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Abstract. Coverage evaluation surveys (CESs) are an important complement to routinely reported drug coverage
estimates followingmassdrugadministration for neglected tropical diseases (NTDs). Although theWHOrecommends the
routine use of CESs, they are rarely implemented. Reasons for this low uptake are multifaceted; one is uncertainty on the
best sampling method. We conducted a multicountry study to compare the statistical characteristics, cost, time, and
complexity of three commonly used CES sampling methods: the Expanded Program on Immunization’s (EPI’s) 30 × 7
cluster survey, a stratified design with systematic sampling within strata to enable lot quality assurance sampling (S-
LQAS) decision rules, and probability sampling with segmentation (PSS). The three CES methods were used in Burkina
Faso, Honduras, Malawi, and Uganda, and results were compared across the country sites. All three CESmethods were
found to be feasible. The S-LQAS approach took the least amount of time to complete and, consequently, was the least
expensive; however, all three methods cost less than $5,000 per district. The PSS design resulted in an unbiased, equal-
probability sample of the target populations. By contrast, the EPI approach had inherent bias related to the selection of
households. Because of modifications needed to maintain feasibility, the S-LQAS method also resulted in a non-
probability sample with less precision than the other two methods. Given the comparable cost and time of the three
sampling methods and the statistical advantages of the PSS method, the PSS method was deemed to be the best for
CESs in NTD programs.

INTRODUCTION

The success of neglected tropical disease (NTD) programs
working to control or eliminate diseasedependson their ability
to deliver preventative chemotherapy (PC) to populations at
risk.1 The drugs are delivered on an annual, semiannual, or
biennial basis to populations living in endemic areas through
mass drug administration (MDA) campaigns. The metric for
determining if MDA campaigns have met their target is drug
coverage, defined as the number of individuals in the program
area (typically a district) who have swallowed the drug, or
combination of drugs, divided by either the total population
(“epidemiologic coverage”) or the population that was eligible
to receive the drugs (“program coverage”). We know from
experience and models that achieving high drug coverage,
meaning coverage that meets or exceeds a disease-specific
threshold set by the WHO, is expected to lead to the
achievement of control and elimination goals.2–4

Monitoring of PC coverage is typically based on reported
coverage rates, which are calculated by aggregating drug
distributors’ records of doses administered and dividing by a
population estimate typically taken from census projections.
Although reported coverage is an essential tool for program
monitoring, it is prone to errors resulting from incorrect esti-
mates of the target population, weak health information sys-
tems, and, at times, intentional inflation of the number of
persons treated.5 A coverage evaluation survey (CES) is a
valuable tool for evaluating program performance. Coverage
evaluation surveys are population-based surveys designed to
provide adequately precise estimates of treatment coverage

that overcome many of the biases and errors that can un-
dermine reported coverage. Whereas typically regarded as a
tool for estimating treatment coverage, the benefits of and
uses of CESs go beyond the estimation of treatment levels
attained. Because participant recall in CESs has been shown
to be generally accurate, particularly when surveys are con-
ducted shortly after MDA, CESs can be used by country
programs to assess the accuracy of the routine reporting
system.6 Other potential uses for CESs include identifying
reasons for noncompliance, detecting problems with the
supply chain and distribution systems,measuring coverage in
specific subpopulations of interest, and serving as a vehicle
for estimating the value of other variables, such as those re-
lated to knowledge, attitudes, and perceptions regarding
MDAs.
TheWHO recommends the routine use of CESs as ameans

ofmonitoringMDAprograms, but they are rarely implemented
on a routine basis.7,8 Anecdotally, national NTD programs and
implementing partners commonly mention as reasons for the
infrequent use of CESs that they are expensive, resource in-
tensive, and difficult to conductwell, and that the results arrive
too late to impact the current MDA. When conducted, CESs
have traditionally used a variation of the sampling design de-
veloped by the Expanded Program on Immunization (EPI) to
measure immunization coverage.9 Indeed, the 2011 WHO
manual on the epidemiological assessment of MDAs to elim-
inate lymphatic filariasis (LF) recommends a variation of the
EPI approach for CESs.7 However, it has long been recog-
nized that the original EPI cluster survey approachmay lead to
biased results because it does not rely on probability-based
sampling.10 Whereas the EPI approach is fast and simple,
surveystatisticianshaveproposedaprobability-basedcluster
sampling design in which primary sampling units (PSUs) are
divided into segments as a way to reduce the workload, with
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the sample selected within a single segment. Another sam-
pling alternative to the EPI approach that has been put forth is
lot quality assurance sampling (LQAS), in which random or
systematic sampling is used to determine if a threshold cov-
erage level has been reached.11 Lot quality assurance sam-
pling surveys are typically conducted in smaller strata (e.g.,
subdistricts or supervision areas), and then results from each
stratum can be aggregated to calculate a coverage estimate
for the entire survey area.12,13 The LQAS approach is touted
for its small sample size, the ease of basing programmatic
decisions on the threshold results, and the ability to gain
programmatically useful information at the subdistrict level.
Until 2016, there was a lack of a single recommended

sampling design for conducting CESs across the PC NTDs,
which contributed to poor uptake of the surveys by country
programs. As a result, the decision of whether to conduct a
CES and themethodology used has been left to implementing
partners and disease-specific focal points.
In 2013, the Task Force for Global Health convened a

stakeholders’ meeting on CESs to better understand the
reasons for their infrequent use. A key output of the meeting
was the need to conduct a rigorous comparison of the pro-
grammatic feasibility of the most common sampling meth-
odologies, with the goal of developing a single set of
guidelines for conducting CESs for PC NTDs.
To address the stakeholder meeting recommendation, this

multicountry study was designed to compare the cost, time,
and complexity of CESs using the following sampling meth-
ods: the EPI approach, stratified survey using lot quality as-
surance sampling (S-LQAS) within strata, and probability
sampling with segmentation (PSS). The three sampling
methods were compared in Burkina Faso, Honduras, Malawi,
and Uganda, always within the context of the ongoing NTD
program. This article describes the sampling methods under
comparison, interprets the resulting PC coverage estimates,
compares the different feasibility metrics, and ultimately
weighs the statistical properties and programmatic feasibility
of each method to recommend the one best suited for NTD
programs.

METHODS

The EPI, LQAS, and PSS methods were each piloted at the
district level (or district-level equivalent) in Burkina Faso,
Honduras, Malawi, and Uganda (Table 1). The following is a
brief description of the sampling methods and how they dif-
fered from each other.
Key terms. The PSU definition was consistent across all

three sampling methods within each country and typically
corresponded to the smallest administrative unit for which a
population estimate could be obtained. Primary sampling
units were typically villages, including localities and hamlets,
or census enumeration areas (EAs). An EA is generally the area
canvassed by a single census worker. The size of EAs in
households at the time of the last census and EA maps are
obtained from the country’s census office. Enumeration areas
generally have fewer households and vary less in the number
of households than other units used as PSUs, and have the
desirable attributes for probability sampling described in the
discussion section of this article. Because of these advantages,
EAs are used as PSUs in Demographic andHealth Surveys and
in UNICEF’s Multiple-Indicator Cluster Surveys.14,15

The target population is defined as the population for which
an estimate of PC coveragewas desired. For CESsmeasuring
MDA coverage for LF, onchocerciasis, or trachoma, the target
population was everybody living in the targeted district, re-
gardless ofMDA eligibility. This alignswith theWHO identified
targets for epidemiologic coverage (Supplemental Table 1).
The EPI’s cluster sampling approach. The EPI approach

is a cluster sampling approach for calculating coverage that
has been implemented thousands of times around the world.9

It is designed to be as quick and easy as possible while en-
suring that data are collected throughout the sampling frame.
This study followed the protocol described by the Global
Program to Eliminate LF, which is based on WHO’s EPI
sampling methodology.7,9 In brief, 30 clusters were selected
from a list of all PSUs in the district using probability pro-
portional to estimated size sampling (PPES) using total pop-
ulation as the measure of size. On arrival at each selected
cluster, the survey team asked the local leaders to identify the
center of the PSU. The starting household was chosen by
picking a random direction from the center of the PSU by
spinning a pen or bottle, enumerating all households in the
chosen direction up to the outer border of the PSU, and then
picking one at random to be the first selected house. House-
hold sampling proceeded by selecting the nearest-neighbor
household, defined as the household with a front door closest
to the previously selected household. Within each selected
household, all members of the target population were inter-
viewed. This process continued until the target sample size for
the cluster (the same for each cluster) was obtained. If the
sample size was met before enrolling everyone in the final
household, then enrollment continued until all household
members were included.
Stratified sample using lot quality assurance sampling

within each stratum. Lot quality assurance sampling is a
random sampling method that was originally developed by
the manufacturing industry and later applied to public
health.16,17Generally, a small simple randomsample is taken
from a population (or “lot”), and the results are used to
classify the lot as “acceptable” or “unacceptable” relative to
a given threshold. With the lots treated as strata, prevalence
estimates and standard error can then be calculated for the
lots as a whole.
Districts selected for the stratified sample using LQAS

within each stratum (the S-LQAS approach) were first divided
into five supervisory areas (SAs) that corresponded to sub-
district areas of MDA supervisory responsibility. These SAs
were the survey strata. First, 19 villages or EAs were selected
systematically fromwithin each SA using PPES sampling with
the number of households as the measure of size. It was
possible for a large village or EA to be selected more than
once. Within each selected village or EA, a single household
was chosen; two households were chosen if the village or EA
was selected twice. Whenever possible, household selection
was performed by picking a randomnumber between one and
the total number of houses in the village or health system
register; the selected household was the one corresponding
with the randomnumber.When a register was unavailable, the
survey team asked the village leaders to make a list of all
households and randomly pick one. If a register was unavail-
able and the village/EA was too large for the village leader to
enumerate, then the teamfirst divided thePSUs into segments
of approximately equal size in households, randomly selected
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one, and then enumerated all households in the selected
segment and randomly selected one.
To select a single respondent from the selected household,

names of everyone living in the household, regardless of MDA
eligibility, were listed on a piece of paper that was placed in a
hat or bowl. One name was drawn, and that person was en-
rolled in the study. If the selected individual was not present,
then another member of the household was asked to serve as
aproxy respondent for the absent individual. In the event that a
proxywas not present or if the selected householdwasempty,
the nearest-neighbor household was visited and a single in-
dividual chosen for enrollment, as described earlier.
Probability samplingwith segmentation. ThePSSdesign

produces an equal-probability sample of the target population
and is derived from the “modified segment design” option
described in themanuals for rounds 2–4ofUNICEF’sMultiple-
Indicator Cluster Surveys and by Turner et al.18,19 First, the
sampling teamconstructed a list of all PSUs in the survey area,
each with its projected number of households. If PSU size in
households was not already available, then it was calculated
by dividing each PSU’s projected total population by the av-
erage household size. The estimated number of households in
each PSU was then divided by 50 and rounded to the nearest
integer to determine the number of 50-household segments to
assign to each PSU. Next, 30 PSUswere selected from the list
of all PSUs in the survey area by PPES sampling using the
number of segments per PSUas itsmeasure of size. On arrival
at a selected PSU, the survey team worked with the local
leaders to divide the PSU into a predetermined number of
segments equal to the number of segments used for the PPES
selection of the PSU. Segments within a PSUwere delineated
such that each had approximately the same number of

households. One segment was selected at random, and a
fixed proportion of households was selected systematically
from among all households in the segment. The same pro-
portion was used in all selected segments and was expected
to produce the overall target sample size. All residents of the
selected households were enrolled in the survey. If one or
more residents of a selected household were not present at
the time of the survey, then a family member was asked to
serve as a proxy respondent and respond on their behalf. If no
proxy was available, then the absent individual was excluded
from the survey; there was no selection of make-up house-
holds because the sample size included inflation for non-
response. The reason for defining PSU size as the number of
50 households it contains is based on field experience, in-
dicating it would result in an efficient balance for NTD CESs
between the time needed for segmentation (increased by
segments with fewer households) and the time needed to
enumerate and visit households within segments (increased
by segments with more households). As shown by Equation
(2), the PPS method results in an equal-probability sample
regardless ofwhether a higher or lower number than50 is used
to define the segment size.
Within-segment sampling fraction of households (fixed

across all segments):

f ¼ target sample size
30� avg: HH size� 50ð1� rÞ, (1)

where HH = household, f = sampling fraction of households,
and r = anticipated rate of nonresponse.
Probability of selection for a target population member liv-

ing in the survey area:

TABLE 1
Summary of coverage evaluation survey characteristics by country and district

Country District
Sampling

methodology
Primary

sampling unit Disease(s) targeted Drugs assessed
WHO target coverage

threshold (%) Survey population

Burkina Faso Batie PSS Enumeration areas LF Albendazole and
ivermectin

65 Everybody
(all ages)Dano S-LQAS NA

Diebougou EPI Enumeration areas
Honduras Gracias EPI Village Soil-transmitted

helminthiasis
Albendazole 75 Children aged

24–59 monthsLepaera S-LQAS NA
San Juan PSS Village

Malawi Balaka S-LQAS NA LF Albendazole and
ivermectin

65 Everybody
(all ages)Machinga EPI Village

Zomba PSS Village
Uganda Amuru EPI, S-LQAS,

and PSS
Village LF, onchocerciasis,

schistosomiasis,
and trachoma

Albendazole,
ivermectin,
praziquantel, and
azithromycin

65, 65, 75,
and 80*

Everybody
(all ages)

EPI = Expanded Program on Immunization; LF = lymphatic filariasis; NA = not applicable; PSS = probability sampling with segmentation; S-LQAS = stratified survey with lot quality assurance
sampling.
*WHO target coverage thresholds for lymphatic filariasis, onchocerciasis, schistosomiasis, and trachoma, respectively.

P
�
any target population memberl living in PSUi, segmentj, HHk

�

¼ 30 ð# segments PSUiÞ
sum of segments across all PSUs

� 1
ð# segments PSUiÞ � f � # target pop members in HHk

# target pop members in HHk
,

¼ 30 f
sum of segments across all PSUs

,

(2)
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where PSU = primary sampling unit (i.e., village or EA) and
pop = population.
Sample size. Whenever possible, the statistical properties

and assumptions required to calculate the sample size for
eachmethodwereheld constant across thedifferent sampling
methods for greater comparability. The required sample size
for both the EPI and PSS surveys was 1,537 (1,808 after in-
flation for 15% nonresponse) and was calculated using the
following formula, where design effect (DEFF) is the antici-
pated DEFF, Z2

α=2 is the critical value of the normal distribution
at α/2, P is the expected proportion of coverage (the most
conservative value of P = 0.5 was used), δ is the desired level
of precision (with the exception of Honduras, all sites used
±5% precision for both the EPI and PSS surveys), and r is the
anticipated nonresponse rate (Table 1).

n¼
ðDEFFÞ

�
Z2
α=2

�
ðPÞð1�PÞ

δ2ð1� rÞ : (3)

For S-LQAS, the sample size was set at the SA level, and a
decision rule was specified for classifying coverage within the
SA. The decision rule depends on two types of error: wrongly
classifying coverage as below a threshold when it is at or
above the threshold (type I) and wrongly classifying coverage
as at or above a threshold when it is below the threshold (type
II). A sample size of n = 19 was deemed appropriate for clas-
sifying coverage at thresholds of 65%, 75%, and 80% (the
WHO target thresholds for the PC NTDs), while keeping the
risk of both alpha and beta errors less than 10%. Results were
aggregated across the SAs to calculate a weighted coverage
estimate for the entire district, taking account of the stratified
survey design. To achieve a coverage estimate with compa-
rable precision (±5%) and confidence level (95%) to the EPI
and PSS designs would have required visiting 384 separate
villages/EAs per district, which was deemed infeasible. In-
stead, it was decided that (±10%) precision, at the same 95%
CI,wasacceptable and resulted ina feasible sample sizeof 96.
This was reduced to 95 so that it resulted in an integer when
divided by five (the number of SAs). Therefore, 19 people were
selected in each SA (Table 2).
To assist the survey teamswith the sample size calculations

and site selection, an Excel-based tool was developed that
includes separate calculation sheets for each methodology
(accessible at: https://osf.io/j9wgr/).
Burkina Faso. The CESs took place in Burkina Faso in

February–March 2015 and were used to evaluate the cover-
age of a recent LF MDA (ivermectin and albendazole) that had
taken place 6 months before the assessment. The Ministry of
Health formed three survey teams, each of which was trained
on one of the sampling methods and assigned to a separate
district. The EPI survey was implemented in Diebougou dis-
trict, theS-LQASsurvey inDanodistrict, and thePSSsurvey in
Batie district. Asper the studyprotocol, districtswere selected
to be as similar as possible with regard to population density,
area size, and endemicity of NTDs. In addition to the standard
CES questionnaire, the national NTD programs added ques-
tions to assess the population’s knowledge, attitudes, and
perceptions related to the LF MDA.
Honduras. In Honduras, the CESs were conducted in

June–July 2015 and were used to measure the deworming
coverage (albendazole) among preschool-aged children
(PSAC; defined here as 24–59 months) 1–2 months after the

MDA. Five survey teams were formed: two teams jointly
implemented the EPI approach in Gracias district, two teams
jointly implemented the PSS approach in San Juan district,
and one team implemented the S-LQAS in Lepaera district.
These districts were selected based on the program need,
safety for study teams, and similarity of demographic and
epidemiologic characteristics. The Honduran program de-
termined that ±10% precision was sufficient for all three
sampling methods, resulting in a smaller sample size for the
EPI and PSS surveys than the other countries. Furthermore,
because the target population was only 24–59 months,
Equation (1) was modified for the EPI and PSS surveys in
Honduras, replacing the average household size with the av-
erage number of children aged 24–59 months per household.
For the S-LQAS survey, if the selected household did not have
a child in the target age range, then a replacement household
was randomly chosen. The CESs were conducted as an in-
tegrated activity with the EPI to measure coverage of measles
vaccine.
Malawi. The Malawi CESs were conducted in February of

2014 and were used to evaluate the coverage of an LF MDA
(ivermectin and albendazole) that had taken place 6 months
prior. The districts of Machinga, Balaka, and Zomba were
selected for the study, based on the needs of the program and
the demographic and epidemiologic similarities of the dis-
tricts. Three district-level teams were identified by the MOH
and each trained on one of the sampling methods: the EPI
method in Machinga district, the S-LQAS method in Balaka
district, and the PSS method in Zomba district.
Uganda. In Uganda, the CESs were conducted in October–

November 2014. To accommodate the National Program’s
request to evaluate multiple drug packages, integrated CESs
were conducted to measure the coverage for LF and oncho-
cerciasis (ivermectin and albendazole), distributed 6 months
prior, as well as coverage for schistosomiasis and trachoma
(praziquantel and azithromycin, respectively), distributed
4 months prior. Survey team members were trained on ap-
proaches to help improve participants’ ability to recall. Tech-
niques included letting participants hold examples of each pill
while describing the unique aspects of each MDA (e.g., “do
you remember standing against the tall dosing pole?”) and
reminding participants which diseases each drug treats. Be-
cause Amuru district is considered a high-risk area for schis-
tosomiasis, both children and adults were eligible to receive
praziquantel. Consequently, everybody living in the district
was considered part of the target population for the integrated
CES. To obtain a more meaningful comparison of the relative
feasibility of the sampling methods, the Ministry of Health
decided to conduct all three sampling methods in the Amuru
district. Three survey teams were formed at the national level
and trained on all three methods. The teams then worked to-
gether to conduct three independent surveys inAmurudistrict,
starting with the PSS sampling method, followed by the
S-LQAS method and then the EPI method. As the selection
of PSUs was performed independently for each sampling
method, in some instances, the same PSU was included in
more than one coverage survey and received multiple visits
from the survey teams.
Team composition. Each survey team comprised one

driver and two surveyors. One surveyor served as the record-
keeper, in chargeof recording the timeof arrival and the survey
responses in the handheld electronic device and one interviewer
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in charge of interviewing the respondents and showing ex-
amples of medication offered during the MDA. On arrival in a
selected PSU, the survey team introduced themselves to the
local leader and sought his or her permission to implement
the CES. Once permission was granted, the survey team
identified a local guide (generally a health worker or village
leader) to help navigate the PSU and introduce the survey
team at the selected households.
Survey questionnaire. At each selected household, the

survey team members introduced themselves to the head of
household and sought verbal consent for each familymember
to participate in the survey. All members of the target pop-
ulationwere considered eligible to participate in the survey. To
increase participant recall, individuals were shown examples
of the drug(s) that were offered during the MDA before being
asked to respond to the survey questions. Caregivers were
asked to respond on behalf of children aged < 10 years. If a
respondent was missing but expected to return the same
day, then the survey team returned later the same day. If the
respondent was still missing at the second visit or missing
and not expected to return at the time of the initial visit, then
another adult in the household was invited to answer on
behalf of the missing respondent. Such answers were noted
as proxy responses in the database. In the event that no one
was present at a selected household, the household was
skipped, and the survey teamproceeded to thenext selected
household.
Feasibility.Tomeasure the relative feasibilityofeachsampling

methodology, the survey teamswere asked to record the time
of arrival and departure at each PSU. This information was
validated against the automatic time and date stamps recor-
ded by the cell phones at the initiation and completion of each
survey record. At the end of the survey, the teams calculated
the number of days it took to complete the survey fieldwork,
themean time (inminutes) to finish samplingwithin aPSU, and

the cost of the survey. In addition, at the end of the CES, each
team member was asked to complete a qualitative question-
naire to assess their feelings regarding the complexity, chal-
lenges, and overall impression of the sampling methodology
to which they were assigned.
Data collection. All data were collected using the LINKS

system (Task Force for Global Health, Decatur, GA) on Android-
based cell phones.20

Ethics. Ethical clearance from the local institutional review
boards was sought in advance of each study. In Burkina Faso,
ethical clearance was granted from the Ethical Committee for
Health Research in theMinistry of Health. In Honduras, ethical
clearance was provided by the Pan American Health Organi-
zation’s Ethical Review Committee. In both Malawi and
Uganda, theMinistriesofHealthconsidered theCEStobepartof
routine public health program practice and each sent a formal
letter indicating that ethical approval was not necessary for the
study. Permission to conduct the survey was obtained from
community leaders on arrival in each PSU, and all participants
gave verbal consent before participating in the survey.
Analysis. Drug coverage was calculated as the number of

people who reported having swallowed the drug(s) divided by
everyone enumerated in the survey area (“epidemiologic
coverage”). The one exception was for coverage of albenda-
zole in Honduras, where the denominator was the number of
PSAC in the survey area. For the S-LQAS survey, the SA
coverage results were weighted according to the projected
total population of each SA to arrive at the district-wide esti-
mate. Confidence limits for the EPI and PSS methods were
calculated using the paired selection model, described by
Kish, which accounts for the implicit stratification that occurs
when PSUs are selected from a geographically ordered
sampling frameand for variance inflationdue to the correlation
of responses within each PSU.21 Confidence limits for the
S-LQAS survey were calculated by treating the survey as a

TABLE 2
Statistical parameters used for sample size calculations across the three sampling methods

Expanded Program on Immunization’s
cluster survey

Stratified survey with lot quality
assurance sampling within strata Probability sampling with segmentation

Expected coverage (P) (%) 50 50 50
Desired precision (δ) (%) 5 10 5
Confidence level (Z) (%) 95 95 95
Anticipated nonresponse (r) (%) 15 NA 15
Anticipated design effect 4 NA 4
Target sample size* (n) 1,537 95† 1,537
Stratum Single stratum consisting of entire

target population
Target population divided into five
strata (SAs)

Single stratum consisting of entire
target population

Selection of PSUs 30 PSUs selected with probability
proportional to the estimated
size in total population

19 EAs/villages selected
systematically from within each
stratum with probability
proportional to estimated size in
households

30 PSUs selected with probability
proportional to estimated size in
segments

Selection of secondary sampling
units

Random walk, and enrolling
nearest-neighbor households
until PSU quota for each PSU is
reached

One household selected randomly
within each selected EA/village

PSUs selected for the survey
sample segmented, and then
one segment was selected at
random. Fixed sampling interval
used to systematically select
households within selected
segments

Selection of individuals within
selected households

All eligible persons A single person selected randomly
from among all household
members

All eligible persons

EA = enumeration area; NA = not applicable; PSU = primary sampling unit; SA = supervisory area.
* Target sample size does not reflect the inflation for nonresponse.
†Stratified survey with lot quality assurance sampling information is for the district-level results from the stratified and weighted analyses of the five strata SAs.

1704 GASS AND OTHERS



stratified sample. Data cleaning and basic analyses were
performed in SAS v9.4 (SAS Institute, Cary, NC), whereas the
complex survey analysis was conducted in R version 3.3.1
(R Core Team, Vienna Austria) using the “survey” package.22,23

RESULTS

A total of 11,094 people were interviewed for the 12 in-
dependent coverage surveys, conducted across the four
countries (Table 3). The surveyed coverage estimates varied
widely by country, ranging from 13% to 86%. The DEFF for
survey coverage ranged from0.9 to 22.68,with amedian value
of 2.14.
In Burkina Faso, the results from all three surveys indicate that

MDA coverage exceeded the WHO target threshold for LF (sur-
veyed coverage ³ 65%). InDano andBatie districts, the reported
coverage fell within the 95% CI for the surveyed coverage,
servingasavalidationof the reportedcoverageandan indication
that the reporting system is working well. In Diebougou district,
the reported coverage narrowly exceeded the upper confidence
limit of the coverage estimate by survey (Table 3).
The surveyed coverage estimates from Honduras indicate

that none of the three district sites achieved the WHO target
threshold of ³ 75% coverage for soil-transmitted helminthia-
sis. In Lepaera district, the reported coverage (42%) was in-
cluded within the CI around the coverage estimate by survey
(33% and 54%), serving as validation of the reported cover-
age, whereas in Gracias and San Juan districts, the reported
coverages of 89% and 76%, respectively, far exceeded the
upper confidence limit around the coverage estimate by sur-
vey (Table 3).
In Malawi, the coverage estimates by survey for all three

districts exceeded the WHO target threshold of ³ 65% cov-
erage for LF; however, only in Balaka district was the reported
coverage also validated by the survey coverage results. In
Machinga and Zomba districts, the reported coverage (89%
and 83%, respectively) exceeded the upper confidence limit
around the coverage estimate by survey (Table 3).
Finally, in Uganda, the three sampling methods were used

independently in the same district and separate estimates of
coverage were obtained for each drug offered. All three
sampling methods found that coverage for praziquantel and
azithromycin was the lowest of the four drugs, and far below
the MDA target thresholds of 75% and 80% for schistoso-
miasis and trachoma, respectively. Although the surveyed
coverage estimates for albendazole and ivermectin were
higher, they too fell short of the 65% target coverage by all
three sampling methods. The reported coverage was univer-
sally high, relative to the surveyed coverage, for all four drugs;
none of the three coverage sampling methods resulted in
estimates that validated the reported coverage (Table 3).
In addition to the2-sided95%CIsaround thesurveycoverage

estimates, Table 3 also contains the lower 1-sided 95% CIs for
eachof thesurveycoverageestimates. It is important tonote that
the former is most useful when comparing the survey coverage
with the reported coverage to see if the two figures are reason-
ably close (e.g., Is the reported coverage within or close to the
95%CI around the surveyed coverage?). The lower 1-sidedCI is
preferred for comparing with the WHO target threshold. If the
lower 1-sided CI is equal to or greater than the target threshold,
thenonecanbe reasonablyconfident that thecoveragemeetsor
exceeds the recommended target.

The results from the feasibility calculations are shown in
Table 4. The S-LQAS approach was the fastest to complete in
every country except Burkina Faso, requiring more than
2 weeks (15 days). On average, the EPI and PSS approaches
took the same number of team days to complete (19); how-
ever, the PSS approach took about a half hour longer per site
than the EPI approach. The cost for all three approaches was
similar, ranging from $3,200 to $4,500, once training costs
were factored in.
Summary results from the qualitative questionnaire

(Figure 1) suggest that survey team members’ perceptions
varied widely within each method. The steps required to find
the first house to survey within a given EA/village differ
across the three sampling methods and are often time
consuming. For the EPI approach, most respondents found
it “easy” to find the first house. For the S-LQAS approach,
most respondents found it “very easy” or “easy” to find the
first house, whereas for the PSS approach, survey team
members differed in whether it was “very easy” or “difficult.”
The amount of perceived time it took to complete the sam-
pling within a given PSU (stratum for S-LQAS) was consid-
ered to be the least for the S-LQAS approach, followed by
more time for the EPI approach and the most perceived time
for the PSS approach, although responses varied within
each category.

DISCUSSION

Coverage evaluation surveys are an important tool, used
by public health programs to monitor the reach of an in-
tervention. For NTD programs, CESs are essential for un-
derstanding the expected impact of MDAs, assessing the
accuracy of the routine reporting system, and identifying
ways to improve programperformance. Becauseof themany
sampling methods and adaptations that have been used for
coverage surveys over the years, there have been several
studies conducted to compare the coverage estimates and
survey characteristics of different sampling methods for
vaccination coverage24–28 and NTDs29–31; however, we are
not aware of any studies that have also compared the fea-
sibility of different coverage samplingmethods in the context
of NTD programs. This study was designed to compare the
feasibility and statistical merits of three common coverage
sampling methods (the EPI’s cluster survey, a stratified sur-
vey with LQAS within strata, and cluster sampling with seg-
mentation) across a variety of country settings and disease
platforms, with the aim of recommending a single CES
sampling method for NTD programs to adopt moving
forward.
All three CES methods were found to be feasible, in the

sense that they were successfully conducted by national NTD
programs using local staff. Overall, the S-LQAS approachwas
the fastest method to complete, requiring one team on an
average of 14 days to complete the survey in the field; con-
sequently, it was also the least expensive. The PSS approach
required the most time to complete sampling within a PSU;
however, overall, the EPI and PSS approaches took the same
amount of time to complete the full survey (19 days). A closer
look at the variation in time to completion suggests that the
differencesmayhavemore todowith the characteristics of the
districts themselves than the sampling methodology. For ex-
ample, in districts with lower population density, the surveys
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took longer and team members had to walk further to find the
next household, regardless of the method used. The Uganda
study was designed to provide the best comparison of feasi-
bility across the three sampling methods (the same teams

conducted all three methods in the same district); however, it
is hard to disentangle potential confounding due to the survey
teams’ ability to adapt and improve over time. The teams re-
ported that thework got easier and faster as theywent on,with

TABLE 4
Time and cost calculations for the three coverage sampling methods

Expanded Program on Immunization’s cluster survey
Stratified survey with lot quality assurance sampling

within strata Probability sampling with segmentation

Country

Days required
for one team to
complete the

survey

Mean time to
complete

sampling in each
PSU (minutes)

Cost (training +
implementation)

($)

Days required
for one team to
complete the

survey

Mean time to
complete

sampling in each
PSU (minutes)

Cost (training +
implementation)

($)

Days required
for one team to
complete the

survey

Mean time to
complete

sampling in each
PSU (minutes)

Cost (training +
implementation)

($)

Burkina Faso 18 276 4,385 19 59 4,816 17 277 4,525
Honduras 22 128 1,867* 9 19 1,167* 18 164 1,520*
Malawi 14 –† 4,113 10 –† 3,247 16 –† 4,546
Uganda 23 180 4,040 21 29 3,835 26 231 4,535
Average 19 195 3,601 15 36 3,266 19 224 3,782
PSUs = primary sampling units.
* Does not include training costs (e.g., facility rental, refreshments, transport of attendees to training site, and photocopies).
†Data not available.

FIGURE 1. Survey team members’ responses to the qualitative questionnaire assessing the feasibility of each survey method; responses are
summarized across all four countries. This figure appears in color at www.ajtmh.org.
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team members scoring the first approach (PSS) as the most
difficult and the last approach (EPI) as the least difficult. For
the field teams, the practical difference between the sam-
pling methods relates mainly to the selection of the starting
household within each PSU, the most time-consuming step.
When asked to rank the difficulty of selecting the starting
house, all three methods received scores ranging from “very
easy” to “difficult,” with the PSS approach receiving the only
“very difficult” score.
Although important, feasibility alone is not sufficient for

identifying an optimal sampling method. The statistical qual-
ities of the survey designmerit careful consideration to ensure
that the survey results are sufficiently accurate for program
decision-making. The potential bias inherent in the EPI ap-
proach, whereby households have different but undefinable
probabilities of selection, cannot be corrected for in the
analysis. It is worth noting that because of this potential for
bias, the EPI recently abandoned its classic 30 × 7 cluster
methodology (the approach on which the “EPI” method de-
scribed in this article is based) in favor of a more robust
sampling method using segmentation.32

Stratified survey with lot quality assurance sampling can, in
principle, result in an unbiased estimate of district coverageby
combining results across the SAs, as long as every person in
the survey sample has a known probability of selection. This
could be achieved by recording the number of members in
each selected household, randomly selecting one and then
weighting that member’s response by the inverse of their se-
lection probability. However, for the SA-level classifications to
be valid, every individual must have an equal probability of
selection. Selection probabilities would be equal if all mem-
bers of a household were selected for the sample, as opposed
to randomly selecting one person per household as was done
in this study. Sampling 19 households, as opposed to 19 in-
dividuals, would constitute a “cluster LQAS” sampling de-
sign.33 Although this design may be worth considering for
future surveys, it was deemed impractical in this instance
because the need to account for clustering in the analysis
would make it hard to interpret the LQAS decision rules. As a
consequence of selecting only one individual per household,
individuals living in larger households had a lower probability
of selection than those living in households with fewer resi-
dents. These unequal selection probabilities become a bias
concern if household size is associated with MDA coverage.
It is also important to point out that the sample size used in

this study for the S-LQAS design resulted in significantly less
precision than the other two methods (±10%, as opposed to
±5% for EPI and PSS); achieving comparable precision with
the S-LQAS approach would require visiting 384 different
PSUs. An important benefit of the S-LQAS design is the ability
to classify coverage within an SA as above or below the target
threshold within each survey area. Although insightful, be-
causeMDA decisions are oftenmade on at a district level, this
SA information did not change programmatic conclusions.
Of the three sampling methods compared here, only the

PSSmethod results in a probability sample and is the favored
approach for conducting CESs. In addition to the benefits of
unbiased sampling, because the PSS results in an equal-
probability sample, the point estimate can be interpreted
directly, without the need for weighting or statistical adjust-
ments, a nontrivial advantage for country teams that often
have limited access to statistical software. Although this

method requires survey teams to segment each selected
PSU, when asked to rank the difficulty of this task, most team
members found segmentation “easy” to perform. Segmenta-
tion became increasingly difficult for the survey teams inmore
populous PSUs, which require dividing the PSU into a greater
number of segments. Oneway to avoid this challenge is to use
EAs as PSUs instead of villages. Enumeration areas have
several advantages over villages as PSUs: they are jointly
exhaustive and mutually exclusive (every household falls in
one and only one EA); they are relatively consistent in pop-
ulation size and generally have smaller populations than other
units that have been used as PSUs; and they perform well in
both urban and rural settings, and EA maps, often available
nowwithGPS-definedborders, are typically available from the
census office as well as spreadsheets with EA size in house-
holds at the time of the last census. Some country programs
have reported difficulty in obtaining these documents from the
census office; thismay occur less frequently if the national EPI
program, which has adopted a similar survey methodology,
joins the NTD program in requesting them. Because the fea-
sibility of the PSS approach is comparable to that of the other
twomethods considered here, its statistical advantagesmake
it the preferred approach for conducting CESs.
Although the PSS approach may be the favoredmethod for

CESs, it is important to note that even with some sampling
biases, all three sampling methods provided useful in-
formation back to the programs. Not only did the surveys
provide information on whether target thresholds were being
met and if the routine coverage reporting systemwas working
well but because they were supplemented with additional
questions regarding knowledge, attitudes and practices, they
also provided more detailed information that enabled the
programs to diagnose where implementation challenges lie.
For example, in Burkina Faso, the team learned that most
survey respondents heard about theMDA froma towncrier, as
opposed to radio spots or posters. InMalawi, the team learned
thatMDA refusalswere very rare and thatmost instancesof no
treatmentweredue to individuals beingaway fromhomeat the
time ofMDA. The results fromUganda enabled the program to
identify a critical but previously undetected problem with the
supply chain system that resulted in too few drugs being al-
located to the district. The challenges with the supply chain
also explain the exceedingly high DEFF observed in Uganda
(Table 3),where coverageat thePSU level rangeddramatically
from 0% to 100%. Finally, in Honduras, the survey results
helped the national program to identify an issue of poor
compliance due to unprogrammed deworming (i.e., many
parents were deworming their children outside of the health
campaign and consequently declining the deworming de-
livered throughMDA). This information generated fromeachof
the surveys demonstrates the benefit of conducting a CES,
regardless of the survey methodology.
A challenge and potential limitation of any CES is the ac-

curacy of self-reporting. There is a dearth of literature recall
reliability for NTDs,whereas the literature for caregiver recall in
childhood vaccination surveys suggests that the figures can
vary quite widely.34 Recall reliability is of particular concern
for integrated surveys, in which respondents are asked to
differentially recall their ingestion of two or more drugs, or two
or more interventions, potentially given at separate time
points. Integrated surveys have the potential to conserve re-
sources, minimize community interruption, and maximize the
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information gained. Whether for a single or integrated cover-
age survey, a best practice is to implement the CES as soon
after the MDA as possible. Indeed, Budge et al.6 found that
participant recall for triple drugMDA (albendazole, ivermectin,
and praziquantel) was most accurate 1 month after MDA, but
still relatively high 12 months post-MDA. When asking re-
spondents to recall their participation in two or more cam-
paigns, it is important that the survey teams are well trained in
tactics that can help jog participants’ memories, such as
showing examples of the different drugs, bringing adose pole,
and describing what the campaign team would have been
wearing. The results presented here from Uganda suggest
that participants differentially recalled their ingestion of
albendazole and ivermectin, compared with azithromycin and
praziquantel, which were given during two separate MDAs.
These differential recall results were replicated across all three
survey designs; because the three surveys took place in the
same Ugandan district, this is good evidence of internal
validity.
In 2016, on viewing the preliminary results from this study,

the WHO Strategic and Technical Advisory Group for NTDs
recommended that national NTD programs “implement CESs
using PSS.”35 Since the release of this recommendation,
several tools have been created to assist NTD programs in the
design, implementation, and analysis of CES using PSS. An
Excel-based CES Sample Builder tool helps programs de-
termine the appropriate sample size, select the PSU, and
identify the number of segments required in each PSU; a
manual and training materials describing how to conduct
CESs have been created; and to assist in the analysis and
interpretation of the CES results, a Web-based Coverage
Survey Analysis tool was developed.36,37 More recently, a job
aid was created by a team of experts, in consultation with the
WHO, to help guide NTD programs in deciding when, where,
and why to use CESs in the context of ongoing MDAs.38

Coverage evaluation surveys are an essential tool in the
monitoring and evaluation framework of NTD programs. The
WHO has helped remove a barrier to the uptake of unbiased,
statistically valid coverage evaluations by recommending a
single, standardized method and providing resources and
assistance to implementers. This study demonstrates that the
PSS approach is feasible to implement, can be applied in a
variety of country settings where the target population is
spread out throughout the survey area, and a sampling frame
existswith geographic units that can be used as PSUs and are
accompanied by at least approximate estimates of total
population or total households as a measure of size. Fur-
thermore, the experience from Uganda and Honduras sug-
gests thatCESs canbeused to conduct integratedmonitoring
across NTDs and other public health programs. By adopting
the same sampling methodology as the immunization pro-
gram, one can expect the familiarity with the PSSmethod and
the number of survey teams trained in it to increase over time.
The year 2020 is a pivotal year, withmany programmilestones
being reevaluated and an increasing number ofNTDprograms
performing at scale, CESswill remain an indispensable tool for
monitoring the progress toward control and elimination goals
and improving program effectiveness.
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