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Drug Coverage Surveys for Neglected Tropical Diseases: 10 Years of Field Experience
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Abstract. Mass drug administration is one of the public health strategies recommended by the World Health Organi
zation for the control and elimination of seven neglected tropical diseases (NTDs). Because adequate coverage is vital to
achieve program goals, periodically conducting surveys to validate reported coverage to guide NTD programs is
recommended. Over the past decade, the Centers for Disease Control and Prevention (CDC) and collaborators con
ducted more than 30 two stage cluster household surveys across three continents. The questionnaires gathered coverage
data and information relevant to improving NTD programs including NTD related attitudes and practices. From the
37 coverage survey estimates obtained in those surveys, 73.3% indicated an over reporting of coverage, including all three
that assessed school based distributions. It took an average of 1 week to conduct a survey. Our experiences led us to
conclude that coverage surveys are useful and feasible tools to ensure NTD elimination and control goals are reached.

INTRODUCTION

Neglected tropical diseases (NTDs) impose profound health
and socio economic burdens, including impaired childhood
growth and development, hindered economic prosperity, and
risk of life long morbidity, on the world’s poorest popu
lations.1–3 Seven of the NTDs lymphatic filariasis, onchocer
ciasis, schistosomiasis, trachoma, and soil transmitted helminthi
asis (ascariasis, trichuriasis, and hookworm infection) not only
have extensive geographic overlap but also share mass drug
administration (MDA) as the main public health intervention
for their control and elimination, as recommended by the
World Health Organization (WHO).4 The regular distribution
of single dose chemotherapy to an entire at risk population is
founded on the idea that successive, adequate coverage MDAs
will reduce the prevalence of infection that can lead in some
cases to elimination. This means that achieving and maintaining
adequate drug coverage during MDAs, is paramount to the
success of NTD control and elimination programs. Low cover
age may necessitate additional MDAs or if unnoticed, may lead
to premature impact evaluations.
Drug coverage is defined as the proportion of individuals

who have ingested a drug or combination of drugs.5 Most
programs rely exclusively on reported drug coverage, calcu
lated based on the number of doses distributed as recorded in
drug registers during the MDA or school based distribution.
The denominator is the estimated target population, based on
official census data with accounting for annual growth rates,
or on a census conducted by health workers in preparation for
drug distribution. Depending on the disease targeted by the
MDA and the disease prevalence, the target population con
sists of the whole population or a specific age eligible popula
tion such as school aged children (SAC).4

Drug coverage can also be determined through drug cov
erage surveys. Surveyed drug coverage is calculated by
dividing the total number of individuals reporting to have
taken the drug(s) by the total number of individuals resid
ing in the surveyed households during the MDA. Although
the main purpose of drug coverage surveys is to validate
reported drug coverage, these surveys also provide an oppor
tunity to assess other questions of interest, such as sex and

age specific coverage, drug adverse events, reasons for non
compliance as well as to collect information about MDA
delivery and health education strategies.
Although coverage surveys are recommended by the

WHO as a necessary means of program monitoring and are
recommended by drug donation programs, they often fail
to be implemented because it is perceived that the cost is
prohibitively high in settings with constrained financial and
human resources.5 This assumption is reinforced by miscon
ceptions that coverage surveys must be conducted annually
in each district and that the collected information is not
reliable. In this work, we aim to share our experiences over
the past decade performing drug coverage surveys across
three continents.

METHODS

All the surveys described in this work were implemented
by the Ministry of Health (MoH) and partners with technical
assistance from the Centers for Disease Control and Preven
tion (CDC).
Selection of survey area. We conducted all coverage sur

veys at the MDA implementation unit (IU) level, commonly
a district. Exceptionally, in cases where the districts were
small, several districts were combined. Because surveys are
not meant to provide an annual assessment of drug coverage
in each IU, only one or more IUs were selected in each
country for the coverage survey. The district selection was
made in collaboration with the MoH and implementing part
ners based on reasonable or high reported drug coverage,
missing target population data, and assumed representative
ness of the district. If the reported drug coverage is low, we
recommend conducting supervision visits or a focus group
so that the reasons for the low coverage can be identified
and immediately corrected. Because the survey is meant to
assist program managers in evaluating if their program needs
improvement, it is important to conduct the coverage survey
at the beginning of the program implementation, either after
the first or second MDA round. To ensure that recall bias is
minimal, we conducted the coverage survey as soon after an
MDA as possible.
Sampling frame. We used the protocol described by the

Global Program to Eliminate Lymphatic Filariasis (GPELF),
which is based on theWHOExpanded Program on Immunization
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(EPI) survey methodology.6,7 We elaborated some of the
details concerning household selection and expanded the
questionnaire to evaluate integrated MDAs and to collect
information about drug adverse events, reasons for non
compliance as well as to collect information about MDA deliv
ery, health education strategies, and other topics important
for the specific NTD program, such as the availability of water
and sanitation.
Selection of villages. Thirty clusters were systematically

selected within the study area with probability proportional
to the estimated population size. The first step was to create a
list of all the primary sampling units (PSU), typically villages
or neighborhoods. It is important that this list is mutually
exclusive and exhaustive, to ensure that all villages have the
opportunity to be selected. The next step was to add the
population figure for each PSU. Population figures were
gathered as much as possible from a single source, such as
census data or another reliable source, even if these data
were outdated or estimated. If population data could not be
obtained for some villages, figures were estimated by asking
local authorities to compare their population to villages with
known population figures.
Sampling units were then selected with probability propor

tional to the size of its population. This is done by establishing
a sampling interval, based on the total population of the sur
vey area divided by the number of clusters. The random start
point or initial cluster is chosen by selecting a random number
between zero and the sampling interval, after which the sam
pling interval is added until the total number of desired clus
ters is selected.
Selection of houses. Within each of the selected clusters,

10 houses or compounds were selected using a “modified
random walk” method (Figure 1).8 Initially, a central loca
tion within the cluster was identified (i.e., a central crossroad
near the village leader’s home) from which a random direc
tion was selected by spinning a bottle. If the direction indi
cated by the bottle spin did not correspond with a road
or path, the bottle was turned clockwise until a road was
encountered, indicating the direction of travel. The survey
team followed the routes that most closely aligned with the
indicated direction until they reached the village boundary,
while simultaneously enumerating all houses lining both sides
of the routes. Survey teams often used the sun’s position as
a guide to follow the directional line to the village boundary.
Uninhabited houses, public buildings, or businesses that did
not also serve as residences were not included in the enumer
ation. A random number, between one and the total number
of houses counted along the directional line, was selected
usually by selecting a random number from the serial number
of a bank note. This number corresponded to the first house
hold to be interviewed. To identify the second household, the
surveyors returned to the road, continued away from the
center of the cluster, and turned left any time they encoun
tered a path or road. Any time a house was encountered on
the left side of the road, this house was selected. Sampling
continued in this manner until 10 houses were visited. If none
of the household members were present at the time of the
initial visit, the team returned once to attempt to survey the
household before leaving the village. If the house was still
empty, the house was marked as absent, but was not replaced.
In case too many houses were missed, an additional survey
was planned.

Selection of persons. At the house or compound, the inter
viewers explained the purpose of the survey and obtained
verbal consent from the head of the household or another
adult household member. The survey team first performed a

Figure 1. Improved random walk method. Step 1: Spin a bottle in
the village center to determine the direction of travel. Count all houses
following a straight line until the village boundary. *In this example,
12 houses are counted. Step 2: Randomly choose a number between 1
and the total number of houses counted. This number corresponds to
the first house to be surveyed. *In this example, the random number is
3, so the 3rd house is the first house to survey. Step 3: Select the
subsequent houses by continuing away from the village center. Include
all houses on the left side of the road. Turn left each time a road is
encountered on the left. Continue until 10 houses are surveyed.
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household census identifying all persons living in the house
hold during the MDA. For the coverage survey, all household
members were asked to respond to the survey questions,
regardless of his/her MDA eligibility; a proxy household mem
ber was eligible to respond for household members who were
either absent or unable to respond (i.e., small children). In
most surveys, it was noted if a proxy provided the answer. In
the case of evaluating a MDA for SAC, only household mem
bers that fell within this age category were included in the
survey. If there was an additional questionnaire, either a ran
domly selected adult household member or the head of house
hold was asked to respond to these questions, depending on
the questionnaire.
Questionnaire. The coverage questionnaires used closed

ended questions to collect sex, age, and drug coverage vari
ables for each individual living in the household at the time
of the MDA. In some cases, school attendance and whether
or not the person answered for him/herself were also added.
A template drug coverage survey questionnaire was adapted
in collaboration with the MoH during the survey planning
stage to ensure it was appropriate for local conditions and to
account for each country’s individual program needs. The
questionnaire varied based on 1) MDA drug package(s); 2)
specific target groups (i.e., SAC); and 3) local languages and
cultural conditions.
In most surveys, an additional questionnaire was included

containing structured, open and closed ended questions about
NTD knowledge, attitudes, and practices (KAP), adverse
events following drug ingestion, MDA awareness and/or feed
back, issues of compliance, morbidity prevalence or availabil
ity of safe water and sanitation. These questions were added
to furnish NTD program managers with additional informa
tion relevant to improving drug coverage or improving public
health programs in general.

LOGISTICS

Survey team. To ensure that a coverage survey is an inde
pendent assessment of coverage, the MoH was asked to select
interviewers, often health workers or students, who were not
involved in the MDA implementation. Generally, we used
three or four teams composed of two surveyors each. Sur
veyors were not required to have any particular survey skills
before training, however at least one team member was
required to have a basic familiarity with the survey area and
to be fluent in the local language or dialect. Preferably, the
second surveyor was from the national level and could per
form subsequent coverage surveys throughout the country. The
number of personnel devoted to a coverage survey depended
on human resource availability and a desired time frame.
Training. All surveyors and supervisors attended a training

organized by the MoH and CDC. Topics addressed included
the purpose of the survey, sampling methodology, ethical
considerations, and questionnaire administration. Depending
on the complexity of the survey tool, surveyors completed a
2 or 3 day training course, consisting of classroom training
and roleplay as well as a practical field exercise to ensure
that the interviewers adequately understood the sampling
methodology and administered the questionnaire in a stan
dardized fashion. On the basis of comments from the survey
team, the questionnaire was adapted during the training.

DATA MANAGEMENT AND
STATISTICAL ANALYSIS

Data entry and management were carried out using Epi
Info (CDC, Atlanta, GA) and data analysis were performed
using SAS v9.2 (SAS Institute Inc., Cary, NC) or SUDAAN
10.0.1 (RTI International Research Triangle Park, NC). Drug
coverage for each drug or drug package was defined as the
proportion of surveyed individuals who reported ingesting
the drug during the MDA campaign. Point estimates and
confidence intervals (CIs), with accounting for the clustering
design, were calculated using SUDAAN’s cluster survey pro
gram or the PROC SURVEY commands in SAS. Various
strata were often created to assess sex or age specific cover
age. Because of the survey design, the probability of selection
was assumed to be approximately equal across clusters and
the sample was for that reason assumed to be approximately
self weighting and thus no weighting variables were needed.
For the additional questionnaire, a univariate analysis was

conducted and odds ratios were calculated for risk factors
associated with drug compliance.

ETHICAL CONSIDERATIONS

All the survey protocols were reviewed by the ethical com
mittee from CDC and the respective MoH and were deemed
by all to be a program evaluation activity. Before administer
ing the questionnaire, verbal consent was obtained from the
head of the household or another adult household member.
As well, individual members of the household had the right to
refuse to answer the survey questions or have questions
answered on their behalf.

RESULTS

Over the past decade, we have collaborated on 32 drug
coverage surveys providing 37 drug coverage estimates. Sur
veys were carried out in eight countries throughout the
Americas, Africa, and Asia (Figure 2). Table 1 summarizes
the study findings for these surveys, including survey area,
target disease(s), reported coverage, surveyed coverage, and
other indicators evaluated. (Data on “other indicators” are
not presented here.)
Eight of the 32 survey estimates for which we had compa

rable reported coverage results provided by the NTD pro
gram (25%) fell in the 95% CI of the surveyed coverage,
thus validating the reported coverage. In 23 cases (71%) the
surveys indicated that the reported coverage over reported
the MDA coverage. Only in one survey (3%) the reported
coverage estimate was lower than the surveyed estimate. In
several settings in Haiti the reported coverage exceeded
100% (Saut d’eau, 2003; Characol, 2003; Grand Riviere du
Nord, 2009; Saint Louis du Nord, 2009; and Saint Marc,
2009), however this was not supported by the coverage
survey. Our findings show that in the case of school distribu
tion (Cambodia, Bangladesh, and Cameroon Praziquantel),
there was an important discrepancy between reported and
surveyed coverage.
In all but two surveys, we were able to use census data for

the proportional to the estimated population size sampling.
In Haiti 2004, village population lists were compiled with
information from local key informants and in Haiti 2009
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surveys, villages were selected randomly and results were
weighted. In several surveys, one or more selected clusters were
inaccessible for various reasons (Nigeria 2003, Bangladesh
2009, Cameroon 2011), but clusters were never replaced. The
number of individuals surveyed in the drug coverage survey
ranged from 637 and 2,921 and the refusal rate in all surveys
was < 0.2%. The gender ratio (female/male) was between 0.96
and 1.17.
Several surveys assessed drug coverage over successive

MDAs. In addition, MDA delivery was assessed by asking
feedback regarding the organization of MDAs in settings, such
as Haiti, where distribution posts were used to distribute the
drugs. The health education campaigns were evaluated by
questions addressing MDA awareness and KAP surround
ing NTDs. In most surveys, information about drug adverse
events and reasons for MDA non compliance were asked. To
evaluate other aspects of the program, questions were added
on water and sanitation, insecticide treated bed nets owner
ship and morbidity prevalence.
Most of the surveys took less than a week of field work with

each team typically completing two clusters each day. The
total time frame for completing a coverage survey depended
on number of survey teams, proximity of adjacent clusters, as
well as mode and ease of transportation. The cost depended
on the availability of cars, distance from the capital, and rates
of per diem but was in most cases around $5000.

DISCUSSION

As programs for the control and elimination of neglected
tropical diseases scale up, the role of monitoring and eval
uation of NTD programs is becoming increasingly important.
The two main indicators for NTD control and elimination pro
grams are drug coverage as a performance indicator for pro
gram implementation and disease prevalence as an impact
indicator. The success of MDA to disrupt the transmission of
NTDs and consequently reach the elimination and control
goals is dependent on achieving adequate drug coverage. To
assess drug coverage, there is a need for a survey tool that
requires minimum financial and human resources but that can

independently evaluate the quality of reported coverage
data. The importance of this was demonstrated by the fact
that 74% of the survey estimates indicated that reported
coverage was overestimated. Because the drug coverage
survey used the MDA implementation unit as the survey
area, the results can assist program managers to address the
inaccurate coverage reports in the survey area and potentially
other districts. Especially in settings with low school attendance
levels, population based surveys are particularly important for
programs that target SAC through school based interventions.
Our findings show that in the case of school distribution
(Cambodia, Bangladesh), there was an important discrepancy
between reported and surveyed coverage. Drug coverage sur
veys also provide NTD program managers with additional
pertinent information such as reasons for non compliance, drug
adverse events, feedback on MDA delivery strategies, and eval
uation of health education messaging.
For the previously stated reasons, we are convinced that

the financial and human resources needed to conduct these
surveys are a worthwhile investment. Additionally, coverage
surveys may be cost saving if the results lead to improved MDA
delivery strategies and better targeting of non compliant
groups, and therefore reduce the number of treatment rounds
required to interrupt transmission. It is also important to note
that coverage surveys do not need to be performed in every IU
after every MDA round and have been demonstrated to be
easily integrated with other variables of interest or even other
public health programs.
The coverage survey protocol recommended by the GPELF

to assess drug coverage is adapted from the WHO EPI survey
methodology.6,7 This protocol was originally developed to pro
vide vaccination coverage estimates, but this survey methodol
ogy has been widely adopted and adapted by public health
programs.14,15 We further adapted the coverage survey proto
col to improve the original EPI method while maintaining a
balance of feasibility and epidemiologic rigor. This included
using low tech data sampling techniques (i.e., modified ran
dom walk) and data management solutions (i.e., paper surveys
and open source data management software) to ensure that
our methods could be easily and independently conducted by

Figure 2. Map of surveyed countries.
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Table 1

Overview of the drug coverage surveys: 2000 2011*
Country, years Targeted disease Reported coverage Surveyed coverage Other variables

Haiti 2000†9 Lymphatic filariasis 98.7% 71.3% (66.7 75.9%) LF KAP, reasons for non compliance,
drug adverse events,
morbidity prevalence

Haiti 2002‡ Lymphatic filariasis 86.6% 78.5% (74.4 82.6) LF KAP, participation in previous MDAs,
reasons for non compliance,
drug adverse events

Haiti 2003
Verretes Lymphatic filariasis

Soil transmitted
helminthiasis

97.5% 66.6% (57.1 76.0%) LF KAP, reasons for non compliance,
drug adverse events,
morbidity prevalence

Saut d’eau 102.7% 89.5% (86.6 92.3%)
Port de Paix 83.7% 75.3% (69.0 81.6%)
Milot (4 communes) 79.1% 80.5% (75.7 85.2%)
Characol 159.7% 87.6% (83.6 91.6%)

Nigeria 200310

Nasarawa and
Plateau State

Lymphatic filariasis,
Onchocerciasis

84.6% 62.7% (51.6 73.8%) LF KAP, MDA feedback, morbidity prevalence,
reason for non compliance,
school attendanceNasarawa and

Plateau State
Lymphatic filariasis 74.3% 71.6% (65.1 78.2%)

Haiti 2004§
Cap Haitian Lymphatic filariasis 63.0% 62.7% ( )‡ LF KAP, MDA feedback, reasons for non

compliance, drug adverse eventsCroix des Bouquets 50.0% 55.0% ( )‡
Togo 200411

Amou Lymphatic filariasis 81.4% 73.3% (61.8 84.8%) Detailed morbidity prevalence
Kozah, Binah,

Doufelgou
86.8% 77.0% (67.0 87.0%)

Kpendjal, Tone 81.5% 81.0% (77.1 84.8%)
Nigeria 200512 Lymphatic filariasis

Onchocerciasis, Malaria
¶ 68.0% (64.0 72.0%) ITN ownership, ITN usage

Togo 2007 Lymphatic filariasis,
Onchocerciasis,
Soil transmitted
helminthiasis

84.0% 82.1% (76.0 88.0%) LF KAP, reasons for non compliance,
drug adverse events, provision of
water and sanitation, ITN ownership,
general questions

Schistosomiasis 91% (89.0% 93.0%)
(5 15 yrs)

94% (92.0% 96.0%)
(whole population)

Bangladesh 2009
Munshigani Soil transmitted

helminthiasis
70.7% 54.3% (44.8 63.8%) STH KAP, school enrollment, water,

sanitation and hygiene, MDA knowledge,Lakshmipur 97.4% 68.3% (60.1 76.4%)
Cambodia 200913 Soil transmitted

helminthiasis
97.8% 80.9% (69.1 92.6%) STH KAP, school enrollment, water,

sanitation and hygiene, MDA knowledge,
deworming intake in other settings

Haiti 2009k
Acul du Nord/

Bas Limbe
Lymphatic filariasis

Soil transmitted
helminthiasis

96.0% 69.0% (62.0 77.0%) NTD KAP, ITN coverage, morbidity prevalence,
MDA feedback and cost, reasons for non
compliance, drug adverse eventsLimbe 94.0% 89.0% (89.0 90.0%)

Grand Riviere du Nord 171.0% 77.0% (70.0 84.0%)
Croix des bouquets 90.0% 47.0% (42.0 50.0%)
Cabaret 92.0% 63.0% (50.0 70.0%)
Saint Louis du Nord 103.0% 77.0% (69.0 85.0%)
Bassin Bleu 70.0% 76.0% (71.0 81.0%)
Gros Morne 90.0% 77.0% (71.0 82.0%)
Petite Riviere

de l’Artibonite
97.0% 77.0% (70.0 84.0%)

Saint Marc 112.2% 78.0% (70.0 85.0%)
Malawi 2010** Lymphatic filariasis 80.0% 66.8% (60.3 73.4%) Coverage during 2 consecutive years,

reasons for non compliance
Mali 2011** Lymphatic filariasis, 87.0% 62.0% (53.9 70.1%)

Schistosomiasis 90.0% 57.2% (49.1 65.4%)
Cameroon 2011 Lymphatic filariasis, 80.3% 76.9% (72.0 81.9%) NTD KAP, morbidity prevalence,

MDA feedback, reasons for
non compliance, drug adverse events

Trachoma, 93.0% 86.8% (80.9 92.7%)
Schistosomiasis 39.8% (30.7 49.1%)

*NTD neglected tropical diseases; MDA mass drug administration; KAP knowledge, attitudes, and practice; ITN insecticide-treated nets.
† Selection of the households was done by segmenting.
‡Clusters were randomly selected around 40 distribution posts (Direny unpublished data).
§A KAP survey was administered to one household resident > 14 years of age. Reported coverage is based on the total population, whereas surveyed coverage is based on adults > 14 years of age.
¶Coverage data was collected at the sub-district level. Reported coverage was not available at this level.
kVillages were selected by random sampling, results were weighted (Philius unpublished data).
**Woodhall unpublished data.
−Data unknown.

220 WORRELL AND MATHIEU



local personnel with limited resources. Although we often used
SAS or SUDAAN as our data analysis software package, cov
erage calculations can be performed using open source analysis
software such as Epi Info. Additionally, both the Malawian
and Haitian MoH subsequently implemented the protocol
without external technical assistance, demonstrating the feasi
bility of performing those coverage surveys.
Although these surveys have been widely implemented for

the past several decades, they also face several important chal
lenges. As previously mentioned, there are several drawbacks
of the sampling methodology, mainly concerning the repre
sentativeness of sample caused by the use of non probability
sampling when selecting households to be included.7,14 Com
pact segment sampling, PSU level census, or census maps
provide a cleaner alternative to the random walk method by
allowing for the selection of a probability sample of house
holds.14 Although we promote the use of probability sam
pling methods for second stage sampling in areas with sufficient
resources and skills required to undertake such a sampling
frame, we would preclude the use of such surveys in the
resource constrained settings where most of the MDAs are
ongoing. Therefore, our surveys applied a “modified random
walk” method to preserve the low cost and relatively simplicity
of the EPI method, but also showed epidemiologic improve
ment when compared with the “next nearest household ran
dom walk method.”7 For the purpose of validating reported
coverage and detecting gross programmatic inadequacies,
lower levels of precision and unknown probabilities of selec
tion associated with non probability sampling methods such
as the “modified random walk” are tolerable. Additionally,
evidence suggests that the EPI random walk method can give
accurate and precise results.15 Notably, simulations comparing
non probability sampling frames with a simple random sam
pling frame have shown that non probability schemes, such
as “5th nearest household” and “quadrant sampling,” can
perform approximately as well as probability sampling.16

Additionally, seeing as adequate coverage thresholds are
not precisely determined, we would argue that rigorous sur
vey methodologies demanding a lot of financial and human
resources determine drug coverage are not justified from a
programmatic standpoint.
Critics of the original EPI cluster design suggest that the

EPI method violates the assumption of negligible non
response in the study population, and introduces participant
bias through replacement of non respondent households.14

Our survey design selects households from within the PSU
with non replacement, to avoid introducing participant bias
by replacing non respondent households. Additionally, same
day call backs were conducted to decrease the likelihood of
household non response. Further, follow up surveys were
planned in the event of non negligible non respondent house
holds, to assess participation bias; however, these were not
necessary because of high levels of participation for each of
the surveys.
Another concern raised about relying on surveys to assess

coverage, is the ability of participants to recall drug consump
tion and respond correctly to the survey questions. However,
a 2009 study examining recall bias in Togo concluded that
more than 80% of respondents were able to accurately recall
whether they had taken three different medications up to
1 year after an integrated MDA campaign (Budge, unpub
lished data). Because drug distribution days are rare and

memorable events, recall bias does not contribute consider
ably and answers from participants are reliable.
Overall, in our experience, coverage surveys are a feasible

and vital component of a comprehensive NTD program mon
itoring and evaluation system. By using surveyed coverage
estimates in conjunction with reported coverage, NTD man
agers can better determine the true population coverage and
take appropriate action to maintain or improve not only
MDA coverage but NTD programs in general. Coverage
survey benefits are multifaceted such that they can provide
program oversight, assess program deficiencies, and ensure
timely remedial action.
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