering the error involved in obtaining estimates of population parameters, EPI methods are not suitable for the purpose of setting targeting priorities.  While SRS, is efficient for this purpose, the high costs associated with it make it unsuitable in most cases (the exception being DHS, MICS, and large-scale/national surveys with multiple objectives).  Segmentation is a middle ground between EPI and SRS for setting targeting priorities, providing sufficient efficiency for program decision to be made and resource to take place while minimizing costs to achieve said efficiency.
Trend analysis is a vital feature of nutritional surveillance as it is more compelling to know the evolution of a particular situation (e.g. whether a bad situation is getting worse or improving) than it is to know an at-one-time (cross-sectional) status.  Furthermore, information on trends is essential to program evaluation and is important to program planning and policy making.  However, estimating differences through time is an order-of-magnitude more difficult than cross-sectional comparisons, because differences of interest are smaller (i.e. a 1 ppt/yr improving trend is a significant achievement); because two or more estimates both with errors around them are being compared (subtracting can blow errors right up); because one has to be sure one is comparing like with like (sample, age band, maybe season, etc – much of the nipsa1 effort was spent on this); and so on.  The EPI methods are not suitable for trend analysis because the 0.5%-2% error for anthropometric indicators may be compounded over repeated surveys, resulting in large errors where we are concerned with relatively small changes over time (i.e. a change of 0.5 ppts may be significant).  SRS is superior to EPI for the purpose of trend analysis, and segmentation provides an efficient middle ground.    
	Table 3: Issues by methodology and application

	Issue
	Application/Interpretation

	
	Normative: how serious is the prevalence; should it trigger intervention?
	Compare with other areas/groups: is this worse/better than others?
	Trends (and evaluation): is the situation for area/group better/worse than before?

	Selection bias: EPI methods
	Bias seriously interferes if tendency to same bias in different clusters is presumed
	Same as normative?
	Subtracting (or comparing) 2 doubtful estimates problematic; smaller differences expected than group comparisons

	Selection bias: Segmentation and SRS
	Interferes less as any bias should be randomized across clusters
	Same as normative?
	Same as normative

	Population estimates/weights by PSU: EPI methods
	Not available usually, hence aggregated (e.g. by 30 cluster) estimates affected, esp in mobile population (e.g. pastoralists, IDPs)
	Same as normative?
	As pop weights may change, further invalidates through time comparisons

	Population estimates/weights by PSU: Segmentation and SRS
	Deals with this problem (above)
	Same
	Better

	SE estimates: EPI methods
	Cannot be validly estimated; tend to be underestimated; hence over confidence
	Type I errors likely (concluding two groups different when not): difference significance over estimated
	Same as others, type I errors thru time, or for evaln.

	SE estimates: Segmentation and SRS
	Valid, hence nearer correct assessment of confidence intervals
	Significance of differences valid
	Trends can be validly assessed.


Conclusions and Recommendations
The above synthesis of available literature suggests that EPI methodologies are suitable for the following purposes:

1) Rapid appraisal/point-in-time estimates of nutritional status and morbidity (though not epidemic);

2) Providing information for fail safes of timely warning systems;

3) When normative comparisons are desired.  
EPI methods are most relevant to areas with conflict or emergencies that limit the feasibility of other methods (e.g. segmentation).  In mobile populations (e.g. pastoralists or IDPs) EPI methods may not be particularly efficient due to the unreliability of out-of-date census data.  This is particularly relevant to the Horn of Africa region, where health and nutritional surveillance systems rely heavily on small-scale surveys for accurate and reliable estimates of health and nutritional status.  EPI may be used with caution for the above purposes (1-3) in the Horn of Africa region, however segmentation should be considered as an efficient alternative to EPI whenever mapping can be conducted.  In southern Africa where health systems infrastructure is more well established, there is less need for small-scale surveys, and supporting the further development of existing health information systems and nutritional surveillance systems is likely to be more cost-effective and sustainable.  However, for purposes one through three, segmentation is preferable to EPI methods in southern Africa as well.  
For the purposes of setting targeting priorities and conducting trend analysis, EPI is not efficient, and in most cases, SRS is not practical outside large-scale surveys (e.g. DHS and MICS).  Segmentation is an efficient alternative to EPI and SRS for these purposes, and as such should be considered for inclusion in the nutritional surveillance systems in the Horn of Africa and southern Africa.
In light of the findings of the available literature, governments and non-governmental organizations may re-consider the appropriateness of EPI methods for estimating population parameters, especially nutritional and health status, in their present context.  It appears from the historical record that EPI methods have been applied extensively in situations outside of their recommended use, particularly in the Horn of Africa (Bennett et al, 1994; Turner et al, 1996).  The effect of the use of EPI methods on program/policy decisions versus the counterfactual of alternative sampling methods such as segmentation or other measures such as supporting the development of health/nutritional information systems and infrastructure is unknown and probably cannot be determined.  However, it is likely that in certain contexts (i.e. non-conflict emergencies and in mobile populations), especially in the Horn of Africa, alternatives to EPI can be considered to ensure that nutritional surveillance systems are robust, thereby supporting program/policy decisions in the best possible way.
References

Bennet S, Radalowicz A, Vella V, Tomkins A. A computer simulation of household 

sampling schemes for health surveys in developing countries. International Journal of Epidemiology, 1994; 23: 1282-1291.
Kalton G. Some proposed modifications for the WHO’s Simplified Cluster Sampling Method for Estimating Immunization Coverage. New York: UNICEF, 1988. 

Kok PW. Cluster sampling for immunization coverage. Soc Sci Med, 1986; 2: 781-783.
Lemeshow S, Tserkovnyi A, Tulloch J, Dowd E, Lwanga S, Kejas J. A computer 

simulation of the EPI survey strategy. International Journal of Epidemiology 1985; 14:473-481. 

Lemeshow S and Robinson D. Surveys to measure programme coverage and impact: A review of the methodology used by the Expanded Programme on Immunization. World Health Statistics Quarterly, 1985; 38: 65-75.
Turner A, Magnani R, Shuaib M. A not quite as quick but much cleaner alternative to the 

Expanded Programme on Immunization (EPI) cluster survey design. International Journal of Epidemiology, 1996; 25: 198-203.
http://www.unicef.org/evaldatabase/Global_1999_Multiple_Indicator_Cluster.pdf
Wang S-T, Yu M-L, Lin L-Y. Consequences of analyzing complex survey data using 

inappropriate analysis and software computing packages. Public Health, 1997; 111: 259-262.

� The practice of selecting a fixed, equal number of households from each cluster does not correct for the sampling frame being inaccurate (Turner et al, 1996).


� Mean square error—a measure of which captures total error (bias and variance)














