WORLD HEALTH ORGANIZATION
STRATEGIC AND TECHNICAL ADVISORY GROUP
FOR NEGLECTED TROPICAL DISEASES

WORKING GROUP ON MONITORING AND EVALUATION

DESIGN PARAMETERS FOR POPULATION-BASED
TRACHOMA PREVALENCE SURVEYS

J) V, World Health
®)Y Organization

LLL<<‘\






Design parameters for population-based
trachoma prevalence surveys

Strategic and Technical Advisory Group for Neglected Tropical Diseases
Working Group on Monitoring and Evaluation

XY World Health
)Y Organization



WHO/HTM/NTD/PCT/2018.07

© World Health Organization 2018

Some rights reserved. This work is available under the Creative Commons Attribution-NonCommercial-
ShareAlike 3.0 IGO licence (CC BY-NC-SA 3.0 IGO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo).

Under the terms of this licence, you may copy, redistribute and adapt the work for non-commercial purposes,
provided the work is appropriately cited, as indicated below. In any use of this work, there should be no
suggestion that WHO endorses any specific organization, products or services. The use of the WHO logo is not
permitted. If you adapt the work, then you must license your work under the same or equivalent Creative
Commons licence. If you create a translation of this work, you should add the following disclaimer along with
the suggested citation: “This translation was not created by the World Health Organization (WHO). WHO is not
responsible for the content or accuracy of this translation. The original English edition shall be the binding and
authentic edition”.

Any mediation relating to disputes arising under the licence shall be conducted in accordance with the
mediation rules of the World Intellectual Property Organization.

Suggested citation.Design parameters for population-based trachoma prevalence surveys. Geneva: World
Health Organization; 2018. (WHO/HTM/NTD/PCT/2018.07) Licence: CC BY-NC-SA 3.0 IGO.

Cataloguing-in-Publication (CIP) data. CIP data are available at http://apps.who.int/iris.

Sales, rights and licensing. To purchase WHO publications, see http://apps.who.int/bookorders. To submit
requests for commercial use and queries on rights and licensing, see http://www.who.int/about/licensing.

Third-party materials. If you wish to reuse material from this work that is attributed to a third party, such as
tables, figures or images, it is your responsibility to determine whether permission is needed for that reuse
and to obtain permission from the copyright holder. The risk of claims resulting from infringement of any third-
party-owned component in the work rests solely with the user.

General disclaimers. The designations employed and the presentation of the material in this publication do
not imply the expression of any opinion whatsoever on the part of WHO concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.
Dotted and dashed lines on maps represent approximate border lines for which there may not yet be full
agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are
endorsed or recommended by WHO in preference to others of a similar nature that are not mentioned. Errors
and omissions excepted, the names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by WHO to verify the information contained in this publication.
However, the published material is being distributed without warranty of any kind, either expressed or implied.
The responsibility for the interpretation and use of the material lies with the reader. In no event shall WHO be
liable for damages arising from its use.


https://creativecommons.org/licenses/by-nc-sa/3.0/igo
http://apps.who.int/iris/
http://apps.who.int/bookorders
http://www.who.int/about/licensing

W 0 N o U B W NP

Contents

ACKNOWIEAZEMENTS. ..ottt e e e e e e e e e e e e sebbbbaeeeeeeessesnstaeseeeeeseens iv
JAY o YoYU} d o1 E3e [ Y1 g 41T o | PSR iv
BACKEIOUNG .ottt e e e e s e e e e e e se bbb aa e e e e eessesaababaneeeeeessenssrrnnens 1
13 o o £y S 1
General approaches to trachoma prevalence SUrVeYS ........cocccveeeeeciiee e e 2
Sample size required to reliably estimate active trachoma prevalence .........ccccceeuvvvvennnenn. 2
Sample size required to reliably estimate trachomatous trichiasis prevalence.................... 3
Sample approach and field MethodologY........coccvrieiiiiiiiiiie e 4
(=] o I =T o g I =Y 01T = PSPPI 5
D) = I e =T g T T =T 0 4 T=T | AP 5
160] 1010 1= o | SO PR 6
SN 1T =T o (ol =T UUPR 7



Acknowledgements

This document was prepared by Anthony W. Solomon, Colin K. Macleod, Rebecca M. Flueckiger,
Tawfik Al-Khatib, Hoda Y. Atta, Robin L. Bailey, Ana Bakhtiari, Mathieu Bangert, Paul Courtright,
Michael Dejene, Philip Downs, Emma M. Harding-Esch, Richard Hayes, Mohamed Jamsheed, John
Kaldor, Biruck Kebede, Thomas M. Lietman, David C. W. Mabey, Caleb Mpyet, Beatriz Muiioz, Nebiyu
Negussu, Jeremiah Ngondi, Nicholas Olobio, Travis Porco, Rachel Pullan, Babar Qureshi, Maria
Rebollo, Kristen Renneker, Serge Resnikoff, Martha Saboya, Oumer Shafi, Oliver Sokana, Sheila K.
West, Rebecca Willis, Aya Yajima and Gretchen A. Stevens.

About this document

This document presents (i) the principles important to the design of trachoma prevalence surveys
conducted after interventions intended to eliminate the disease as a public health problem, and (ii)
WHO recommendations for their implementation. The intended audience is technical units of health
ministries of trachoma-endemic countries and their supporting partners.



1. Background

1.1 Trachoma results from infection with particular strains (1) of the bacterium Chlamydia
trachomatis, causing blindness in the world’s poorest people (2). In 1996, a World Health
Organization (WHO) Alliance was established to support elimination of the disease as a public health
problem® by 2020 (3). Decisions on where and how to implement the “SAFE” (surgery, antibiotics,
facial cleanliness, environmental improvement) strategy for elimination (4) and on whether or not
elimination has been achieved (5) rely on estimates of the prevalence of disease.

1.2 The gold-standard approach for estimating disease prevalence is a population-based
prevalence survey (PBPS), adequately powered for the disease of interest. In an effort to stretch
scarce resources, since 1996, various cheaper and cruder methods have been designed to assess the
burden of trachoma and the potential need for interventions against it, including trachoma rapid
assessment (6), acceptance sampling trachoma rapid assessment (7) and integrated threshold
mapping (8, 9). Each of these methods has epidemiological drawbacks accompanying its lower cost
(10-12). Robust prevalence estimates are important for programmes wishing to establish whether
mass drug administration of antibiotics should begin [at baseline survey (4)] or could be safely
discontinued [at impact survey (13)], or to determine whether the disease has recrudesced beyond
elimination thresholds after cessation of antibiotic mass drug administration [at pre-validation
surveillance survey” (13)]. PBPSs are used to generate such estimates and are usually performed
through cluster sampling.

1.3 Baseline surveys have now been mostly completed in suspected trachoma-endemic
populations worldwide using a highly standardized PBPS approach (14) consistent with
recommendations previously published by WHO (4). The current document provides WHO
recommendations, with justification, for undertaking impact and surveillance surveys. The
unprecedented recent expansion of the global trachoma programme (15, 16), which anticipates a
parallel, trailing acceleration in demand for impact and surveillance surveys, warrants urgent
dissemination of these recommendations.

2. Methods

2.1 In developing these recommendations, several resources have been employed. First, existing
WHO guidance on trachoma prevalence surveys was reviewed using electronic and manual searches
of WHO publications on trachoma located, respectively, on the WHO website and in the personal
collections of those preparing this document. Second, basic statistical principles were applied to
calculate sample size requirements for various epidemiological scenarios.

2.2 To help parameterize the sample size calculations, use was made of the survey experience
acquired from 2012 to 2016 within the Global Trachoma Mapping Project (GTMP) (14, 17-45) and
the Tropical Data service (46), which has supported national programmes to complete trachoma
prevalence surveys since the completion of the GTMP.

“Elimination as a public health problem” is hereinafter referred to as “elimination”.
2 . . . . .
“Pre-validation surveillance surveys” are hereinafter referred to as “surveillance surveys”.
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3. General approach to trachoma prevalence surveys

3.1 Since 1956 (4, 47-49), WHO has recommended the use of PBPSs (4, 47-49) to estimate the
burden of disease in trachoma-endemic populations and that the techniques used “should be as
uniform as possible” (48).

3.2 Data to determine the need or otherwise for implementation of the SAFE strategy are ideally
collected at district level (50)*. It is recommended that districts consist of population units of 100
000—-250 000 people (49). Although at baseline, population units larger than districts can be
surveyed in order to generate evidence to start a trachoma programme (49), district-level surveys
should be undertaken at the impact and surveillance survey stages (13). Because use of the term
“district” can create difficulties in contexts where it has a political history or where it is currently
employed to describe administrative divisions encompassing populations much larger or smaller
than 100 000-250 000 people, this document refers to the population unit being surveyed as an
“evaluation unit” (EU).

4, Sample size required to reliably estimate active trachoma prevalence

4.1 In impact and surveillance surveys, the most critical question to be answered is whether the
EU-level prevalence of trachomatous inflammation—follicular (TF) (51) in 1-9-year-olds is < 5%: that
is, whether the active trachoma prevalence threshold for eliminating the disease has been achieved
(5). In 2010, the 3rd Global Scientific Meeting on Trachoma concluded that this question was best
addressed by powering surveys to detect a TF prevalence of 4% with absolute precision of + 2% (49).

4.2 A recent study (52) reviewed data from 261 PBPSs conducted in Ethiopia, Malawi and
Nigeria during 2012—-2016 with GTMP support. For surveys in which the prevalence of TF in 1-9-year-
olds was shown to be 2-6%, the 75th centile of (actual individual-survey) design effects (from
smallest to biggest) was 2.63. Using this design effect and the “single population proportion for
precision” formula, without referencing the underlying population size of the EU (53), to estimate
with 95% confidence an expected TF prevalence of 4% with absolute precision of 2% would require
an estimated 970 children aged 1-9 years per survey.

4.3 The median number of 1-9-year-olds examined per first-stage cluster (m) influences the
design effect. The value of 2.63 assumes an m of approximately 30. Where m is larger, the design
effect is also larger: if m is 37, for example, meta-regression suggests a design effect of 2.71 (52).
Correction may also be made for the fact that trachoma surveys are carried out in finite populations,
using the assumption that ~25% of the population is aged 1-9 years — a valid general approximation
in many of the countries where trachoma remains a public health problem (54). Resulting sample
size estimates are shown in Table 1.

! A “district” is defined as “the normal administrative unit for health care management”.
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4.4 If, at impact survey, there is reason to believe that the TF prevalence is still well above 5%,
different calculations may be employed (Table 1). In the meta-regression of GTMP data, for surveys
in which the TF prevalence was 7-13%, the design effect was calculated to be 3.69 for an m of
approximately 30, and 3.71 for an m of approximately 37 (52). (The use of three significant digits
here implies more precision than is possible in real-world survey planning, and should be interpreted
as being illustrative rather than prescriptive.)

Table 1. Sample size calculations for estimating the prevalence of trachomatous inflammation—
follicular (TF) in different epidemiological scenarios, trachoma impact and surveillance surveys

. . Expected [TF,_o] (absolute precision)
Bt o N 112 to¢(: 74119

9 years) m®=27-33 m=34-40 m=27-33 m=34-40
DE=2.63 DE=2.71 DE=3.69 DE=3.71

250 000 (62 500) 956 984 1334 1339

100 000 (25 000) 934 962 1291 1298

50 000 (12 500) 901 926 1228 1234

25000 (6250) 840 862 1118 1123

10 000 (2500) 700 715 882 885

DE: design effect; EU: evaluation unit; [TF,_o]: prevalence of TF in 1-9-year-olds
®Median number of 1-9-year-olds expected to be examined per first-stage cluster.

5. Sample size required to reliably estimate trachomatous trichiasis
prevalence

5.1 Elimination of trachoma (5) requires an EU-level prevalence of trachomatous trichiasis
unknown to the health system® in adults aged = 15 years of < 0.2%.

5.2 Evidence-based sample sizes have recently been determined for trachomatous trichiasis-
only surveys. To estimate, with 95% confidence, an expected trachomatous trichiasis prevalence of
0.2% with absolute precision of +0.2% and a design effect of 1.47, 2818 adults aged > 15 years
should be examined (55). Simulations suggest that even if the calculated sample size of 2818 adults
is not achieved, data from 30 first-stage clusters provide acceptable precision.

5.3 In many impact and surveillance surveys primarily designed to estimate the prevalence of TF
in 1-9-year-olds, fewer than 30 first-stage clusters are enrolled and fewer than 2818 adults
examined. It is not recommended to routinely increase the number of households enrolled in order
to ensure examination of 2818 adults in each EU. Rather, the number of households required for the
survey should be determined using principles relevant to estimating the TF prevalence (see section
4); in selected households, all individuals aged > 1 year who are present in the household and who
consent to being examined should be examined. Consideration could be given to increasing the
number of first-stage clusters to 30.

! Excludes trichiasis in eyes (i) with post-surgical recurrence, (i) for which surgery has been refused, or (iii)
which are listed for surgery but have not yet received an operation, but for which a surgical date has been set.
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5.4 Further work to optimize ways to determine whether the trachomatous trichiasis prevalence
target for trachoma elimination has been reached would be helpful.

6. Sampling approach and field methodology

6.1 Where possible, it is recommended to undertake a PBPS using two-stage cluster sampling.
Generally, this involves (i) selection of villages, census enumeration areas or the local equivalent as
the first-sampling-stage clusters; and (ii) selection of households as the second-sampling-stage
clusters (4, 14).

6.2 It is recommended to recruit a fixed number of households (rather than a fixed number of
people or a fixed number of 1-9-year-olds) per first-stage cluster, the rationale being that when
minimum numbers of people must be enrolled or examined each day, field teams may resort to
convenience sampling as the day draws to a close, to ensure that their targets are met. In contrast,
when fixed numbers of households are required, this is less likely, and household selection can be
tracked using global positioning system data (14).

6.3 To maximize efficiencies, it is recommended that programmes first set the number of
households (h) to be visited per first-stage cluster as the number that one team (one grader plus one
recorder) can comfortably see in a single day of fieldwork: this will vary from one context to another
based on the difficulty of moving from one household to another in rural communities, the distances
between households and the geography of the intervening terrain. The number of first-stage clusters
needed per EU is then determined by: sample size x NRI/(h x c¢), where NRI is the non-response
inflator and c is the mean number of 1-9-year-olds per household (which is a value derived from the
most recent census data). For the NRI, national programmes may wish to draw from their
experiences in undertaking trachoma surveys, or use 1.2, the default NRI for the GTMP (14).

6.4 There should be a minimum of 20 first-stage clusters per survey (56), so if the number
calculated using the formula in paragraph 6.3 is < 20, then 20 first-stage clusters should be selected.
There should be a maximum of 30 first-stage clusters per survey.

6.5 First- and second-stage sampling should be undertaken using methods that equalize, as far
as practicable, the probability that any given individual resident aged >1 year in the EU will be
invited to participate. For first-stage sampling, a selection procedure that confers a probability of
first-stage cluster selection proportional to the cluster’s population size (4) should be used, assuming
that first-stage cluster-level populations are available; where they are not available, simple random
sampling, perhaps with geographical stratification, should be used.

6.6 For second-stage sampling, simple random sampling or systematic sampling can be used if a
list of households is available and the first-stage cluster is relatively geographically compact. If either
of these conditions is not met, compact segment sampling (57) is recommended because its use
leads to more objective household selection than commonly-used alternatives such as the random
walk (58). Compact segment sampling also allows conclusions to be drawn about the prevalence of
the disease within selected segments, which can be useful for secondary analyses of acquired data
(59).



6.7 In each selected household, a certified grader (see section 7) should examine each
consenting resident aged 21 year for the clinical signs of trichiasis, TF and trachomatous
inflammation—intense (TI) (51). When trichiasis is recorded as being present in an eye, (i) the
presence or absence of trachomatous scarring (TS) (51) should also be recorded (13, 60) and (ii) the
individual asked if a health worker has ever offered them management of the trichiasis in that eye
(61).

6.8 To align with the strategic objectives of Water, sanitation and hygiene for accelerating and
sustaining progress on neglected tropical diseases: a global strategy 2015-2020 (62), collection of
household-level data on water and sanitation is recommended (61); other data of interest may also
be recorded (63), taking advantage of the survey’s epidemiological strength.

6.9 Populations of refugees and internally-displaced persons who either come from or settle in
trachoma-endemic areas pose specific challenges for the design and implementation of surveys, but
these tasks should be approached using the same principles.

7. Field team training

7.1 Trachoma surveys rely on clinical diagnosis. Inaccurate grading is likely to lead to
inappropriate decision-making at EU-level and to unnecessarily prolong or prematurely terminate
annual mass drug administration of azithromycin. Intensive training of graders before surveys are
conducted, with standardization and certification of TF diagnosis via a formal training cascade (14), is
recommended to assure diagnostic accuracy and maximize cross-border data comparability (64).
Similar quality assurance for the data recording role is also recommended (61).

8. Data management

8.1 International systems now exist to facilitate electronic collection of data; cloud-based
storage of data; and the review, cleaning and automated analysis of data by independent data
managers (14). These systems confer benefits that include high data throughput; industry-standard
accessibility, security and redundancy of data; demonstrably objective survey outputs; and opt-in
automated linkage (after approval of data by health ministries) to processes for requesting donated
azithromycin and epidemiological reporting (64). Regardless of the methods for recording and
storing data, use of age standardization (when determining TF prevalence in 1-9-year-olds) and age-
and gender-standardization (when determining trichiasis prevalence in 2= 15-year-olds) is
recommended. However, such age- and gender-standardization should not be to a common
(international) population pyramid, but to a pyramid derived from the most recent census of the
population in question — the purpose is to partially correct for the effect of imperfect survey
enrolment, as discussed elsewhere (14, 64).



9. Comment

9.1 Guidance on implementing TT-only surveys is also available separately (55).

9.2 The current document is intended to provide health ministries and their partners with the
information needed to plan trachoma impact and surveillance surveys. Surveys following these
recommendations should provide data of sufficient quality to populate dossiers claiming elimination
of trachoma. Such dossiers could be submitted to WHO without concern that data quality might lead
to the claim of elimination not being validated (5). Funding agencies are urged to make the
necessary resources available for surveys that conform to these recommendations, in order to
ensure the continuing collection of reliable, programme-ready data for trachoma elimination.
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