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Active trachoma and community use of sanitation, Ethiopia

William E Oswald,? Aisha EP Stewart,® Michael R Kramer,c Tekola Endeshaw,d Mulat Zerihun,® Berhanu Melak ¢
Eshetu Sata,® Demelash Gessese, Tesfaye Teferi,! Zerihun Tadesse, Birhan Guadie,® Jonathan D King,
Paul M Emerson,? Elizabeth K Callahan,” Dana Flanders,c Christine L Moe® & Thomas F Clasen¢

Objective To investigate, in Amhara, Ethiopia, the association between prevalence of active trachoma among children aged 1-9 years and
community sanitation usage.

Methods Between 2011 and 2014, prevalence of trachoma and household pit latrine usage were measured in five population-based cross-
sectional surveys. Data on observed indicators of latrine use were aggregated into a measure of community sanitation usage calculated as
the proportion of households with a latrine in use. All household members were examined for clinical signs, i.e. trachomatous inflammation,
follicular and/or intense, indicative of active trachoma. Multilevel logistic regression was used to estimate prevalence odds ratios (OR) and
95% confidence intervals (Cl), adjusting for community, household and individual factors, and to evaluate modification by household
latrine use and water access.

Findings In surveyed areas, prevalence of active trachoma among children was estimated to be 29% (95% Cl: 28—30) and mean community
sanitation usage was 47% (95% Cl: 45-48). Despite significant modification (p < 0.0001), no pattern in stratified ORs was detected.
Summarizing across strata, community sanitation usage values of 60 to < 80% and > 80% were associated with lower prevalence odds of active
trachoma, compared with community sanitation usage of < 20% (OR: 0.76; 95% Cl: 0.57—1.03 and OR: 0.67; 95% Cl: 0.48-0.95, respectively).
Conclusion In Amhara, Ethiopia, a negative correlation was observed between community sanitation usage and prevalence of active
trachoma among children, highlighting the need for continued efforts to encourage higher levels of sanitation usage and to support
sustained use throughout the community, not simply at the household level.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

It has been estimated that, as a result of trachoma, approxi-
mately 1.2 million people are blind and a further 1.7 million
have low vision." Globally, trachoma remains the leading in-
fectious cause of blindness. In 2009, an estimated 40.6 million
people had active trachoma and 8.2 million had trichiasis - i.e.
the blinding stage of the disease.” About 77% of those living
in trachoma-endemic areas of the world are to be found in 29
of the countries in the World Health Organization’s (WHO’s)
African Region, and Ethiopia is the country most affected by
trachoma worldwide.” Trachoma is caused by ocular infection
with a bacterium: Chlamydia trachomatis. Inflammation at-
tributable to repeat infections during childhood constitutes
the disease’s active stage. This inflammation may then lead
to scarring of the conjunctiva and trichiasis. In trichiasis,
the eyelashes rub and damage the cornea, causing pain and,
eventually, blindness. Trachoma is predominantly found in
resource-poor, rural communities in low-income countries.*’
By afflicting some of the most deprived people in the world, it
leads to disability, dependency and further poverty.®

A pilot programme for trachoma control, begun in four
districts of the Ambhara region in north-west Ethiopia, was
scaled-up so that the programme covered the whole of Amhara
by 2007.”* This ongoing programme, based on WHO’s SAFE
strategy, was set in Amhara because this region has the highest
burden of active trachoma within Ethiopia.” The SAFE strategy
is a comprehensive WHO strategy — based on the available

relevant biological and epidemiological evidence - to treat
and prevent trachoma. It combines four measures: (i) surgery
for the correction of trichiasis; (ii) antibiotics, given in mass
drug administrations, to reduce the infection reservoir in the
community; (iii) facial cleanliness, to reduce transmission;
and (iv) environmental improvements - e.g. control of flies
through sanitation and improved access to water for hygiene
— for further reductions in the potential for transmission.'*"

The presence of latrines or other facilities for the disposal
of human faeces is understood to have an indirect beneficial
effect on the risk of trachoma because it reduces the access
of Musca sorbens flies — a probable vector of C. trachoma-
tis — to potential breeding sites.'””"* As flies can easily move
throughout an area, however, a few scattered latrines may
have little impact on trachoma in that community - or even
in households with latrines.® Effective fly control through
sanitation requires not only high levels of latrine access but
also consistent latrine use throughout the community."
Programmes to improve sanitation and/or control trachoma
typically measure changes in sanitation at regional or national
level. If they do investigate latrine coverage at community level
at all, they tend to record latrine access rather than use. The
role of latrine use — at community level - in trachoma control
requires elucidation.'®

We believed that, rather than latrine access at household
level, the proportion of households in a community with la-
trines in use would be a stronger indicator of the effectiveness
of fly control and levels of exposure to C. trachomatis.”” We hy-
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pothesized that higher community sani-
tation usage would be associated with
a lower prevalence of active trachoma.

Methods

Study overview and subjects

Between 2011 and 2014, the Amhara
Regional Health Bureau conducted tra-
choma-impact surveys in various areas
of Amhara. These surveys were designed
to provide population-based estimates
of trachoma prevalence, quantify uptake
of trachoma control efforts and estimate
the proportions of households with
water and sanitation access.”” A district -
known locally as a woreda - only became
eligible for surveying when at least five
annual rounds of mass administrations
of azithromycin had occurred. Each
survey was conducted at least six months
after the last such antibiotic administra-
tion in the target district.

For the present study, we combined
data collected in trachoma-impact sur-
veys that were conducted in the South
Gondar zone in June-August 2011,
in the North Gondar and West Gojjam
zones in May-June 2012, in eastern
Ambhara between December 2012 and
January 2013, in western Amhara in
June-July 2013, and in eastern Amhara
in January-February 2014.

All five surveys used multistage
cluster random sampling to estimate the
district-level prevalence of trachoma-
tous inflammation—-follicular. Villages
- known locally as gott - represented
the smallest administrative unit with
available population data and were the
primary sampling units. Within each
target district, villages were selected,
from a geographically-ordered listing,
using probability-proportional-to-size
sampling. Within each selected village,
smaller administrative units of approxi-
mately 40 households - i.e. household
clusters that were locally called devel-
opment teams — were used as segments
for a modified segment design.”>”' Such
clusters were listed and given identifica-
tion numbers upon arrival in a study vil-
lage with the assistance of a designated
village representative, who then drew a
number from a hat to select the cluster
to be surveyed. The entire village was
surveyed if it consisted of 40 or fewer
households.

Community information was col-
lected in interviews with village leaders.
In each selected cluster, all residents who
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gave verbal consent were examined for
clinical signs of trachoma, according to
WHO guidelines.'” Each eye was exam-
ined separately, by a trained trachoma
grader using a 2.5x binocular loupe,
for the presence or absence of all five
clinical signs of the simplified trachoma
grading system.”” Heads of household
were interviewed for demographic and
socioeconomic information as well
as knowledge and practices regard-
ing trachoma, hygiene, sanitation and
water. Visual inspections were made of
household latrines and hand-washing
stations. Responses were recorded
electronically using tablet computers
with Swift Insights software (The Carter
Center, Atlanta, USA). Questionnaires at
community, household and individual
levels were linked.”

Measures

The exposure variable - community
sanitation usage — was calculated as the
proportion of households within the
cluster with a latrine with evidence of
use. A latrine was considered to be in
use if there was a defined path to it and
faeces were observed in the pit.**

For trachoma, the outcome variable
was a dichotomous measure, based on
WHO’s simplified grading scale, for the
absence/presence of active trachoma
- i.e. absence/presence of trachoma-
tous inflammation - follicular and/or
intense."”

Analyses

We used multilevel logistic regression
to estimate the association between
the proportion of households in each
cluster with a latrine in use and active
trachoma among children aged 1-9
years — accounting for dependence of
observations nested within households
and clusters. Multilevel analysis can
assess the influence of area-level effects
- e.g. community sanitation usage — on
an individual outcome in addition to
between-group and within-group vari-
ability.” These variance-based measures
provide a useful complement to stan-
dard measures of association for the
analysis of contextual effects.”
Accounting for study design and
unequal selection probabilities, means
and proportions were estimated, with
95% confidence intervals (CI), across
categories of community sanitation us-
age. Generalized linear mixed models
were fitted, specifying random inter-
cepts for cluster and households nested
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within clusters. Models were estimated
using adaptive quadrature with eight
integration points, and robust standard
errors (SE) were requested to account
for clustering within districts. Sampling
weights, based on the inverse selec-
tion probability for cluster, household
and individual, were incorporated.
Individual and household weights were
scaled to sum to the household and
cluster sample size, respectively.” After
scaling weights, to restrict analysis to the
subpopulation of interest, participants
who were not aged 1-9 years were as-
signed an individual weight of 0.0001.*
Our treatment of the exposure variable
as a categorical measure - rather than
a linear or quadratic measure - was
based on the results of a preliminary
assessment that considered both fit and
interpretability. An empty model was
fitted to measure between-cluster and
between-household variance.”” Poten-
tial confounders were identified, from
the community-level, household and
individual covariates recorded in the
surveys (Table 1), based on the results
of a literature review, an evaluation of
directed acyclic graphs,’** univariable
analyses and initial unweighted model-
ling. We used a sequential modelling
approach to explore confounding -in-
dicated by change in exposure estimates
- and changes in residual variance. All
models controlled for survey round, to
account for year and possible between-
survey variations in the method. Most
surveys were conducted during the
rainy season, so an assessment of sea-
sonality was not possible. We calculated
intraclass correlation coefficients by
converting individual-level and area-
level components of variance to the
same scale — using the latent variable
method - and median odds ratios (ORs)
were calculated as measures of residual
variance on the OR scale.””* To evaluate
multiplicative modification of the effect
of community sanitation usage on active
trachoma, by household latrine use and
water access, we used likelihood ratio
tests, after controlling for covariates
included in the fully-adjusted model.
We calculated summary measures of
association with CI from the weighted
means of stratum-specific log ORs.”**
Models included all observations with
information available for included co-
variates. Initial unweighted modelling
was conducted in SAS 9.4 (SAS Insti-
tute, Cary, United States of America).
All described analyses were conducted
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Value (95% Cl) for clusters where percentage of households with latrines with evidence of use was:?

Characteristics

Al
0.23 (0.22-0.23)

>80
0.29(0.28-0.31)

20to <40 40 to <60 60 to <80
0.24 (0.22-0.26) 0.25(0.24-0.27)

0.21(0.20-0.23)

0to<20
0.17 (0.16-0.19)

61185

Reporting school attendance

0.77 (0.75-0.78)

0.72 (0.69-0.75) 0.75(0.72-0.78) 0.79 (0.76-0.82) 0.77 (0.74-0.80) 0.82 (0.80-0.85)

58450

Without ocular or nasal discharge

¢ The household wealth indicators were ownership of mobile phone, ownership of radio, ownership of television, an iron

Cl: confidence interval; MDA: mass drug administration.

roof and access to electricity.
" The highest level of education reported to have been completed either by respondents in the 2011 survey or by any

¢ All values followed by confidence intervals are means.

household member in the subsequent surveys.
9 That is, the unprompted reporting of one or more forms of trachoma prevention.

® Reportedly, by all residents.
¢ Values extracted, using geographical coordinates in ArcMap 10.1 (ESRI, Redlands, USA), from raster surface with 2011

population density, generated using the Oak Ridge National Laboratory’s LandScan.”

¢ A health centre, health post or hospital.

using Stata version 13.1 (StataCorp. LP,
College Station, USA).

Ethical approval

The protocols for the surveys that were
our data sources were approved by
Emory University’s Institutional Review
Board and the Amhara Regional Health
Bureau. Our secondary analysis was
exempt from additional review.

Results

Of 56425 households surveyed in 1510
clusters throughout Amhara region,
56169 (>99%) were linked to eye ex-
amination and census information, for
233363 individuals. Of 68961 children
aged 1-9 years in the linked data set,
62869 (91%), in 35977 households, had
eye examination results. Of 6092 chil-
dren aged 1-9 years in the linked data
set that lacked eye examination results,
4864 (80%) were reported to be out,
travelling or at school during the survey,
734 (12%) refused the examination and
494 (8%) did not have a reason provided.
Community sanitation usage was calcu-
lated using data on 56 050 (>99%) of the
surveyed households.

Table 1 summarizes overall, and
by category of community sanitation
usage, the community, household and
individual characteristics of children
aged 1-9 years with eye examination
results. In general, compared with
other children, those in communities
with relatively low sanitation usage had
indicators of poorer hygiene, more im-
poverished and rural living conditions
and less education and health care. In
terms of mean household counts of
wealth indicators, communities with
the lowest category of sanitation usage
appeared much poorer than communi-
ties with the highest category of such
usage (Table 1).

Levels of exposure to mass admin-
istrations of antibiotic for trachoma
control and levels of prevention knowl-
edge mirrored patterns of community
sanitation usage. For example, children
in communities with the lowest category
of sanitation usage were less likely to
have ever received antibiotics during
mass administrations than children in
communities with the highest category
of such usage (Table 1). The median
number of times that all community
residents had reportedly received such
antibiotics was lower in communities
with the lowest category of sanitation us-

William E Oswald et al.

age than in communities with the high-
est category of usage. Some trachoma
prevention knowledge was reported by
more than half of households (Table 1)
but such knowledge was less frequently
reported in communities with relatively
low sanitation usages. Where latrines
were present, latrine usage was high.
Among households, an estimated 52%
(95% CI: 50-53) owned a pit latrine, the
primary form of sanitation recorded. Of
these pit latrines, 93% (95% CI: 92-93)
were classified as in use based on obser-
vation. The mean reported age of latrines
was 2.59 years (95% CI: 2.49-2.70),
based on data from three of the surveys
that recorded such data.

Mean community sanitation us-
age was 47% (95% CI: 45-48) over all
1510 clusters but ranged from 0% in
106 clusters to 100% in 25 clusters. The
overall prevalence of active trachoma in
children aged 1-9 years was estimated to
be 29% (95% CI: 28-30) (Table 1).

We fitted several models, described
as models 1-6, to examine the associa-
tion between community sanitation us-
age and active trachoma - sequentially
controlling for selected community,
household and individual factors and
adjusting for survey (Table 2). In terms
of the available covariates, popula-
tions for all six models were similar. In
model 1, which only adjusted for survey
round, community sanitation usages of
60 to <80% and >80% were associated
with lower prevalence odds of active tra-
choma compared with usage of <20%.
Adding adjustments for child’s age and
sex (model 2) and then household water
access and latrine use (model 3) did not
meaningfully change the estimated ORs.
After inclusion of household wealth
indicators and education (model 4), an
aggregated community wealth measure
(model 5) and a community measure
for the median number of times that
a mass antibiotic administration had
been received (model 6), the pattern
remained the same but was attenuated
towards null (Table 2).

In the empty model, which ex-
cluded any covariates, residual vari-
ances between households and between
clusters were estimated to be 0.68 (SE:
0.08) and 2.22 (SE: 0.20), respectively.
Intraclass correlation coefficients for
the same household and for different
households in the same cluster were
calculated as 0.47 and 0.36, respectively.
In this study, median ORs indicate the
extent, always greater than or equal to 1,

Bull World Health Organ 201 7;95:250—260' doi: http://dx.doi.org/10.2471/BLT.16.177758
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,2011-2014

iopia

Table 3. Modification by household latrine use and water access of the association between active trachoma in children aged 1-9 years and community sanitation usage, Amhara, Eth

256

sOR (95% C1)°

n

th evidence of use®

ine wi

Household does not own latr

th evidence of use

ine wi

Household owns latr

Community

Water access

Water access

Water access

Water access

sanitation usage

> 30 minutes

< 30 minutes

> 30 minutes

< 30 minutes

(% of households
with latrines in
apparent use)

OR
(95% C1)
0.93 (0.52-1.67)

OR
(95% CI)

0.68 (0.41-1.13)

OR
(95% C1)
0.51(0.32-0.83)

0.54 (0.32-0.90)

OR
(95% C1)
0.62 (0.39-0.99)

0.67 (0.48-0.95)

9415
11548

182
982
1471

518
2006
3094
5282

10679

2332
2690
1741
1237

6383
5870
3636
2587
1090

>80

0.76 (0.57-1.03)

0.68 (0.42-1.09)

0.87 (0.55-1.37)

0.83 (0.54-1.29)

60 to <80

1.01 (0.74-1.37)

9942
11498
18948

1.10 (0.75-1.62) 1.35 (0.92-1.96)

0.87 (0.56-1.36) 0.76 (0.46-1.24)

40to <60

1.06 (0.78-1.44)

1.22 (0.87-1.69)

2392
6687

1.14 (0.75-1.72) 0.72 (0.46-1.13) 1.07 (0.74-1.56)

20to <40
<20

Ref.

Ref. Ref.

Ref.

492

Ref.

Cl: confidence interval; OR: odds ratio; Ref.: reference group; SOR: summary odds ratio.

2 Because the household has no latrine or has a latrine considered to be unused.

® Summary OR weighted by total population within strata of household water and sanitation access, adjusted for age,

sex, household education, household wealth items, community mean sum of household wealth indicators, median
number of times surveyed residents in a community had reportedly received a mass drug administration against

trachoma and survey round.

William E Oswald et al.

to which the individual probability of ac-
tive trachoma was determined by cluster
and household levels. In a comparison of
children of different households from dif-
ferent communities, the median OR was
calculated to be 5.07. In a comparison
of children of different households from
the same community, the correspond-
ing ratio was 2.19. Variance did not
meaningfully change across additional
models (Table 2). Residual heterogeneity
between clusters was of greater relevance
than community sanitation usage. In
model 6, median ORs indicated that
residual heterogeneity between children
of different communities reflected, on
average, a 5.82-fold increase in the indi-
vidual odds of active trachoma.

The magnitude of association be-
tween community sanitation usage and
active trachoma was found to vary sig-
nificantly by household latrine use and
water access (P<0.0001). As no clear
pattern in stratified OR estimates and
CIs was discerned, summary estimates,
weighted by population in the strata of
household latrine use and water access,
are reported by category of community
sanitation usage in Table 3.

Discussion

Our study shows that increasing the pro-
portion of households in a community
with latrines in use may be protective
against active trachoma among children
aged 1-9 years, independent of whether
a child’s household had a latrine in use
or better access to water and control-
ling for potential confounders. There
was no clear evidence of multiplicative
modification of the effect of community
sanitation usage on active trachoma
by household latrine use and water
access. Multilevel analysis, which al-
lowed estimation of residual variation
between communities and households,
indicated the importance of additional
contextual factors - beyond community
sanitation usage and other measures that
we included in our models - that may
have more influence on an individual’s
propensity for active trachoma.

Studies in the Gambia identified the
fly, M. sorbens — that breeds in openly-
deposited faeces of humans and other
mammals but not in pit latrines - as
an insect vector of trachoma, clarifying
the relationship between faeces in the
environment and the disease.'””"* Sub-
sequently, in a randomized controlled
trial, fly catches from children’s eyes

Bull World Health Organ 2017;95:250-260| doi: http://dx.doi.org/10.2471/BLT.16.177758
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and mean active trachoma prevalence
were reduced through latrine provi-
sion — but not by a statistically signifi-
cant amount.” In another randomized
controlled study - designed to measure
the effect of latrine promotion on re-
emergence of trachoma after a mass
administration of antibiotic — there was
no evidence of a significant relationship
between increased latrine provision and
prevalence of active trachoma or C. tra-
chomatis infection in children because
there was no rapid re-emergence of
infection in either study arm.” In a later
cohort analysis of the communities that
had received a single mass azithromycin
distribution and promotion of latrine
usage, it was found that, for each 10%
increase in the proportion of household
latrines with evidence of use 12 months
after baseline, there was a 2.0% decrease
(95% CI: 0.2-3.9) in the community
prevalence of ocular C. trachomatis
infection over the subsequent year.’
However, no corresponding decrease
in the prevalence of active trachoma
was observed,” perhaps because the
follow-up period was too short to allow
the beneficial impact of a cleaner living
environment on the occurrence of active
trachoma to become apparent.’”” Based
on available data, most latrines observed
in the surveys we used had been in place
for more than 12 months.

In the control of neglected tropical
diseases, the relative importance of hy-
giene, sanitation and water components,
and of household sanitation compared
with community sanitation, remains
to be established.'**” Improvements in
access to water supplies could lead to
increased facial cleansing, one of the
four components of the SAFE strategy,
by increasing the quantity of water avail-
able at household level. However, we did
not identify any pattern of difference

Research
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in the association between community
sanitation usage and active trachoma
by household water access and latrine
usage, despite statistically significant
interaction.

Few studies have examined the
relationship between community sani-
tation usage and health outcomes.'®*'~*
The conclusions from this study are
strengthened by its size, population-
based estimates and consideration of
latrine use rather than latrine owner-
ship. Our study had limitations. The
cross-sectional surveys prevent causal
conclusions, and residual confounding
remains possible. We could not control
for hygiene practices because few rele-
vant measures were collected in the sur-
veys. Also, our indicator of latrine use
did not measure usage by all household
members or the disposal of children’s
faeces. Therefore, we had to assume
that the proportion of households with
a latrine with evidence of use reflected
the actual proportion of the community
population that consistently deposited
their faeces in a latrine.”

Although we observed variation
in the prevalence of active trachoma
at district-level, our estimate of the
overall prevalence of active trachoma
among children aged 1-9 years in
Ambhara, i.e. 29%, indicates the need
for continued local implementation of
the SAFE strategy. At the time of our
study, despite improvements over re-
cent years across Ethiopia,* household
latrine usage in Amhara remained below
50%. Trachoma control efforts should
continue to emphasize environmental
improvements. The association of com-
munity sanitation usage with trachoma
highlights the need for interventions -
particularly ones targeting the environ-
mental component of the SAFE strategy
- to create communities free from open

defecation.*® By modelling the asso-
ciation between community sanitation
usage and C. trachomatis infection, it
might be possible to clarify the role of
sanitation in preventing transmission
of the causative agent of trachoma.
Future research should focus on both
increasing the adoption of latrines - to
reach protective levels of community
sanitation usage — and improving latrine
construction and maintenance - to en-
sure that any usage improvements are
sustained. H
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Résumé

Trachome actif et utilisation d'installations d’assainissement collectif en Ethiopie

Objectif Ftudier dans la région Amhara, en Ethiopie, I'association entre
la prévalence du trachome actif chez les enfants agés de 1a9ans et
I'utilisation d'installations d'assainissement collectif.

Méthodes Entre 2011 et 2014, la prévalence du trachome et I'utilisation
de latrines a fosse domestiques ont été mesurées dans le cadre de cinq
enquétes transversales menées aupres de la population. Les données
sur les indicateurs observés concernant |'utilisation de latrines ont
été regroupées dans une mesure de I'utilisation des installations
d'assainissement collectif exprimée comme la proportion de ménages
utilisant des latrines. Tous les membres des ménages ont fait l'objet
d'un examen destiné a détecter les signes cliniques, cest-a-dire une
inflammation trachomateuse folliculaire et/ou intense, révélateurs
d'un trachome actif. Une régression logistique a plusieurs niveaux a été
utilisée pour estimer le rapport de cote (RC) de prévalence ainsi que
les intervalles de confiance (IC) a 95%, en tenant compte de facteurs
liés a la communauté, aux ménages et aux individus, et pour évaluer
les variations induites par I'utilisation de latrines domestiques et un
acces a l'eau.

Résultats Dans les zones étudiées, la prévalence du trachome actif
chez les enfants a été estimée a 29% (IC a 95%: 28-30) et |'utilisation
moyenne des installations d'assainissement collectif a 47% (IC a 95%:
45-48). Malgré des variations considérables (p < 0,0001), aucune
tendance liée aux RC stratifiés ne sest dégagée. Pour résumer entenant
compte des différentes strates, lorsque les valeurs relatives a I'utilisation
des installations d'assainissement collectif étaient comprises entre 60 et
80% ou >80%, le rapport de cote de prévalence du trachome actif était
plus faible que lorsque les valeurs relatives a 'utilisation des installations
d'assainissement collectif étaient < 20% (RC: 0,76; IC a 95%: 0,57-1,03
et RC. 0,67; IC a 95%: 0,48-0,95, respectivement).

Conclusion Dans la région Amhara de |'Ethiopie, une corrélation
négative a été observée entre |'utilisation d'installations d'assainissement
collectif et la prévalence du trachome actif chez les enfants, soulignant
la nécessité de poursuivre les efforts pour encourager I'utilisation
dinstallations d'assainissement et promouvoir une utilisation durable
dans I'ensemble de la population, et non seulement au niveau des
meénages.

Pesiome

AKTMBHasA Tpaxoma 1 UCnoJib30BaHUe CaHUTapHO-TUrMeHNYeCcKnx yao6cTs obLmHou, dpuonus

Lenb V3yunTtb B pervioHe Amxapa, IPMonua, CBA3b Mexay
PaCNPOCTPAHEHHOCTbIO aKTUBHOW TRAXOMbl CpefV IeTel B BO3pacTe
1-9 NeT N OBLLUMHHBIM MCNOMb30BAHUEM CAHUTAPHO-TUTMEHNUECKIX
ynobcTB.

MeTogpbl B nepuoa ¢ 2011 no 2014 rog B xoae NATU nonepeyHo-
CeKUMOHHbBIX 06CNefoBaHNM NonynALMOHHOro Maclitaba 6bina
M3y4eHa PacnpOCTPaHEHHOCTb TPAXOMbI 1 MCMOMb30BaHWA AMHOTO

TyaneTa JOMalWHUMKN X0381MCTBaMU. [laHHble No HabnogaemMbim
MOKa3aTensam UCNomb30BaHKA AMHbIX TyaneToB Obiv O6bearHEHbI,
4TOBbI MOMYUNTH MACLWITab OBLLMHHOIO MCMOMBb30BaHNA CaHUTAPHO-
MUIMeHNYECKYIX YIOOCTB, BblPaXKEHHbIV ONEN JOMALLHMX XO3AACTB,
B KOTOPbIX MCMOMb3YOTCA AMHble TyaneTsbl. Bce uneHbl cemen
66N 06CNefoBaHbl Ha NpeaMeT KNMHUYECKUX NMPU3HAKOB,
T. . TPAaXOMaTO3HOro BocnaneHna, GonnNuKynapHoro v (Mnwu)
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MHTEHCUBHOTO, YKa3biBAOWEro Ha akKTUBHYIO TPaxomy.
MHoroypoBHeBas norncTnyeckan perpeccua belna UCrnonb3oBaHa
INA oleHKM oTHowweHu waHcos (OLL) 1 95%-x poBepuUTENbHbIX
nHTepBanos (M) pacnpocTpaHeHHOCTH C yyeToM OOLUMHHBIX,
BbITOBbIX VI MHANBUAYaNbHBIX GaKTOPOB, a TakKe 1A OLIEHKM BIVAHISA
MCNOMb30BaHMA AMHOrO TyaneTa 1 JOCTyna K BOAe B JOMalHEM
XO3AMCTBE.

Pe3synbrathl B 06CneoBaHHbIX palioHax pacnpoCTpaHeHHOCTb
aKTUBHOW TPaxoMbl Cpean AeTel oueHmBanacb Kak 29% (95%-in
[W: 28-30) 1 cpeaHee 3HaueHMe MCNONb30BaAHMA CaHUTapPUK
obwwmHom coctaBnano 47% (95%-n AW 45-48). HecmoTpsa Ha
3HaumTenbHoe BmaHre (p < 0,0001), He BbINO OBHAPYKEHO HIKAKOM
3aKOHOMEPHOCTM B cTpaTdurUmpoBaHHbix OLL. Moasoas wtor no
CTpaTam, MOXHO OTMETUTb, YTO TaMm, rAe NMoKasaTtev UCnob30BaHNA
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CaHUTAPHO-TUrMeHNYeCKX yaobCTB 0OWMHOM COCTaBNANN OT
60 1o <80% 1 >80%, Habnoaanacb bonee HKWKas BEPOATHOCTb
PaCMPOCTPaHEHHOCTU aKTUBHOW TRAXOMbl MO CPaBHEHMIO CO CTPATOW,
re NOKa3aTeslb MCMOMb30BaHNUA CAaHUTAPHO-TUMMEHNYECKX yA0OCTB
obwyHo coctaBun meHee 20% (OLL: 0,76; 95%-i [1:0,57-1,03 n OLL:
0,67; 95%- [IN: 0,48-0,95 COOTBETCTBEHHO).

BbiBoA B pervioHe Amxapa, 2dronus, Habniofanacs oTprLaTeIbHas
Koppenauus Mexay OBLMHHBIM UCNONb30BaHMEM CaHUTapHO-
TUrMEeHNYeCcKUX Yao0CTB M PAaCNpPOCTPAHEHHOCTbIO aKTUBHOMN
TPaxoMbl CpeAn AeTeid, YTo yKasblBaeT Ha HeOOXOAUMOCTb B
HenpeKPaLLaoLWMXCA Mepax Mo CTUMYIMPOBaHMIO 6oee BbICOKOTO
YPOBHA MCMONb30BaHNA CaHUTAPHO-TUIMEHNYECKMX ya0OCTB 1
noafepkke NOCTOAHHOIO MCMONb30BaHWA BCeW OOLIMHOW, a He
TONBKO Ha YPOBHE JOMALLHEero xo3ancTaa.

Resumen

Tracoma activo y uso comunitario del saneamiento, Etiopia
Objetivo Investigar, en Amhara, Etiopia, la relacion entre la prevalencia
del tracoma activo en nifios de entre 1y 9 afos y el uso comunitario
del saneamiento.

Métodos Entre 2011y 2014, se midieron la prevalencia del tracomay el
uso domeéstico de las letrinas de pozo en cinco encuestas transversales
basadas en la poblacién. Los datos sobre los indicadores observados del
uso de letrinas se agregaron en una medida del uso del saneamiento
comunitario calculado como el porcentaje de hogares con una letrina en
uso. Se examind a todos los miembros del hogar en busca de sintomas
clinicos, es decir, inflamacién tracomatosa, folicular y/o intensa, indicio
de tracoma activo. Se utilizd una regresién logistica de varios niveles
para estimar la prevalencia de los cocientes de posibilidades (CP) y los
intervalos de confianza (IC) del 95%, ajustandose a factores comunitarios,
domésticos e individuales, y para evaluar la modificacién por uso de
letrinas y acceso al agua en los hogares.

Resultados En las zonas encuestadas, se estimé que la prevalencia del
tracoma activo en nifios era del 29% (IC del 95%: 28-30) y que el uso
comunitario del saneamiento era del 47% (IC del 95%: 45—-48). A pesar de
unaimportante modificacion (p < 0,0001), no se detectd ningun patron
en los CP estratificados. Como resumen de los estratos, los valores de uso
comunitario del saneamiento del 60 al <80% y >80% se relacionaron
con una menor prevalencia de tracoma activo, en comparacion con
un uso comunitario del saneamiento de < 20% (CP: 0,76; IC del 95%:
0,57-1,03y CP: 0,67; IC del 95%: 0,48-0,95, respectivamente).
Conclusion En Amhara, Etiopfa, se observd una correlacion negativa
entre el uso comunitario del saneamiento y la prevalencia del tracoma
activo en nifos, destacando la necesidad de unos esfuerzos continuos
por fomentar unos mayores niveles de uso del saneamiento y para
respaldar el uso constante en toda la comunidad, no Unicamente en
los hogares.

References

1. Pascolini D, Mariotti SP. Global estimates of visual impairment: 2010. Br
J Ophthalmol. 2012 May;96(5):614-8. doi: http://dx.doi.org/10.1136/
bjophthalmol-2011-300539 PMID: 22133988

2. Mariotti SP, Pascolini D, Rose-Nussbaumer J. Trachoma: global magnitude of
a preventable cause of blindness. Br J Ophthalmol. 2009 May;93(5):563-8.
doi: http://dx.doi.org/10.1136/bj0.2008.148494 PMID: 19098034

3. WHO Alliance for the Global Elimination of Blinding Trachoma by the year
2020. Progress report on elimination of trachoma, 2013. Wkly Epidemiol
Rec. 2014 Sep 26;89(39):421-8. PMID: 25275153

4. Burton MJ, Mabey DC. The global burden of trachoma: a review. PLoS Negl
Trop Dis. 2009 Oct 27;3(10):e460. doi: http://dx.doi.org/10.1371/journal.
pntd.0000460 PMID: 19859534

5. HuVH, Harding-Esch EM, Burton MJ, Bailey RL, Kadimpeul J, Mabey DC.
Epidemiology and control of trachoma: systematic review. Trop Med Int
Health. 2010 Jun;15(6):673-91. doi: http://dx.doi.org/10.1111/j.1365-
3156.2010.02521.x PMID: 20374566

6. Emerson PM, Cairncross S, Bailey RL, Mabey DC. Review of the evidence
base for the F'and 'E’components of the SAFE strategy for trachoma
control. Trop Med Int Health. 2000 Aug;5(8):515-27. doi: http://dx.doi.
0rg/10.1046/j.1365-3156.2000.00603.x PMID: 10995092

7. Ngondi J, Gebre T, Shargie EB, Adamu L, Ejigsemahu Y, Teferi T, et al.
Evaluation of three years of the SAFE strategy (Surgery, Antibiotics, Facial
cleanliness and Environmental improvement) for trachoma control in
five districts of Ethiopia hyperendemic for trachoma. Trans R Soc Trop
Med Hyg. 2009 Oct;103(10):1001-10. doi: http://dx.doi.org/10.1016/;.
trstmh.2008.11.023 PMID: 19178920

8. Emerson PM, Ngondi J, Biru E, Graves PM, Ejigsemahu Y, Gebre T, et al.
Integrating an NTD with one of “the big three”: combined malaria and
trachoma survey in Amhara Region of Ethiopia. PLoS Negl Trop Dis. 2008
Mar 19;2(3):¢197. doi: http://dx.doi.org/10.1371/journal.pntd.0000197
PMID: 18350115

9. Berhane. Prevalence of trachoma in Ethiopia. Ethiop J Health Dev.
2007;21(3):211-5.

10. Bailey R, Lietman T. The SAFE strategy for the elimination of trachoma
by 2020: will it work? Bull World Health Organ. 2001;79(3):233-6. PMID:
11285668

11. West SK. Blinding trachoma: prevention with the safe strategy. Am J Trop
Med Hyg. 2003 Nov;69(5) Suppl:18-23. PMID: 14692676

12. Emerson PM, Bailey RL, Mahdi OS, Walraven GE, Lindsay SW. Transmission
ecology of the fly Musca sorbens, a putative vector of trachoma. Trans R Soc
Trop Med Hyg. 2000 Jan-Feb;94(1):28-32. doi: http://dx.doi.org/10.1016/
50035-9203(00)90427-9 PMID: 10748893

13. Emerson PM, Bailey RL, Walraven GE, Lindsay SW. Human and other
faeces as breeding media of the trachoma vector Musca sorbens. Med Vet
Entomol. 2001 Sep;15(3):314-20. doi: http://dx.doi.org/10.1046/}.0269-
283x.2001.00318.x PMID: 11583450

14.  Emerson PM, Lindsay SW, Walraven GE, Faal H, Bagh C, Lowe K, et
al. Effect of fly control on trachoma and diarrhoea. Lancet. 1999 Apr
24:353(9162):1401-3. doi: http://dx.doi.org/10.1016/S0140-6736(98)09158-
2 PMID: 10227221

15. Montgomery MA, Desai MM, Elimelech M. Assessment of latrine use and
quality and association with risk of trachoma in rural Tanzania. Trans R Soc
Trop Med Hyg. 2010 Apr;104(4):283-9. doi: http://dx.doi.org/10.1016/j.
trstmh.2009.10.009 PMID: 19926106

Bull World Health Organ 2017;95:250-260| doi: http://dx.doi.org/10.2471/BLT.16.177758 259


http://dx.doi.org/10.1136/bjophthalmol-2011-300539
http://dx.doi.org/10.1136/bjophthalmol-2011-300539
http://www.ncbi.nlm.nih.gov/pubmed/22133988
http://dx.doi.org/10.1136/bjo.2008.148494
http://www.ncbi.nlm.nih.gov/pubmed/19098034
http://www.ncbi.nlm.nih.gov/pubmed/25275153
http://dx.doi.org/10.1371/journal.pntd.0000460
http://dx.doi.org/10.1371/journal.pntd.0000460
http://www.ncbi.nlm.nih.gov/pubmed/19859534
http://dx.doi.org/10.1111/j.1365-3156.2010.02521.x
http://dx.doi.org/10.1111/j.1365-3156.2010.02521.x
http://www.ncbi.nlm.nih.gov/pubmed/20374566
http://dx.doi.org/10.1046/j.1365-3156.2000.00603.x
http://dx.doi.org/10.1046/j.1365-3156.2000.00603.x
http://www.ncbi.nlm.nih.gov/pubmed/10995092
http://dx.doi.org/10.1016/j.trstmh.2008.11.023
http://dx.doi.org/10.1016/j.trstmh.2008.11.023
http://www.ncbi.nlm.nih.gov/pubmed/19178920
http://dx.doi.org/10.1371/journal.pntd.0000197
http://www.ncbi.nlm.nih.gov/pubmed/18350115
http://www.ncbi.nlm.nih.gov/pubmed/11285668
http://www.ncbi.nlm.nih.gov/pubmed/14692676
http://dx.doi.org/10.1016/S0035-9203(00)90427-9
http://dx.doi.org/10.1016/S0035-9203(00)90427-9
http://www.ncbi.nlm.nih.gov/pubmed/10748893
http://dx.doi.org/10.1046/j.0269-283x.2001.00318.x
http://dx.doi.org/10.1046/j.0269-283x.2001.00318.x
http://www.ncbi.nlm.nih.gov/pubmed/11583450
http://dx.doi.org/10.1016/S0140-6736(98)09158-2
http://dx.doi.org/10.1016/S0140-6736(98)09158-2
http://www.ncbi.nlm.nih.gov/pubmed/10227221
http://dx.doi.org/10.1016/j.trstmh.2009.10.009
http://dx.doi.org/10.1016/j.trstmh.2009.10.009
http://www.ncbi.nlm.nih.gov/pubmed/19926106

Research
Community sanitation usage and trachoma, Ethiopia

16.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

260

Stocks ME, Ogden S, Haddad D, Addiss DG, McGuire C, Freeman MC.

Effect of water, sanitation, and hygiene on the prevention of trachoma: a
systematic review and meta-analysis. PLoS Med. 2014 Feb;11(2):21001605.
doi: http://dx.doi.org/10.1371/journal.pmed.1001605 PMID: 24586120
Solomon AW, Zondervan M, Kuper H, Buchan JC, Mabey D, Foster A.
Trachoma control: a guide for programme managers. Geneva: World Health
Organization; 2006.

King JD, Endeshaw T, Escher E, Alemtaye G, Melaku S, Gelaye W, et al.
Intestinal parasite prevalence in an area of Ethiopia after implementing the
SAFE strategy, enhanced outreach services, and health extension program.
PLoS Negl Trop Dis. 2013;7(6):e2223. doi: http://dx.doi.org/10.1371/journal.
pntd.0002223 PMID: 23755308

King JD, Teferi T, Cromwell EA, Zerihun M, Ngondi JM, Damte M, et al.
Prevalence of trachoma at sub-district level in Ethiopia: determining

when to stop mass azithromycin distribution. PLoS Negl Trop Dis. 2014
Mar;8(3):e2732. doi: http://dx.doi.org/10.1371/journal.pntd.0002732 PMID:
24625539

Turner AG, Magnani RJ, Shuaib M. A not quite as quick but much cleaner
alternative to the Expanded Programme on Immunization (EPI) cluster
survey design. Int J Epidemiol. 1996 Feb;25(1):198-203. doi: http://dx.doi.
0rg/10.1093/ije/25.1.198 PMID: 8666490

. Monitoring the situation of children and women. multiple indicator cluster

survey manual 2005. New York: United Nations Children’s Fund; 2006.
Thylefors B, Dawson CR, Jones BR, West SK, Taylor HR. A simple system for
the assessment of trachoma and its complications. Bull World Health Organ.
1987,65(4):477-83. PMID: 3500800

King JD, Buolamwini J, Cromwell EA, Panfel A, Teferi T, Zerihun M, et

al. A novel electronic data collection system for large-scale surveys of
neglected tropical diseases. PLoS One. 2013;8(9):e74570. doi: http://dx.doi.
0rg/10.1371/journal.pone.0074570 PMID: 24066147

Ngondi J, Teferi T, Gebre T, Shargie EB, Zerihun M, Ayele B, et al. Effect of

a community intervention with pit latrines in five districts of Amhara,
Ethiopia. Trop Med Int Health. 2010 May;15(5):592-9. doi: http://dx.doi.
0rg/10.1111/j.1365-3156.2010.02500.x PMID: 20345557

Diez Roux AV. A glossary for multilevel analysis. J Epidemiol Community
Health. 2002 Aug;56(8):588-94. doi: http://dx.doi.org/10.1136/jech.56.8.588
PMID: 12118049

Merlo J, Ohlsson H, Lynch KF, Chaix B, Subramanian SV. Individual and
collective bodies: using measures of variance and association in contextual
epidemiology. J Epidemiol Community Health. 2009 Dec;63(12):1043-8.
doi: http://dx.doi.org/10.1136/jech.2009.088310 PMID: 19666637

Carle AC. Fitting multilevel models in complex survey data with design
weights: recommendations. BMC Med Res Methodol. 2009 Jul 14;9(1):49.
doi: http://dx.doi.org/10.1186/1471-2288-9-49 PMID: 19602263

Korn EL, Graubard BI. Analysis of health surveys. New York: John Wiley; 1999.
doi: http://dx.doi.org/10.1002/9781118032619

Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, Hjerpe P, et al. A brief
conceptual tutorial of multilevel analysis in social epidemiology: using
measures of clustering in multilevel logistic regression to investigate
contextual phenomena. J Epidemiol Community Health. 2006
Apr;60(4):290-7. doi: http://dx.doi.org/10.1136/jech.2004.029454 PMID:
16537344

Bright EA, Coleman PR, Rose AN, Urban ML. LandScan 2011. Oak Ridge:
Oak Ridge National Laboratory; 2012. Available from: http://www.ornl.gov/
landscan/ [cited 2015 Apr 17].

. Textor J, Hardt J, KnUppel S. DAGitty: a graphical tool for analyzing causal

diagrams. Epidemiology. 2011 Sep;22(5):745. doi: http://dx.doi.org/10.1097/
EDE.Ob013e318225c2be PMID: 21811114

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

William E Oswald et al.

Rothman KJ, Greenland S, Lash TL. Modern epidemiology. 3rd ed.
Philadelphia: Lippincott, Williams & Wilkins; 2008.

Rabe-Hesketh S, Skrondal A. Multilevel and longitudinal modeling using
Stata. Third Edition, Volume II: Categorical responses, counts, and survival.
College Station: Stata Press; 2012.

Kleinbaum DG, Kupper LL, Morgenstern H. Epidemiologic research:
principles and quantitative methods. Belmont: Lifetime Learning
Publications; 1982.

Neter J, Wasserman W, Kutner MH. Applied linear statistical models:
regression, analysis of variance and experimental designs. Homewood:
Richard D Irwin; 1985.

Emerson PM, Lindsay SW, Alexander N, Bah M, Dibba SM, Faal HB, et al. Role
of flies and provision of latrines in trachoma control: cluster-randomised
controlled trial. Lancet. 2004 Apr 03;363(9415):1093-8. doi: http://dx.doi.
0rg/10.1016/50140-6736(04)15891-1 PMID: 15064026

Stoller NE, Gebre T, Ayele B, Zerihun M, Assefa Y, Habte D, et al. Efficacy

of latrine promotion on emergence of infection with ocular Chlamydia
trachomatis after mass antibiotic treatment: a cluster-randomized

trial. Int Health. 2011 Jun;3(2):75-84. doi: http://dx.doi.org/10.1016/j.
inhe.2011.03.004 PMID: 21785663

Haile M, Tadesse Z, Gebreselassie S, Ayele B, Gebre T, Yu SN, et al. The
association between latrine use and trachoma: a secondary cohort analysis
from a randomized clinical trial. Am J Trop Med Hyg. 2013 Oct;89(4):717-20.
doi: http://dx.doi.org/10.4269/ajtmh.13-0299 PMID: 24002483

Keenan JD, Lakew T, Alemayehu W, Melese M, House JI, Acharya NR, et al.
Slow resolution of clinically active trachoma following successful mass
antibiotic treatments. Arch Ophthalmol. 2011 Apr;129(4):512-3. doi: http://
dx.doi.org/10.1001/archophthalmol.2011.46 PMID: 21482879

Freeman MC, Ogden S, Jacobson J, Abbott D, Addiss DG, Amnie AG, et al.
Integration of water, sanitation, and hygiene for the prevention and control
of neglected tropical diseases: a rationale for inter-sectoral collaboration.
PLoS Negl Trop Dis. 2013;7(9):e2439. doi: http://dx.doi.org/10.1371/journal.
pntd.0002439 PMID: 24086781

Barreto ML, Genser B, Strina A, Teixeira MG, Assis AM, Rego RF, et al. Effect
of city-wide sanitation programme on reduction in rate of childhood
diarrhoea in northeast Brazil: assessment by two cohort studies. Lancet.
2007 Nov 10;370(9599):1622-8. doi: http://dx.doi.org/10.1016/50140-
6736(07)61638-9 PMID: 17993362

Bateman OS, Smith S. A comparison of the health effects of water supply
and sanitation in urban and rural Guatemala. Washington: United States
Agency for International Development; 1991.

Root GP. Sanitation, community environments, and childhood diarrhoea

in rural Zimbabwe. J Health Popul Nutr. 2001 Jun;19(2):73-82. PMID:
11503350

Fuller JA, Villamor E, Cevallos W, Trostle J, Eisenberg JN. I get height with a
little help from my friends: herd protection from sanitation on child growth
in rural Ecuador. Int J Epidemiol. 2016 Apr;45(2):460-9. doi: http://dx.doi.
0rg/10.1093/ije/dyv368 PMID: 26936912

Estimates on the use of water sources and sanitation facilities. New York:
United Nations Children's Fund; 2014.

Kar K, Chambers R. Handbook on community-led total sanitation. London:
Plan UK; 2008.

Bull World Health Organ 2017;95:250-260| doi: http://dx.doi.org/10.2471/BLT.16.177758


http://dx.doi.org/10.1371/journal.pmed.1001605
http://www.ncbi.nlm.nih.gov/pubmed/24586120
http://dx.doi.org/10.1371/journal.pntd.0002223
http://dx.doi.org/10.1371/journal.pntd.0002223
http://www.ncbi.nlm.nih.gov/pubmed/23755308
http://dx.doi.org/10.1371/journal.pntd.0002732
http://www.ncbi.nlm.nih.gov/pubmed/24625539
http://dx.doi.org/10.1093/ije/25.1.198
http://dx.doi.org/10.1093/ije/25.1.198
http://www.ncbi.nlm.nih.gov/pubmed/8666490
http://www.ncbi.nlm.nih.gov/pubmed/3500800
http://dx.doi.org/10.1371/journal.pone.0074570
http://dx.doi.org/10.1371/journal.pone.0074570
http://www.ncbi.nlm.nih.gov/pubmed/24066147
http://dx.doi.org/10.1111/j.1365-3156.2010.02500.x
http://dx.doi.org/10.1111/j.1365-3156.2010.02500.x
http://www.ncbi.nlm.nih.gov/pubmed/20345557
http://dx.doi.org/10.1136/jech.56.8.588
http://www.ncbi.nlm.nih.gov/pubmed/12118049
http://dx.doi.org/10.1136/jech.2009.088310
http://www.ncbi.nlm.nih.gov/pubmed/19666637
http://dx.doi.org/10.1186/1471-2288-9-49
http://www.ncbi.nlm.nih.gov/pubmed/19602263
http://dx.doi.org/10.1002/9781118032619
http://dx.doi.org/10.1136/jech.2004.029454
http://www.ncbi.nlm.nih.gov/pubmed/16537344
http://www.ornl.gov/landscan/
http://www.ornl.gov/landscan/
http://dx.doi.org/10.1097/EDE.0b013e318225c2be
http://dx.doi.org/10.1097/EDE.0b013e318225c2be
http://www.ncbi.nlm.nih.gov/pubmed/21811114
http://dx.doi.org/10.1016/S0140-6736(04)15891-1
http://dx.doi.org/10.1016/S0140-6736(04)15891-1
http://www.ncbi.nlm.nih.gov/pubmed/15064026
http://dx.doi.org/10.1016/j.inhe.2011.03.004
http://dx.doi.org/10.1016/j.inhe.2011.03.004
http://www.ncbi.nlm.nih.gov/pubmed/21785663
http://dx.doi.org/10.4269/ajtmh.13-0299
http://www.ncbi.nlm.nih.gov/pubmed/24002488
http://dx.doi.org/10.1001/archophthalmol.2011.46
http://dx.doi.org/10.1001/archophthalmol.2011.46
http://www.ncbi.nlm.nih.gov/pubmed/21482879
http://dx.doi.org/10.1371/journal.pntd.0002439
http://dx.doi.org/10.1371/journal.pntd.0002439
http://www.ncbi.nlm.nih.gov/pubmed/24086781
http://dx.doi.org/10.1016/S0140-6736(07)61638-9
http://dx.doi.org/10.1016/S0140-6736(07)61638-9
http://www.ncbi.nlm.nih.gov/pubmed/17993362
http://www.ncbi.nlm.nih.gov/pubmed/11503350
http://dx.doi.org/10.1093/ije/dyv368
http://dx.doi.org/10.1093/ije/dyv368
http://www.ncbi.nlm.nih.gov/pubmed/26936912

	Table 1
	Table 2
	Table 3

