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1. Introduction

Trachoma is the leading infectious cause of blindness
and is estimated by WHO to be responsible for 2.9%
of blindness globally.! Recurrent infection with ocular
Chlamydia trachomatis results in chronic conjunctival
inflammation, conjunctival scarring, trichiasis and corneal
opacification.?=* Development of increasingly severe cica-
tricial changes is thought to be dependent on the
frequency, intensity and duration of infection, and induced
inflammation.® It is generally accepted that trachomatous
trichiasis (TT) usually starts in the second and third decades
of life, with up to 10% of adults in endemic communities
being affected.®® However, in populations severely affected
by blinding trachoma, early onset of trichiasis has been
well documented in children. Population-based surveys con-
ducted between 2001 and 2006 in 11 districts, across five
states in Southern Sudan (Figure 1) reported TT prevalence
in children aged 1—14 years ranging from 0.1% to 3.5%.%!

Risk factor studies are important in identifying poten-
tial targets for interventions. Survey data have consistently
shown prevalence of cicatricial signs of trachoma and
trachoma-related blindness to be two- to four-fold in women
compared with men.*? A number of studies have specifically
explored risk factors for trichiasis among adults.*=%" Turner
et al. studied risk factors for TT among women in Tanzania
and found TT to be associated with a history of trichiasis
in the woman’s mother, sleeping in a room with cooking
fire during childbearing years, illiteracy and five or more
deaths among the woman’s children.*® A case—control study
of environmental risk factors for TT among adults in Dalocha
District of Central Ethiopia, found irregular face washing and
illiteracy to be associated with increased odds of TT using
a univariate regression analysis.'* In a recent survey of tra-
choma in Amhara Region of Ethiopia, TT was found to be
independently associated with increasing age, female gen-
der, increasing prevalence of active trachoma in children
and increasing altitude.'® Results of a seven-year longitudi-
nal follow-up of adult women showed higher incidence of
TT in women with trachomatous scarring (TS) at baseline,
ocular chlamydial infection and older age.!® In a 12-year
longitudinal follow-up of adults with TS in the Gambia, Bow-
man et al. found increasing age and Mandinka ethnicity to
be associated with progression of TS to TT.1” While risk fac-
tors for trichiasis among adults have been studied previously,
there has been less focus on trichiasis in children. In this
paper, we report on potential risk factors associated with
TT in children aged 1—14 years in Southern Sudan.

2. Materials and methods

2.1. The study population and sampling

Population-based surveys of trachoma were conducted in
11 districts of Southern Sudan between 2001 and 2006
(Figure 1). The sample for this study included children aged
1—14 years who had participated in population-based sur-
veys for trachoma in 11 districts. The sample size estimation
and sampling methods of the surveys have been described
previously.®*! In brief, the sample size was calculated to
allow for estimation of at least 50% prevalence of active

trachoma signs in children aged 1—9 years within a preci-
sion of 10% given a 95% confidence limit and a design effect
of 5. We also aimed to estimate at least 2.5% prevalence of
TT in people aged 15 years and above within a precision of
1.5% at 95% confidence limit and a design effect of 2. The
districts were selected on the basis of pragmatic program
implementation criteria of: (1) anecdotal reports of blinding
trachoma; (2) security and accessibility; and (3) feasibility
of initiating trachoma control interventions after the survey.
In two of the districts (Paluer and Padak), trichiasis surgery
services had been offered to the communities during eye-
surgery camps, which had been conducted in the districts in
July 2000, prior to the baseline surveys.

A two-stage random cluster sampling with probability
proportional to size was used to select the sample popu-
lation in each site. A cluster was defined as the population
within a single village. Using a line listing of all the villages in
each study site, villages were grouped into sub-districts. Vil-
lages that were inaccessible and/or insecure were excluded
from the sampling frame. In the first stage, villages were
randomly selected with probability proportional to the esti-
mated population of the sub-district. In the second stage,
households were selected from the villages selected in the
previous stage using the random-walk method,*® except in
Ayod District, where the compact segment method®® was
used for sampling households. All residents of selected
households were enumerated and those present examined.
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Figure 2 The sample population. TF: trachomatous inflammation-follicular; TI: trachomatous inflammation-intense.

conducted for each potentially explanatory risk factor.
Multivariate models were then developed by stepwise
regression analysis for model selection. This involved start-
ing with a null model then proceeding in a sequential fashion
of adding/deleting explanatory variables if they satisfied



Risk factors for trachomatous trichiasis in children 309



Table 4 Univariate multilevel logistic regression analysis of association of trichiasis and potential risk factors in 11 155 children?

Risk factor Total children (n=11155) Children with TT (n=166) Prevalence (%) Odds ratio 95% Cl P-value
Age (years) 1—4 4303 9 0.2 1.0 Ptreng <0.001
5—9 4490 78 1.7 8.5 4.1-17.4
9-14 2362 79 3.3 17.5 8.4—36.4
Gender Male 5585 68 1.2 1.0
Female 5570 98 1.8 1.5 1.1-2.2 0.01
Household 1-5 3517 46 1.3 1.0 Ptrend =0.63
size 6—10 6130 93 1.5 1.0 0.7—1.6
>10 1508 27 1.8 1.3 0.7—2.6
Number of 1-5 9232 132 1.4 1.0 Ptrend=0.69
children aged 6—10 1854 29 1.6 0.8 0.4—-1.3
1-14 years >10 69 5 7.2 2.6 0.5—13.0
Proportion of 0 to <10 2703 39 1.4 1.0 Ptrengd=0.79
children 1-9 years >10 to <50 1472 32 2.2 1.5 0.8—2.7
with TF in HH (%) >50 6980 95 1.4 1.0 0.7-1.7
Proportion of 0 to <10 4031 41 1.0 1.0 Ptreng=0.03
children 1—9 years >10 to <50 1701 28 1.6 1.2 0.6—2.2
with Tl in HH (%) >50 5423 97 1.8 1.6 1.0—-2.6
Adults >15 years 0 8558 70 0.8 1.0 Ptrend <0.001
with TT in HH 1 2102 64 3.0 2.5 1.6-3.9
2 383 20 5.2 3.6 1.8-7.2
>3 112 12 10.7 6.7 2.5—-17.9
Type of water Improved 6747 97 1.4 1.0
source Unsafe 4408 69 1.6 1.0 0.6—1.6 0.937
Time to water <30 7114 102 1.4 1.0
source (min) >30 4041 64 1.6 1.2 0.8—1.9 0.350
Pit latrine Yes 521 6 1.2 1.0
No 10634 160 1.5 0.7 0.2—2.1 0.535
Cattle ownership No 3073 25 0.8 1.0
Yes 8082 141 1.7 1.3 0.7—2.3 0.440
District Paluer 1331 7 0.5 1.0
Padak 925 1 0.1 0.2 0.01—-1.9 0.153
Kongor 943 1 0.1 0.2 0.02—1.9 0.153
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Figure 3  Age-specific prevalence of (A) active trachoma signs (TF and TI) and (B) cicatricial trachoma signs (TS and TT) in
11155 children aged 1—14 years by gender. TF: trachomatous inflammation-follicular; Tl: trachomatous inflammation-intense; TS:
trachomatous scarring; TT: trachomatous trichiasis.

are considered trachoma hyperendemic countries. The TT
prevalence in Southern Sudanese children is alarming, as it
also exceeds the WHO indicator of determining public health
importance of TT of at least 1% prevalence of TT in adults
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plagued by nearly five decades of conflict, resulting in rudi-
mentary health, education and physical infrastructure, and
deplorable socio-economic status, with over 90% of the pop-
ulation living on less than a dollar per day.*°
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services that are tailored to cater for young children in
Southern Sudan.
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