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Abstract. We aimed to investigate prevalence of potential risk factors, and associations between risk factors and
active trachoma in southern Sudan. Surveys were undertaken in ten sites and children aged 1–9 years examined for
trachoma. Risk factors were assessed through interviews and observations. Using ordinal logistic regression, associations
between severity of active trachoma and risk factors were explored. Trachomatous inflammation-intense (TI) was
considered more severe than trachomatous inflammation-follicular (TF). A total of 7,418 children were included in the
analysis. Risk factors and prevalences were unclean face, 52.3%; face washed less than twice daily, 50.8%; water
collection > 30 minutes, 38.1%; absence of latrines, 95.4%; garbage disposal within 20 m, 74.4%; cattle ownership, 69.2%;
and flies, 83.3%. After adjusting for age and sex, unclean face, less frequent face washing, cattle ownership, and
increasing fly density were found to be independently associated with severity of active trachoma. Our study suggests
that facial hygiene and environmental sanitation are priority trachoma-control interventions in southern Sudan.

INTRODUCTION

Trachoma is an eye disease caused by ocular infection with
Chlamydia trachomatis, which can result in blindness after
cycles of repeated infections. The evidence is substantial that
trachoma transmission is associated with poor personal hy-
giene and environmental sanitation risk factors.1–3 In south-
ern Sudan, the nomadic nature of most communities has been
suggested to be associated with flies, poor hygiene, and poor
sanitation.4 It is estimated that only 27% and 16% of the
population in southern Sudan has access to improved water
sources and sanitation facilities, respectively.5 Trachoma risk-
factor studies are needed to investigate the relative impor-
tance of transmission mechanisms in different communities
because these may vary, reflecting differences in environment
and cultures. Thus, to tailor delivery of appropriate interven-
tions to address the facial hygiene and environmental sanita-
tion (the “F” and “E” components of the SAFE strategy) for
particular populations, risk factors for trachoma must be un-
derstood.

Trachoma occurs in stages with each grade corresponding
to increasing disease severity.6 The WHO simplified grading
scheme is used extensively for clinical diagnosis of trachoma.7

In the simplified grading scheme, trachomatous inflamma-
tion-follicular (TF) is defined as five or more follicles of 0.5
mm or greater on the tarsal conjunctiva, and trachomatous
inflammation-intense (TI) is defined as pronounced thicken-
ing of the tarsal conjunctiva and inflammation that obscures
> 50% of the underlying blood vessels. Both presenting signs,
TF and TI, are considered “active trachoma,” although TI is
more severe. Progression of active trachoma to trachomatous
scarring (TS) has been found to be higher in children with
persistent TI compared with TF.8 Laboratory tests for C. tra-
chomatis have demonstrated higher infection rates in persons
with TI compared with TF.9 Severity of TI compared with TF
has further been underscored by quantitative polymerase

chain reaction (PCR) studies, which confirmed higher infec-
tion loads in persons with TI compared with TF.10,11 The
grades of active trachoma described in the simplified grading
system are not exclusive and are frequently observed together
as TF and TI. Published trachoma risk-factor studies have
explored association of risk factors and dichotomous out-
comes of one grade or a combination of both grades catego-
rized together as “active trachoma.” The relationship be-
tween severity of active trachoma signs and risk factors has
not yet been studied. The objectives of this study were to
assess the prevalence of risk factors and to investigate the
relationship between risk factors and severity of active tra-
choma signs based on an ordinal scale of disease progression
where TI was considered more severe than TF.

PARTICIPANTS AND METHODS

Study population. The sampling plan and trachoma grading
have been described elsewhere.12,13 In brief, population
based cross-sectional surveys were conducted in ten sites in
southern Sudan between 2001 and 2005. The study sites were
selected on the basis of pragmatic program implementation
criteria of (a) anecdotal reports of blinding trachoma; (b)
security and accessibility; and (c) feasibility of initiating tra-
choma-control interventions after the survey. The targeted
sample size was to allow for estimation of 50% prevalence of
active trachoma in children of age 1–9 years; within a preci-
sion of 10% at 95% confidence limit and a design effect of 5
in each site. Using a two-stage cluster random sampling de-
sign, villages (clusters) were randomly selected in each site;
and in each selected village, households (defined as persons
eating daily from the same cooking pot) were selected by the
random-walk method.14 Only children of age 1–9 years were
included in the sample.

Severity of active trachoma signs. Eligible children were
examined for trachoma signs by integrated eye-care workers
(IECW) using the WHO simplified grading scheme.7 Trainee
examiners had to achieve at least 80% interobserver agree-
ment in identifying trachoma signs compared with the senior
examiner to participate in the survey. Clinical signs of inflam-
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matory trachoma (TF and TI) were graded for each eye sepa-
rately. An ordinal severity score of active trachoma compris-
ing three categories was then assigned to all eligible subjects
on the bases of the worst-affected eye: 1 � no TF, no TI; 2 �
TF only; and 3 � TI with or without TF.

Risk-factor measurement. Structured interviews with
mothers of children as principal household respondents and
direct observations were used to measure personal and envi-
ronmental (household) risk factors. Interviews were con-
ducted by community health workers experienced in conduct-
ing household health interviews. Standard questionnaires
were printed and precoded in English, and interviews were
conducted in a variety of local languages. Prior to the survey,
the questionnaire was translated and then back-translated in
the field by two interviewers who were familiar with both
English and the local languages to ensure its accuracy.15 In-
terviewers were trained to standardize translation and com-
pleting of the questionnaire. The survey tool was then piloted
in each study site in two villages that had not been sampled,
to validate questions and observations.

Personal factors. Age and sex. The age and sex of each eli-
gible child were recorded. Reported age was verified by
health record cards when available, historical events calendar,
or the mother’s birth history.

Unclean face. Prior to screening for signs of trachoma,
faces of children were briefly inspected for cleanliness and
defined as “not clean” if nasal and/or ocular discharge were
present. All other possible criteria were ignored.

Household factors. Household crowding. An index was de-
rived on basis of the total number of individuals residing in
the household: 1–5 members; 6–10 members; and > 10 mem-
bers.

Face washing frequency. Frequency of washing children’s
faces was determined by asking the mother or caregivers the
number of times children’s faces were washed in a day and
categorized as not washed, washed once, and washed two or
more times daily.

Access to water. The person responsible for water collec-
tion reported on how long it took for a return journey to
collect water from the main water source, including time
spent in the queue. Water accessibility was analyzed in two
categories: � 30 minutes, and > 30 minutes.

Pit latrine. Each household head was asked if there was a
latrine in the household. The presence and usage of a latrine
were confirmed by visual inspection.

Garbage disposal. The distance from the house to where
the solid waste was disposed of was estimated and classified as
� 20 m or > 20 m.

Cattle ownership. The household head was asked if the
family owned cattle.

Fly density. In four study sites (Kongor, Mankien, Narus,
and Kimotong), household-fly density was determined by ex-
amining the presence of flies on children’s faces and around
the doorways for about half a minute. Fly density was graded
as none (0 flies), few (1–4 flies), or many (� 5 flies).

Statistical methods. Descriptive statistics were used to ex-
amine the characteristics of the sample and prevalence of
outcomes and risk factors. Differences in proportions were
compared using chi-square test. To investigate the asso-
ciation between severity of active trachoma and risk factors,
hierarchical regression models were developed using gener-
alized linear models (GLMs).16 The multilevel structure of

GLMs allowed for non-independence of the household vari-
ables, enabled clustering of individual observations within
households, and allowed for variability at individual and
household levels. We fitted an ordinal logistic regression
model to study associations between risk factors and severity
of active trachoma signs.17 This model allowed for analysis of
a polytomous ordinal response on a set of predictors and
computed odds ratios (OR) of having a more severe active
trachoma sign compared with a less severe sign. Univariate
analysis was conducted for each potentially explanatory risk
factor. Multivariable models were then developed by stepwise
regression analysis for model selection. This involved starting
with a null model then proceeding in a sequential fashion of
adding/deleting explanatory variables if they satisfied the en-
try/removal criterion, which was set at 5% significance level
using a log-likelihood ratio test. Age and sex were retained in
all multivariable models to control for any potential con-
founding effects. Sensitivity analyses were conducted using
conventional logistic regression, and multinomial logistic re-
gression analysis that does not make the ordinal assumption.
Statistical analysis was conducted using Stata 8.2 (Stata Cor-
poration, College Station, TX).

Ethical clearance. The Institutional Review Board of
Emory University approved the survey protocol, and clear-
ance to conduct the surveys was obtained from the Sudan
Peoples Liberation Movement Secretariat of Health (SPLM/
Health). Verbal consent to participate was sought from the
parents of children in accordance with the Declaration of
Helsinki. Personal identifiers were removed from the data set
before analyses were undertaken.

RESULTS

Demographic characteristics of the sample population.
Data on demographic characteristics, trachoma prevalence,
and risk factors are shown in Table 1. A total of 7,418 children
of age 1–9 years in 3,213 households were included in the
analysis. In four sites where household fly density was as-
sessed, 1,444 households were included in the analysis. Over-
all, the mean age was 4.7 years (SD, 2.8) years. The propor-
tion of children of aged 1–4 years was higher than the mean
proportion of the other locations in Mankien (58.2% versus
46.9%, P < 0.001) and Narus (54.1% versus 48.2%, P �
0.002) but lower in Boma (44.9% versus 49.3%, P � 0.015)
and Katigiri (41.2% versus 49.4%, P < 0.001). The sex distri-
bution of the sample was similar in all study sites except in
Narus, where the proportion of girls was higher than the mean
proportion of the other locations (57.9% versus 49.6%,
P < 0.001).

Prevalence of active trachoma signs. Overall, prevalence of
active trachoma signs (TF and/ or TI) was 64.5% (range, 41.7–
87.8%). Prevalence of active trachoma severity scores was: no
TF, no TI � 35.5% (range, 12.2–58.3%); TF only � 21.9%
(range, 13.8–38.1%); and any TI � 42.6% (range, 23.8–
64.2%).

Prevalence of potential risk factors. Unclean faces were ob-
served in 52.3% (range, 18.1–81.1%) of children (Table 1).
Boys had a higher prevalence of unclean faces compared with
girls (54.9% versus 49.7%, P < 0.001). Overall 46.6% (range,
16.4–77.3%) and 47.2% (range, 22.2–70.4%) of households
had < 5 members and 6–10 members, respectively. Caregivers

TRACHOMA RISK FACTORS IN SOUTHERN SUDAN 127



T
A

B
L

E
1

C
ha

ra
ct

er
is

ti
cs

of
sa

m
pl

e
po

pu
la

ti
on

,p
re

va
le

nc
e

of
ac

ti
ve

tr
ac

ho
m

a
si

gn
s,

an
d

pr
ev

al
en

ce
of

po
te

nt
ia

l
ri

sk
fa

ct
or

s
by

st
ud

y
si

te

F
ac

to
r

P
al

ue
r

P
ad

ak
K

on
go

r
B

om
a

K
ie

ch
K

uo
n

M
an

ki
en

K
at

ig
ir

i
T

al
i

N
ar

us
K

im
ot

on
g

O
ve

ra
ll

N
um

be
r

of
ch

ild
re

n
of

ag
e

1–
9

ye
ar

s
99

5
63

9
78

9
86

0
55

3
1,

27
1

50
5

45
4

77
2

58
0

7,
41

8
P

re
va

le
nc

e
of

ac
ti

ve
tr

ac
ho

m
a

si
gn

s
(%

)
A

ct
iv

e
tr

ac
ho

m
a*

T
F

an
d/

or
T

I
87

.8
77

.9
43

.3
60

.8
81

.6
65

.6
50

.3
74

.0
41

.7
60

.7
64

.5
T

ra
ch

om
a

se
ve

ri
ty

sc
or

e
N

o
T

F
,n

o
T

I
12

.2
22

.1
56

.7
39

.2
18

.4
34

.5
49

.7
26

.0
58

.3
39

.3
35

.5
T

F
on

ly
24

.0
13

.8
14

.2
20

.6
29

.1
23

.7
25

.3
38

.1
17

.9
18

.6
21

.9
A

ny
T

I
63

.8
64

.2
29

.2
40

.2
52

.4
41

.9
25

.0
35

.9
23

.8
42

.1
42

.6
P

er
so

na
l

ch
ar

ac
te

ri
st

ic
s

(%
)

A
ge

gr
ou

p
1–

4
ye

ar
s

47
.8

50
.2

48
.9

44
.9

51
.4

58
.1

41
.2

47
.4

54
.1

32
.2

48
.8

5–
9

ye
ar

s
52

.2
49

.8
51

.1
55

.1
48

.6
41

.9
58

.8
52

.6
45

.9
67

.8
51

.2
Se

x
M

al
e

51
.3

48
.4

52
.5

52
.4

48
.8

50
.2

48
.7

50
.7

42
.1

48
.8

49
.5

F
em

al
e

48
.7

51
.6

47
.5

47
.6

51
.2

49
.8

51
.3

49
.3

57
.9

51
.2

50
.5

C
hi

ld
re

n
w

it
h

un
cl

ea
n

fa
ce

s
(%

)
79

.6
81

.1
18

.1
68

.8
60

.8
67

.2
30

.0
51

.5
18

.9
19

.5
52

.3

N
um

be
r

of
ho

us
eh

ol
ds

41
6

26
2

34
3

34
1

26
0

40
9

24
2

24
8

40
5

28
7

3,
21

3
H

ou
se

ho
ld

ch
ar

ac
te

ri
st

ic
s

(%
)

H
ou

se
ho

ld
cr

ow
di

ng
<

5
m

em
be

rs
23

.8
32

.8
44

.6
39

.3
50

.8
16

.4
59

.1
71

.4
77

.3
67

.2
46

.6
6–

10
m

em
be

rs
64

.2
59

.2
51

.0
50

.7
45

.4
70

.4
37

.2
27

.4
22

.2
32

.1
47

.2
>

10
m

em
be

rs
12

.0
8.

0
4.

4
10

.0
3.

8
13

.2
3.

7
1.

2
0.

5
0.

7
6.

2
D

ai
ly

fa
ce

w
as

hi
ng

fr
eq

ue
nc

y
�

2
ti

m
es

57
.0

76
.0

80
.8

11
.7

44
.2

39
.1

45
.0

36
.3

46
.9

57
.5

49
.2

1
ti

m
e

40
.6

21
.8

17
.8

55
.1

50
.4

32
.3

53
.7

59
.7

52
.1

34
.5

41
.3

N
on

e
2.

4
2.

3
1.

5
33

.1
5.

4
28

.6
1.

2
4.

0
1.

0
8.

0
9.

5
W

at
er

ac
ce

ss
�

30
m

in
ut

es
55

.3
48

.9
52

.5
78

.3
77

.3
66

.7
89

.3
78

.6
54

.6
26

.8
61

.9
>

30
m

in
ut

es
44

.7
51

.1
47

.5
21

.7
22

.7
33

.3
10

.7
21

.4
45

.4
73

.2
38

.1
P

it
la

tr
in

e
Y

es
0.

2
2.

7
12

.2
4.

1
0

1.
5

26
.0

0
3.

5
0.

7
4.

6
N

o
99

.8
97

.3
87

.8
95

.9
10

0
98

.5
74

.0
10

0
96

.5
99

.3
95

.4
G

ar
ba

ge
di

sp
os

al
fr

om
ho

us
e

>
20

m
17

.5
53

.1
43

.4
26

.7
21

.2
25

.2
17

.8
5.

6
9.

1
41

.5
25

.6
�

20
m

82
.5

46
.9

56
.6

73
.3

78
.8

74
.8

82
.2

94
.4

90
.9

58
.5

74
.4

C
at

tl
e

ow
ne

rs
hi

p
N

o
4.

3
22

.5
42

.3
55

.7
0.

8
9.

5
95

.5
30

.6
52

.3
6.

3
30

.8
Y

es
95

.7
77

.5
57

.7
44

.3
99

.2
90

.5
4.

5
69

.4
47

.7
93

.7
69

.2
H

ou
se

ho
ld

fl
y

de
ns

it
y†

N
on

e
(0

)
23

.6
0.

5
26

.4
23

.0
17

.7
F

ew
fl

ie
s

(1
–4

)
51

.0
31

.5
61

.0
53

.0
48

.7
M

an
y

fl
ie

s
(�

5)
25

.4
68

.0
12

.6
24

.0
33

.6
*

T
F

,t
ra

ch
om

at
ou

s
in

fl
am

m
at

io
n-

fo
lli

cu
la

r;
T

I,
tr

ac
ho

m
at

ou
s

in
fl

am
m

at
io

n-
in

te
ns

e.
†

H
ou

se
ho

ld
fl

y
de

ns
it

y
as

se
ss

ed
in

4
st

ud
y

si
te

s
on

ly
:1

,4
44

ho
us

eh
ol

ds
w

it
h

3,
41

2
ch

ild
re

n
ag

ed
1–

9
ye

ar
s

in
cl

ud
ed

in
an

al
ys

is
.

NGONDI AND OTHERS128



of children in 90.5% of households reported washing chil-
dren’s faces one or more times per day. Reports of washing
children’s faces less than once per day were more common in
Boma and Mankien (33.1% and 28.6%, respectively). Over-
all, unclean face was associated with reported lower fre-
quency of face washing (OR � 2.1; 95% confidence interval
[CI] 1.7–2.6; Ptrend < 0.001). The overall proportion of house-
holds reporting water access within 30 minutes was 61.9%
(range, 26.8–89.3%). Pit latrines were observed in only 4.6%
of households, with no latrines at all observed in Kiech Kuon
or Tali. Overall, 25.6% (range, 5.6–53.1%) of households dis-
posed of garbage > 20 m away from the house. The propor-
tion of households reporting owning cattle was 69.2% (range,
4.5–99.2%). In four sites where fly density was recorded,
17.9% of 1,444 households had no flies while few (1–4) flies
and many (� 5) flies were observed in 48.7% and 33.6% of
households, respectively.

Association between severity of active trachoma signs and
risk factors. Results from univariate and multivariable ordinal
regression models are shown in Tables 2 and 3, respectively.
Univariate analysis showed that unclean face (OR � 5.2;
95% CI 4.5–5.9), household crowding (Ptrend < 0.001), less
frequent face washing (Ptrend < 0.001), absence of pit latrine
(OR � 2.3; 95% CI 1.6–3.3), cattle ownership (OR � 2.3;
95% CI 1.9–2.7), and increasing household fly density (Ptrend

< 0.001) were associated with increased relative odds of hav-
ing a more severe active trachoma sign (no TF, no TI; TF
only; and any TI); however, older age was associated with
decreased odds (OR � 0.7; 95% CI 0.6–0.8).

Two multivariable models were fitted: the first assessed
independent risk factors in all eligible children, and the sec-
ond assessed effects of household fly density adjusting for
variables found to be independent risk factors in the first
model (Table 3). Multivariable analysis showed that age
(OR � 0.8; 95% CI 0.7–0.9), unclean face (OR � 4.7; 95% CI
4.1–5.4), less frequent face washing (Ptrend � 0.002), cattle
ownership (OR � 1.8; 95% CI 1.6–2.2), and increasing house-
hold fly density (Ptrend � 0.002) were independent predictors
of increased odds of having a more severe active trachoma
sign after adjusting for the effects of the other covariates.
Sensitivity analysis by conventional logistic regression and
multinomial logistic regression revealed odds ratios consistent
with those presented in the ordinal analysis, and no new risk
factors became apparent (data not shown).

DISCUSSION

In this study, associations between risk factors and severity
of active trachoma signs were modeled using ordinal logistic
regression.17 In the WHO simplified scheme, active trachoma is

TABLE 2
Univariate ordinal logistic regression analysis of association between severity of active trachoma (no TF, no TI; TF only; any TI) and potential

risk factors*

Factor
No. of children

(n � 7,418)

Prevalence (%)

Odds ratio 95% CI P valueNo TF, no TI TF only Any TI

Age group (years)
1–4 3,620 32 23 45 1.0
5–9 3,798 39 21 40 0.7 0.6–0.8 < 0.001

Sex
Male 3,676 35 22 43 1.0
Female 3,742 36 22 42 0.9 0.8–1.1 0.283

Unclean face
No 3,541 52 20 28 1.0
Yes 3,877 21 24 56 5.2 4.5–5.9 < 0.001

Household crowding
1–5 2,570 40 21 39 1.0
6–10 3,982 33 23 44 1.5 1.3–1.8 < 0.001
> 10 866 31 21 48 1.7 1.3–2.3 < 0.001

Face washing frequency
� 2 times 3,697 38 22 39 1.0
1 time 2,922 33 22 45 1.4 1.2–1.6 < 0.001
None 799 32 18 51 1.9 1.5–2.5 < 0.001

Water access
� 30 minutes 4,631 36 23 42 1.0
> 30 minutes 2,787 35 20 44 1.1 0.9–1.3 0.296

Pit latrine
Yes 332 48 23 29 1.0
No 7,086 35 22 43 2.3 1.6–3.3 < 0.001

Garbage disposal
> 20 m 1,954 40 15 45 1.0
� 20 m 5,464 34 25 42 1.2 1.0–1.4 0.102

Cattle ownership
No 2,148 45 22 33 1.0
Yes 5,270 32 22 46 2.3 1.9–2.7 < 0.001

Household fly density†
None 524 59 14 27 1.0
Few (1–4) 1,573 49 19 32 1.6 1.1–2.1 0.005
Many (� 5) 1,315 37 22 41 3.1 2.2–4.3 < 0.001

* TF, trachomatous inflammation-follicular; TI, trachomatous inflammation-intense.
† Fly density: 1,444 households with 3,412 children aged 1–9 years included in analysis.
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graded as trachomatous inflammation-follicular (TF) or as
trachomatous inflammation-intense (TI). We used four argu-
ments from the existing literature to justify classifying TI as
being a more severe form of active trachoma than TF. Firstly,
pathogenesis of trachoma is initially characterized by lym-
phoid follicles (stage TF), whereas papillary hypertrophy
(stage TI) is seen with advancing severity.6 Secondly, partici-
pants seen in longitudinal studies with persistent TI are more
likely to progress to scarring (stage TS) than those with
only TF.8 Thirdly, patients with TI are more likely to provide
ocular swabs positive for C. trachomatis than those with TF.9

And fourthly, patients with TI provide ocular swabs that have
a greater quantifiable load of C. trachomatis than those with
TF.10,11 Therefore, we used ordinal logistic regression, where
TI was considered more severe than TF, which in turn is a
more severe sign of trachoma than a normal conjunctiva. The
method does not assume that TF causes TI or that the rela-
tionship between the three orders (normal, TF only, and any
TI) is linear.

Ordinal logistic regression has advantages over the conven-
tional logistic regression models that have been used previ-
ously. Earlier studies evaluating risk factors for active tra-
choma signs have either conducted subgroup analysis of di-
chotomous outcomes “TF or not” and “TI or not,” or have
grouped TF and TI together as a single outcome “active tra-
choma or not.” These approaches have been accepted but
have limitations that do not allow full exploitation of the
information in the available data. Individuals may have both
TF and TI at the same time, such that using dichotomous
outcomes introduces multiple hypotheses testing in overlap-
ping subgroups of the sample. Dichotomization of the out-
comes is a data reduction technique and yields an odds ratio
that may not represent the true relationship between the two
active trachoma grades and the risk factors. Use of ordinal
logistic regression produces a single summary of effect esti-
mate over both levels of active trachoma signs, which is more
precise.

Although more precise than previous risk-factor analyses
for active trachoma, the results of our study are consistent
with the existing literature.1–3 Factors independently associ-
ated with severity of active trachoma signs were young age,
unclean face, face washing less than twice daily, household
cattle ownership, and a high household fly density. These
findings provide essential baseline data that can be used in the
design of interventions and specific activities relevant to
southern Sudan. Unclean face and young age were the most
important risk factors in our study. Interventions designed to

improve facial cleanliness in children under 5 years of age
should be implemented. These should probably focus on be-
havior change promoting face washing among mothers and
the older children (who are also caregivers) and on changing
attitudes to facial cleanliness among men and the decision
makers. Village-based health education can be effective in
increasing the prevalence of clean faces in children but is
likely to be undermined if water is scarce.18 Water was gen-
erally accessible within a 30-minute round-trip in five of the
ten locations surveyed and for 60% of the households overall,
indicating that the ways in which water is used may be more
important than its availability. This has also been observed in
The Gambia19 and Tanzania20,21 and should be amenable to
change with health education. In locations where water is
scarce, the program will need to promote face washing with
small quantities of water22 and to advocate for provision of
water.

Our study also found independent associations between se-
verity of active trachoma signs with cattle ownership and
household fly density. The high prevalence of flies docu-
mented in this study is likely to be a result of people living in
close proximity with cattle and the very low access to latrines
(less than one in 20 households overall). In the absence of
latrines, the usual method of human feces disposal is open
defecation in the bush between households and surrounding
the villages. Human feces and, to a lesser extent, cattle dung
are known to be the preferred breeding media for the fly
vector of trachoma, Musca sorbens.23,24 In addition, anecdotal
evidence suggests that people who keep cattle close to the
house dispose of human feces in the cattle pens, thus provid-
ing a favorable breeding environment for of M. sorbens. Use
of pit latrines and improving sanitary conditions in areas
shared by cattle and humans are likely to have a great impact
in reducing fly-mediated transmission of trachoma.2 Low so-
cioeconomic status has been associated with active trachoma
in risk-factor analyses conducted in many trachoma-endemic
countries, including Malawi,25 Ethiopia,26,27 Brazil,28 and Ne-
pal.29 The communities surveyed in this study from southern
Sudan were characterized by extreme poverty, with > 90% of
the population living on < 1 USD per day.5

Although the risk factors for trachoma are considered in-
dividually in this study, in practice, the complex interplay of
these determinants is responsible for creating the overall epi-
demiologic environment conducive for hyperendemic blind-
ing trachoma. Our results suggest that in southern Sudan,
trachoma transmission is a function of poor facial hygiene,
poor environmental sanitation, eye-seeking flies, and the high

TABLE 3
Multivariable ordinal logistic regression analysis of risk factors for severity of active trachoma (no TF, no TI; TF only; any TI) adjusted for sex*

Model† Factor Odds ratio 95% CI P value

I. All eligible children Age group (5–9 years) 0.8 0.7–0.9 < 0.001
Unclean face 4.7 4.1–5.4 < 0.001
Face washing (1 time) 1.3 1.1–1.5 Ptrend � 0.002
Face washing (none) 1.3 1.0–1.6
Cattle ownership 1.8 1.6–2.2 < 0.001

II. Household fly density Few flies 1.3 1.0–1.8 Ptrend � 0.002
Many flies 1.7 1.2–2.4

* TF, trachomatous inflammation-follicular; TI, trachomatous inflammation-intense.
† Model I assessed independent risk factors in 7,418 children of age 1–9 years. Model II assessed effect of household fly density in 3,412 children adjusting for the effects of age, sex, unclean

face, face washing and cattle ownership.
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number of children with TI who form a formidable reservoir
of infection. However, the relative attributable risks of trans-
mission for each factor cannot be estimated. Further socio-
logical studies would allow enhanced understanding of local
customs, beliefs, practices, and circumstances as well as iden-
tification of possible barriers and solutions to poor facial hy-
giene and environmental sanitation in this population. How-
ever, delivery of the full SAFE strategy for trachoma control,
which uses surgery to prevent vision loss due to trichiasis,
antibiotics to reduce the community chlamydial load, hygiene
promotion and health education to increase facial cleanliness
and participation in antibiotic distribution, and provision of
water and sanitation as the hardware to enhance hygiene and
reduce eye-seeking flies, could be expected to be effective
without further research.
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