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Background: Trachoma is a public health problem in Zambia. We aimed to estimate the prevalence of tra- 
chomatous inflammation—follicular (TF) in 1–9-y-olds and of trachomatous trichiasis (TT) in ≥15-y-olds after 
the implementation of trachoma elimination interventions to determine if the trachoma elimination thresholds 
have been achieved: < 5% for TF in 1–9-y-olds and < 0.2% TT for ≥15-y-olds. 
Methods: Two rounds of impact prevalence surveys in two evaluation units (EUs) comprising four districts of 
Western Province were conducted; the first in 2018, the second in 2023. All individuals aged 1–9 and ≥15 y from 

30 households of 24 clusters in each EU were examined for trachoma. Data were captured electronically. 

Results: In 2018, TF prevalence in 1–9-y-olds was 13.9% in Kalabo/Sikongo and 17.9% in Shang’ombo/Sioma. 
Following further interventions, TF prevalence among 1–9-y-olds in 2023 was 7.7% and 12.5%, respectively. TT 
prevalences in ≥15-y-olds were 0.10% and 0.79% in 2018, and 0.4% and 0.2% in 2023, respectively. 

Conclusions: These EUs did not attain trachoma elimination thresholds as a public health problem. They fulfilled 
the WHO definition for persistent trachoma. Therefore, they warrant further investigation, including collection 
of Chlamydia trachomatis infection data, to inform future programmatic decision-making. Further TT surgical 
services are also needed. 

Keywords: impact survey, mass drug administration, persistence, SAFE strategy, trachoma, trichiasis. 
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rent ocular C. trachomatis infection.3 As part of the evidence re- 
quired to be validated by the WHO as having eliminated trachoma 
as a public health problem, a country must demonstrate that 
the prevalence of trachomatous inflammation—follicular (TF, a 
clinical marker of ocular C. trachomatis infection) in 1–9-y-old 
children (TF1–9) is < 5% in each formerly endemic district, and 
the prevalence of trachomatous trichiasis (TT, the late stage of 
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lobally, trachoma is the most common infectious cause of 
lindness.1 It is caused by certain serovars of Chlamydia tra- 
homatis , an intracellular bacterium.2 In April 2024, trachoma re- 
ained a public health problem in 39 countries globally, with 103 
illion individuals living in areas where they were at risk of recur- 
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Table 1. Baseline trachomatous inflammation—follicular (TF) prevalence among 1–9-y-olds and estimated antibiotic mass drug administration 
(MDA) coverage (number of individuals treated/estimated population from most recent census), Western Province, Zambia 

Estimated coverage and year in which MDA was conducted 

District 
Year of baseline 

survey 
Baseline TF 

prevalence (%) 2015 2016 2017 2018 2021 2022 

Kalabo 2012 42.1 ** 89% 96% 99% Trachoma 
impact 
survey 

73% 88% 84% 

Sikongo 131% 83% 107% 106% 88% 

Shang’ombo 2012 15.2 *** 136% 70% 93% 74% 101% 83% 

Sioma 79% 73% 75% 94% 86% 

** MDA coverage before Sikongo was split from Kalabo. 
*** MDA coverage before Sioma was split from Shang’ombo. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the disease where eyelashes from the upper eyelid touch the eye-
ball) unknown to the health system in adults aged ≥15 y is < 0.2%
in each formerly endemic district.4 
Africa continues to be both the continent most severely

afflicted with trachoma and the home of the greatest control ef-
forts. The WHO-recommended strategy for trachoma elimination
is known as ‘SAFE’: Surgery for TT; Antibiotics to treat C. trachoma-
tis infection, usually implemented as mass drug administration
(MDA); Facial cleanliness and Environmental improvement to
limit transmission. Surveys to determine the prevalence of
trachoma, and interventions to eliminate trachoma, are usu-
ally implemented at the evaluation unit (EU) level. EUs are
generally equivalent to districts, and for trachoma elimination
purposes, the WHO defines them as ‘the normal administrative
unit for health care management, consisting of a population
unit between 100 000–250 000 persons’.4 Baseline surveys are
conducted to determine if interventions are needed (if TF1–9 is
≥5%), impact surveys are conducted 6–12 mo following the last
planned MDA round to determine if the elimination threshold
(TF1–9 < 5%) has been reached, and surveillance surveys are
performed at least 2 y after an impact survey to demonstrate
TF1–9 < 5% has been sustained in the absence of MDA.5 
Since 2007, the Zambian Ministry of Health has effectively im-

plemented the SAFE strategy approach to eliminate trachoma,6 
resulting in a decrease in the number of districts affected by the
disease from 56 to 15. In Western Province, baseline surveys were
conducted in 2012, which resulted in six annual antibiotic MDA
rounds (Table 1 ). For TT management, full geographic coverage7 
has been conducted in Shang’ombo and Sioma. To inform the
next steps, we conducted impact surveys in Kalabo, Shang’ombo,
Sikongo and Sioma post-MDA to determine whether the TF and TT
elimination prevalence thresholds had been met. 

Materials and methods 
Study sites 
Two impact survey rounds were conducted in the districts of Kal-
abo, Sikongo, Shang’ombo and Sioma, grouped as two EUs: the
first round was carried out in 2018, and the second in 2023. 
 

2

Survey design 
The surveys utilised a three-stage cross-sectional approach,
which involved sampling wards within EUs, clusters within wards
and households within clusters. Wards, which have well-defined
geopolitical boundaries, population sizes and structures, were
considered as the most basic administrative unit in the district. 

Population 
The target populations of the surveyed districts were as shown in
Table 2 . 

Sample size calculation 
The required sample size was computed using the single popula-
tion proportion for precision formula: n = DEFF × (z2 x p(1-p)/c2 )
x e, where DEFF (2.63) is the design effect; z (1.96) is the SD cor-
responding to 95% CIs; p (4%) is the expected prevalence; c (2) is
the absolute precision; and e (1.2) is an inflation factor to account
for non-response. Computing these values gave a sample size (n)
of 1164 children aged 1–9 y in each EU to be enumerated. The TT-
only sample size was not calculated as this survey was powered
to detect the TF prevalence in 1–9-y-olds.8 

Determination of the number of clusters in each EU 

To calculate the required number of clusters for each EU, the total
number of targeted children aged 1–9 y was divided by the aver-
age number of households that a team can comfortably survey
per day (30) multiplied by the average number of 1–9-y-olds per
household. The estimated mean number of 1–9-y-olds in Zam-
bian families is 1.63. Consequently, a total of 24 clusters were
required for each EU (1164/(30 ×1.63)). 

Sampling of wards and clusters 
Selection of the clusters was performed using a two-stage sam-
pling technique. First, wards were selected with probability pro-
portional to population size (PPS) (i.e. the wards were chosen with
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Table 2. Evaluation unit (EU) formation and population sizes for trachoma impact surveys conducted in Western Province, Zambia 

Evaluation Unit (EU) District 
District 

population a 
Total EU 

population a 
Population of 
1–9-y-olds 

Number of 
wards 

Number of 
clusters 

Kalabo/Sikongo Kalabo 32 643 75 191 10 772 8 24 
Sikongo 42 548 18 645 12 

Shang’ombo/Sioma Shang’ombo 51 818 102 591 21 762 10 24 
Sioma 50 773 17 729 10 

a Source: Zambia Statistics Agency (2011). 
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 probability proportionate to their population size), using sys- 
ematic sampling.9 Second, within selected wards, clusters were 
gain selected using PPS. The allocation of clusters to each ward 
n a given district was equally based on PPS, that is, wards with 
arger population sizes were allocated more clusters (proportional 
o the population size of the ward). Third, the selection of house- 
olds in each cluster was performed by utilising the compact 
egmentation method. The clusters were divided into segments 
y dividing the total number of households by 30. The lottery 
ethod was used to sample the final segment where 30 house- 
olds were sampled.8 –10 

raining of survey teams 
raining of graders and recorders was conducted over 5 d, 
sing the system described in the then-current Tropical Data 
raining Manual.11 , 12 Each survey team consisted of a grader, 
 data recorder, a driver and a local guide. For the 2018 sur- 
eys, graders were required to pass an inter-grader agreement 
IGA) test with a kappa score of ≥0.7 for the diagnosis of TF 
gainst a reference grader; first on a set of 50 photographs, sec- 
nd by grading 50 children in the field. For the 2023 surveys, 
raders underwent a series of three classroom tests: (i) a folli- 
le identification test; (ii) classroom photo-based IGA tests; and 
iii) Classroom Objective Structured Clinical Examinations (OSCEs) 
f examination techniques. They then conducted a field-based 
SCE. In addition, graders were trained on TT case identifica- 
ion. For the 2018 surveys, there was no assessment for TT grad- 
ng; for the 2023 surveys, TT grading was assessed using an 
SCE. IGAs to assess TT grading are not possible due to the 
arity of TT cases. Recorders were trained to accurately record 
ousehold and individual examination data in Android smart- 
hones based on the Tropical data application, and required to 
ass a recorder reliability test. The Tropical Data application is 
 customised version of Open Data Kit, accessible at no cost 
n the Google Play Store ( https://play.google.com/store/apps/
etails?id=com.tropicaldata.collect.android). Successful graders 
nd recorders then practised working together, before becoming 
urvey team members. Teams were supervised in the field by an 
phthalmologist, who spent a minimum of 1 d with each survey 
eam per week to provide hands-on technical support. 
ata collection 
rior to participation, each participant was provided with compre- 
ensive material that was read to them in their local language. 
dult household members granted verbal consent on behalf of 
ndividuals aged < 18 y, and for inspection of the latrines and 
andwashing facilities. Consent for examination was recorded on 
ndroid smartphones. 
All data were elec tronically collec ted using the Tropical Data 
pen Data Kit application ( https://tropicaldata.knowledgeowl.
om/help). The data collected were stored on the smartphone’s 
nternal memory until internet connectivity was established, at 
hich point they were uploaded to a Cloud-based server accessi- 
le 24/7 only by selected staff members of the Ministry of Health. 
ata were accessible via the password-protected Tropical Data 
ebsite ( https://www.tropicaldata.org/projects). The Ministry of 
ealth possessed, verified and endorsed the collection and qual- 
ty of data. 
Household Global Positioning System coordinates were col- 

ected. Data were collected on access to drinking water sources 
nd latrines. 
All individuals aged ≥1 y, resident in a selected household 

t the time of the study, were eligible for eye examination. The 
rader looked for signs of active trachoma (TF and/or trachoma- 
ous inflammation—intense), trichiasis and trachomatous scar- 
ing in those with trichiasis.13 In the 2023 surveys, trichiasis was 
ecorded separately for the upper and lower eyelids, and the 
rader counted the number of eyelashes touching the eyeball 
nd the number of eyelashes epilated (recent epilation) from the 
ffected eye, and reported the count to the recorder. The grader 
sed 2.5 × magnifying binocular loupes, and sunlight or a torch 
or illumination. In the 2023 surveys, follicle size guides were used 
o aid the diagnosis of TF.14 
Individuals identified as having trichiasis were asked addi- 

ional questions to explore their access to information and ser- 
ice for TT surgery, to determine whether the TT was known to 
he health system. The definition of a health worker in Zambia 
or the TT management questions was any person engaged in the 
romotion, protection or improvement of the health of the popu- 
ation. In the 2023 surveys, to confirm the response to the health 
anagement questions, the grader also looked for evidence of a 
urgical scar and had subsequent discussions with the participant 
o confirm TT management status.8 
3

https://play.google.com/store/apps/details?id=com.tropicaldata.collect.android
https://tropicaldata.knowledgeowl.com/help
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Statistical analysis 
The Ministry of Health approved data management support from
Tropical Data. The data were analysed using the Tropical Data
methodology as applied in trachoma prevalence surveys8 , 15 in R.
Briefly, EU-level TF1–9 was calculated as the mean of cluster-level
proportions adjusted for age in 1-y bands against the most recent
census. The TT prevalence in those aged ≥15 y was calculated in
a similar manner, but adjusted for gender and age in 5-y bands. 

Results 
Of the 4383 children aged 1–9 y enumerated, 4297 (98%)
were examined (Table 3 ). Of 6034 adults aged ≥15 y enumer-
ated, 5654 (95%) were examined. The prevalence of TF1–9 in
Shang’ombo/Sioma was 17.9% (95% CI 12.6 to 22.6%) in 2018
and 12.5% (95% CI 8.3 to 17.2%) in 2023. In Kalabo/Sikongo TF1–
9 was 13.9% (95% CI 8.8 to 20.7%) in 2018 and 7.7% (95% CI 4.4
to 11.9%) in 2023. 
The prevalence of TT unknown to the health system in those

aged ≥15 y was 0.8% (95% CI 0.5 to 1.2%) in 2018 and 0.2%
(95% CI 0.1 to 0.5%) in 2023 for Shang’ombo/Sioma; and 0.1
(95% CI 0.0 to 0.2%) and 0.4 (95% CI 0.1 to 0.9%) in 2018 and
2023, respectively, for Kalabo/Sikongo (Table 3 ). 
In both EUs at both timepoints, < 50% of households had ac-

cess to drinking water within 30 min of the house, and only about
1% had access to a latrine (Table 3 ). 

Discussion 

In these trachoma impact surveys of two EUs, covering four dis-
tricts of Western Province, Zambia, the prevalence thresholds for
trachoma elimination have not been met: TF1–9 remains ≥5%
and TT unknown to the health system ≥0.2% (except for the 2018
estimate in Kalabo/Sikongo, where TT was 0.1%). This finding is
despite six MDA rounds of azithromycin, with the most recent
(2022) average MDA coverage in these districts of 85%. The deci-
sion to implement six MDA rounds was based on the finding that
TF prevalence estimates were > 10% at both the baseline sur-
veys and the subsequent impact surveys, and with reference to
relevant WHO recommendations (the WHO recommends imple-
menting three rounds of antibiotic MDA in areas where the preva-
lence of TF among 1–9-y-olds is 10% to 30%;10 and the minimum
treatment coverage should be 80%16 ). 
To address trachoma elimination challenges, the Western

Provincial Health Office (WPHO) is employing the WHO-endorsed
SAFE strategy using multisectoral interventions. This includes sur-
gical intervention for TT with the WPHO conducting TT surgical
outreach visits; further antibiotic MDA rounds with azithromycin,
provided by Pfizer for elimination programmes via the Interna-
tional Trachoma Initiative; maintenance of facial cleanliness; and
improvements to the environment, particularly in access to water
and sanitation.17 , 18 
In general, Zambia has made significant progress towards tra-

choma elimination, reducing the number of endemic districts
from 56 to 15 from 2007 to 2023.19 The ongoing existence of
trachoma as a public health problem in the Western Province is
4

consistent with the experiences of several other countries that
have employed the SAFE strategy but not always achieving de-
sired outcomes.20 A WHO informal consultation held in Decem-
ber 2021 specifically addressed this issue of EUs failing to reach
or sustain TF1–9 below the 5% elimination prevalence threshold.
The following definitions were agreed: an EU with persistent ac-
tive trachoma is one in which at least two impact surveys have
TF1–9 ≥5% and have never had a survey with TF1–9 < 5%; an EU
with recrudescent active trachoma is one in which at least one
surveillance survey estimates a TF1–9 ≥5%.21 Using this defini-
tion, Kalabo, Sikongo, Shang’ombo and Sioma districts have per-
sistent active trachoma and may delay Zambia from joining the
21 countries that the WHO had validated as having eliminated
trachoma as a public health problem by November 2024.22 
What underlies the phenomenon of persistent active tra-

choma? A variety of factors could contribute, including incom-
plete or incorrect implementation of the SAFE strategy, resistance
of C. trachomatis to the antibiotics given as part of MDA and fail-
ure to control transmission through the F&E components of the
SAFE strategy. Although the most recent MDA coverage in these
districts ranged from 83% to 88%, inadequate antibiotic cov-
erage could be one of the factors that led to persistent active
trachoma in this setting. There is limited evidence for 80% be-
ing a biologically relevant threshold for effective coverage.23 An
additional challenge for both maximising and estimating cover-
age is incomplete knowledge of the size and distribution of the
population. This is an issue for every community-based public
health programme. The latrines and handwashing facility find-
ings from the 2018 and 2023 surveys in Western Province indi-
cate some improvements in water access but continued chal-
lenges with sanitation. Although effective implementation of
the F&E components to limit C. trachomatis transmission is also
problematic, given the weakness of the evidence base for these
interventions,24 , 25 it is important for the WPHO, local authorities
and partners to continue lobbying and playing a leading role in
the implementation of multisectoral water, sanitation and hy-
giene interventions.26 , 27 
Relying solely on standard roll-out of antibiotic MDA and

knowledge dissemination on facial cleanliness and environmen-
tal improvement is not always adequate to guarantee the long-
term viability of active trachoma elimination.28 The persistence
of active trachoma should be seen as a reminder to not rely on
medical techniques alone, as the resources dedicated to prevent-
ing blindness are limited. To address the challenge, the WPHO
is setting out to undertake evidence-based research to improve
the SAFE strategy, particularly by enhancing surgical quality, op-
timising antibiotic MDA, knowledge, attitude and practice sur-
veys, as well as multisectoral investment in water, sanitation and
hygiene.29 A more thorough comprehension of the strategies for
improving sanitation, hygiene and environmental conditions is
undoubtedly a pressing requirement.30 For EUs with persistent ac-
tive trachoma, global evidence-based recommendations are also
needed on whether to continue with annual MDA, increase the
frequency of MDA to more than once a year, or adopt the cau-
tious approach of monitoring the situation before taking further
action; the research planned in Zambia can contribute to this ev-
idence base. 
Given the declines in specificity of TF as a marker of conjunc-

tival C. trachomatis infection after A, F and E interventions have

sdblehar
Cross-Out
When abbreviated, WHO does not take the article "the"

sdblehar
Cross-Out
When abbreviated, WHO does not take the article "the"

sdblehar
Comment on Text
This should be reference 9



International Health

Ta
bl
e 
3.
 
Po
st
in
te
rv
en
tio
n 
pr
ev
al
en
ce

 
of

 
tr
ac
ho
m
at
ou
s 
in
fla
m
m
at
io
n—

fo
lli
cu
la
r (
TF
) i
n 
1–
9-
y-
ol
ds

 
an
d 
tr
ac
ho
m
at
ou
s 
tr
ic
hi
as
is
 
(T
T)

 
un
kn
ow
n 
to

 
th
e 
he
al
th

 
sy
st
em

 
in
 
≥1
5-
y-
ol
ds
, 

an
d 
pr
op
or
tio
n 
of

 
ho
us
eh
ol
ds

 
w
ith

 
w
at
er
, s
an
ita
tio
n 
an
d 
hy
gi
en
e 
ac
ce
ss

 

Di
st
ric
t (
ye
ar
) 

N
um

be
r o
f 

ho
us
e 
ho
ld
s 

N
um

be
r o
f 

1–
9-
y-
ol
ds

 

en
um

er
at
ed

 

N
um

be
r o
f 

1–
9-
y-
ol
ds

 

ex
am

in
ed

 

N
um

be
r o
f 

ad
ul
ts
 

en
um

er
at
ed

 

N
um

be
r o
f 

ad
ul
ts
 

ex
am

in
ed

 

TF
 
pr
ev
al
en
ce

 

(9
5%

 
CI
) 

TT
 
un
kn
ow
n 
to

 
th
e 

he
al
th

 
sy
st
em

 

pr
ev
al
en
ce

 
(9
5%

 
CI
) 

Pr
op
or
tio
n 
of

 

ho
us
eh
ol
ds

 
w
ith

 

an
 
im
pr
ov
ed

 

dr
in
ki
ng

 
w
at
er

 

so
ur
ce

 
w
ith
in
 
30

 

m
in
 
of

 
th
e 

ho
us
e 
(%
) 

Pr
op
or
tio
n 
of

 

ho
us
eh
ol
ds

 

w
ith

 
an

 

im
pr
ov
ed

 

la
tr
in
e 
(%
) 

Sh
an
g’
om

bo
/S
io
m
a 

(2
01
8*
**
 

) 
74
2 

12
29

 
12
00

 
15
38

 
14
40

 
17
.9
 
(1
2.
6 
to

 
22
.6
) 

0.
8 
(0
.5
 
to

 
1.
2)

 
25
.9
 

0.
4 

Ka
la
bo
/S
ik
on
go

 

(2
01
8*
**
 

) 
75
0 

11
13

 
10
98

 
15
28

 
14
63

 
13
.9
 
(8
.8
 
to

 
20
.7
) 

0.
1 
(0
.0
 
to

 
0.
2)

 
34
.4
 

1.
7 

Sh
an
g’
om

bo
/S
io
m
a 

(2
02
3*
**
 

) 
71
9 

99
5 

97
9 

14
88

 
13
95

 
12
.5
 
(8
.3
 
to

 
17
.2
) 

0.
2 
(0
.1
 
to

 
0.
5)

 
42
.3
 

0.
3 

Ka
la
bo
/S
ik
on
go

 

(2
02
3*
**
 

) 
72
0 

10
46

 
10
20

 
14
80

 
13
56

 
7.
7 
(4
.4
 
to

 
11
.9
) 

0.
4 
(0
.1
 
to

 
0.
9)

 
43
.1
 

1.
3 

**
* T
ro
pi
ca
l D
at
a 
m
et
ho
do
lo
gy
. 

TT
 
un
kn
ow
n 
to

 
th
e 
he
al
th

 
sy
st
em

 
fo
r t
he

 
ev
al
ua
tio
n 
un
it 
su
rv
ey
ed

 
in
 
20
18

 
w
as

 
de
fin
ed

 
as

 
tr
ic
hi
as
is
 
of

 
th
e 
up
pe
r a
nd
/o
r l
ow
er

 
ey
el
id
, w
he
re
as

 
TT

 
un
kn
ow
n 
to

 
th
e 
he
al
th

 
sy
st
em

 

in
 
th
e 
20
23

 
su
rv
ey
s 
w
as

 
de
fin
ed

 
as

 
tr
ic
hi
as
is
 
of

 
up
pe
r e
ye
lid

 
on
ly
. 

5

sdblehar
Inserted Text
Include hyphen after "post", so it appears as:"Post-intervention"

sdblehar
Cross-Out
This can be deleted, as all the surveys were done with Tropical Data methodology

sdblehar
Cross-Out

sdblehar
Cross-Out

sdblehar
Cross-Out

sdblehar
Cross-Out



C. Mwale et al.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

commenced,31 , 32 ensuring that these interventions are indicated
for trachoma elimination purposes is also important. For this rea-
son, the next round of investigations in Zambia will be enhanced
trachoma impact surveys, which include collection of dried blood
spots and conjunctival swab samples for serology and C. tra-
chomatis nucleic acid amplification testing (NAAT), respectively.
Serology and NAAT are helpful in allowing inference about the
true trachoma transmission intensity33 , 34 and are likely to be in-
creasingly employed by national programmes.21 

Conclusion
These EUs did not attain trachoma elimination thresholds as a
public health problem. They fulfilled the WHO’s definition for per-
sistent trachoma. Therefore, they warrant further investigation,
including collection of C. trachomatis infection data, to inform fu-
ture programmatic decision-making. Further TT surgical services
are also needed. 
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