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Background: As countries reach the trachoma elimination threshold and cases of trachomatous inflammation 
follicular (TF) become rare, it becomes difficult to train survey graders to recognize clinical signs. We assess the 
use of photography as a grading tool, the efficiency of an in-country grading center and the comparability of 
field and photographic grading. 

Methods: During January–February 2017 surveys in Amhara, Ethiopia, field graders assessed TF, trachomatous 
inflammation intense (TI) and trachomatous scarring (TS). Photographs were taken from each conjunctiva and 
later graded at the Gondar Grading Center (GGC) at the University of Gondar in Amhara. Two trained ophthalmol- 
ogy residents graded each set of photographs and a third grader provided an adjudicating grade when needed. 

Results: A total of 4953 photographs of 2477 conjunctivae from 1241 participants in 10 communities were 
graded over 5 d at the GGC. Six examined participants were not photographed. Agreement between field and 
photographic grades were for TF: percent agreement (PA) 96.7%, κ= 0.70 (95% confidence interval [CI] 0.64 to 
0.77; for TI: PA 94.7%, κ= 0.32 (95% CI 0.20 to 0.43); and for TS: PA 83.5%, κ= 0.22 (95% CI 0.15 to 0.29). 

Conclusions: Conjunctival photography may be a solution for programs near the elimination threshold where 
there are few available community cases for training field graders. 
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Grader training currently includes both photograph review 

tests and field reliability examinations, where graders can 
observe TF and other signs of trachoma among children living 
in trachoma-endemic communities. Frequent standardization 
of trachoma graders prior to surveys is important as disagree- 
ments exist in grading, even among experienced graders, 
including for TF and trachomatous inflammation intense (TI) 
signs. 3 Training graders to recognize these clinical signs will be 
more difficult as countries reach the threshold ( < 5% TF) for 
trachoma elimination as a public health problem and avail- 
able community-based TF cases from which to certify graders 
become scarce. Conjunctival photography could be a solution for 
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rachoma is caused by the bacterium Chlamydia trachomatis and 
s the leading infectious cause of blindness worldwide. 1 Trachoma 
revalence is currently determined through in-person conjunc- 
ival examinations within population-based surveys. Typically, 
rained and certified trachoma graders examine individuals using 
he World Health Organization’s (WHO) simplified trachoma sys- 
em, including trachomatous inflammation follicular (TF) among 
hildren ages 1–9 y. 2 The prevalence of TF in this age group deter- 
ines whether and how many years of mass drug administration 
MDA) with antibiotics are needed for a given area or district. 
The Author(s) 2022. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene. This is an Open Access 
rticle distributed under the terms of the Creative Commons Attribution-NonCommercial License ( https:// creativecommons.org/ licenses/ 
y-nc/ 4.0/ ), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. 
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grader training and possibly a substitute for field grading in these
settings. 
Conjunctival photographs have been increasingly utilized as

part of trachoma research to validate the quality of field grad-
ing assessments and to train field graders. 4–6 However, more
data are needed on the feasibility of including photographic grad-
ing in large-scale trachoma surveys as part of programmatic
monitoring. This study aimed to assess the feasibility of taking
photographs alongside field grading, the effectiveness of an in-
country grading center and the comparability of field and photo-
graphic grading within standard programmatic trachoma surveys
in the Amhara region of Ethiopia. 

Methods 
Ethical considerations 
Survey methods conformed to the tenets of the Declaration of
Helsinki. Ethical approval for the study was obtained from the
Institutional Review Boards of Emory University (Atlanta, GA, USA;
protocol number 079-2006) and the Amhara Regional Health
Bureau (Amhara, Ethiopia). Verbal informed consent in Amharic
was obtained before any grading or photography. Because of
the high illiteracy rate, special permission was granted by review
boards for verbal informed consent and assent among study
participants. 

Surveys and field grading 
Photographic grading occurred alongside trachoma impact sur-
veys, which were conducted following 1–5 y of the surgery,
antibiotics, facial cleanliness, and environmental improvements
(SAFE) strategy for trachoma control. 7 Data for this study were
taken from the surveys conducted in January and February 2017.
The methodology for these district-level surveys have been pub-
lished previously. Briefly, a multistage cluster random sampling
methodology was used, whereby villages were selected as clus-
ters. 7 , 8 Upon arrival in the village, community leaders assisted
with the second selection stage by randomly choosing segments
of households to be surveyed. Individuals in all households in
selected segments were eligible for trachoma examination. Upon
receiving consent, conjunctival examinations were conducted for
each eye of each present household member and results were
recorded electronically as the field grade. 7 , 8 
All field graders were certified through comprehensive train-

ing, consisting of a photographic slide examination using a stan-
dardized 50 slide set and a field grade reliability examination. 7
When compared with a consensus grade of three expert graders,
only those trainees who achieved a κ > 0.7 for TF were eligible
to participate as survey team graders. Field graders examined
participants with the WHO simplified trachoma grading system
using 2.5 × binocular magnification loupes with illumination. 2 Of
the four certified field graders selected for the photography study,
two had previous experience working on trachoma surveys and
two were first-time graders. 

Photography 
A single photographer worked alongside the four graders over
the course of the study, with the goal of collecting conjunctival
112 
photographs of all individuals within 10 selected clusters. The
photographer was deployed with each grader based on daily and
weekly survey logistics and therefore cluster selection could be
considered unbiased with respect to the cluster-level trachoma
burden. The field photographer was trained in conjunctival pho-
tography by an experienced photographer who participated in
previous trachoma clinical trials. 9 Training consisted of instruc-
tion and field practice. A minimum of 1000 practice conjunctival
photographs were taken before the surveys began. 
Photographs were taken using a Canon EOS 60D in M mode

(manual exposure) and a Canon EF 100 mm f/2.8 macro USM lens.
The aperture was f/18, shutter speed was 1/100 s and ISO was
400. 
Conjunctival photographs were taken of both eyes of all indi-

viduals in selected clusters. Following field grading, the grader
kept the conjunctiva everted for photography and provided light
on the conjunctiva if needed. The photographer took a minimum
of two photographs of each eye, beginning with the right. If
photographs were deemed to be of poor or ungradable quality
at the time, more photographs were taken. 

Grading center and photographic grading 
Conjunctival photographs were graded in the newly established
Gondar Grading Center (GGC) at the University of Gondar, Gondar,
Amhara, Ethiopia. Two Hewlett-Packard ProBook computers with
external monitors (27-in. Quad HD 2560 ×1440) were used at
the GGC to assess photographs. Images were viewed on full-
brightness settings; no other changes were made to the dis-
play settings. Windows were shaded and the lights turned off
to reduce glare and other impediments to photograph viewing.
The software used for grading was adapted from a previous ran-
domized controlled trial. 10 A custom-built database was used to
manage photographs and data and a custom data entry form
was developed for graders to record conjunctivae grades. 
The six individuals who took part in the photograph grader

training were ophthalmology residents at the University of
Gondar with background knowledge of trachoma. A 3-d training
was conducted at the GGC and included lectures and exercises
and concluded with a photographic grading certification exam
conducted by an ophthalmologist (J.D.K.). To be included as a
photograph grader for this study, trainees were required to com-
plete the workshop and pass with a κ of 0.6 relative to the con-
sensus grade of a panel of three expert graders who were oph-
thalmologists with significant experience in trachoma studies. 11 
Trainees graded 400 prac tice conjunc tival photographs before
grading study photographs. All six graders passed the exam. 
During 1–5 November 2019, five trachoma graders assessed

photographs for the presence of TF, TI or trachomatous scarring
(TS) using the WHO simplified grading system. Three photograph
graders were assigned to one grading computer and two were
assigned to another. Each computer was loaded with every pair
of conjunctival photographs in random order, which were then
graded by one of that computer’s graders. Pairs of photographs
for each eye were displayed together and magnified 2.5 × for
grading. Graders were masked to both the field grade as well
as the photographic grades of the second eye belonging to the
participant in the photograph. 
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Table 1. Sample size among individuals providing field grades and 
conjunctival photographs, Amhara, Ethiopia, 2017 

Characteristics Field grading, n Photographic grading, n 

Sex 
Male 487 490 
Female 739 739 
Missing 5 12 

Age range (years) 
1–9 413 413 
10–19 177 176 
20–29 133 134 
30–39 152 152 
40–49 134 134 
50–59 86 87 
≥60 136 141 
Missing 0 4 

Total 1231 1241 

Table 2. Comparison between two initial photographic grades and 
final photographic grade for three trachoma clinical signs, Amhara, 
Ethiopia, 2017 

Initial two photographic 
grades 

Final photographic grade 
Concordant, 

n 
Discordant, 

n 

TF + 105 51 
− 2277 36 

Total 2382 87 
TI + 50 16 

− 2283 118 
Total 2333 134 

TS + 305 179 
− 1801 186 

Total 2106 365 

+ , positive; −, negative. 
Total numbers for each sign are different due to instances where 
no consensus grade (i.e. at least two ‘votes’ for the same sign for 
a given eye) could be determined for that sign. 
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After the initial grading by two graders was complete for each 
ndividual eye photograph pair on both computer stations, pho- 
ograph pairings that were discordantly graded for any one tra- 
homa grade were loaded again onto one computer along with 
ny photographs determined to be ungradable due to corrupted 
le transfer. For an adjudicating grade, a third grader (the sixth 
rained grader) then assessed these photographs from 6 to 9 
ecember 2019. The third grader’s input was only considered 
or those trachoma signs that were graded discordantly. All final 
hotographic grades were determined as those that had been 
greed upon by at least two of the three graders. 
All conjunctival photographs that were graded discordantly for 

F between field graders and the final photographic grade was 
raded by an ophthalmologist, along with a random 5% of the 
hotographs that were concordantly graded. Photographs were 
andomly sorted before grading by the ophthalmologist. The oph- 
halmologist grades were intended to provide additional context 
nd characterization of TF grades. 

nalysis 
e assessed pair-wise grade concordance by calculating the per- 
entage agreement (PA) and Cohen’s κ between the initial two 
hotographic grades as well as between the field grade and the 
nal photographic grade for each eye. Analysis was conducted in 
 (R Foundation for Statistical Computing, Vienna, Austria) using 
he irr and rel packages. Confidence intervals (CIs) were calcu- 
ated by bootstrapping Conger’s generalization of Cohen’s κ with 
0 000 replicates. TF prevalence at the district and cluster lev- 
ls was defined as the presence of TF in either eye. District- 
evel estimates accounted for the clustered nature of the survey 
ata using svy procedures in Stata 15 (StataCorp, College Station, 
X, USA). Cluster-level estimates produced by final photographic 
rades were tested for statistical similarity with estimates result- 
ng from the field grades using a Student’s t-test. 

esults 
he field-graded TF prevalence among children ages 1–9 y ranged 
rom 3.0 to 55.3% among study districts (Supplemental Figure 1) 
nd the TF prevalence of the 10 clusters where photographs were 
aken ranged from 0.0 to 48.0%. A total of 1247 participants of 
ll ages were examined for trachoma in the 10 selected clusters 
Table 1 ). Of these participants, field grade data was captured 
or 1231 participants and 1241 participants contributed a total 
f 4953 photographs of 2477 conjunctivae. Six participants were 
xamined but were not photographed and 16 participants were 
hotographed but were missing field grades due to a software 
alfunction. 
Interrater agreement between the two initial photographic 

rades was high for TF (PA 96.5%, κ= 0.69, CI 0.62 to 0.75) and
S (PA 85.2%, κ= 0.53, CI 0.49 to 0.58) but moderate for TI (PA
4.6%, κ= 0.40, CI 0.30 to 0.50). After initial photograph grad- 
ng by two graders, 87/2477 (3.5%) conjunctivae were discor- 
antly graded for TF, 134/2477 (5.4%) were discordant for TI and 
65/2477 (14.7%) were discordant for TS (Table 2 ). After the adju- 
ication stage, only 1 of the 2477 conjunctivae was unable to 
e given a final TF grade, as both initial grades were classified as 
ngradable. 
Agreement between the field and final photographic grades 
as good for TF (PA 96.7%, κ= 0.70, CI 0.64 to 0.77) but lower
or both TI (PA 94.7%, κ= 0.32, CI 0.20 to 0.43) and TS (PA 83.5%,
= 0.22, CI 0.15 to 0.29) (Table 3 ). For each clinical sign individ-
ally, the final photographic grades achieved higher agreement 
nd κ scores when compared with grades provided by experi- 
nced field graders as compared with grades provided by first- 
ime field graders, although the κ confidence limits overlapped 
or each sign (Table 4 ). 
113 
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Table 3. Comparison between field grade and final photographic 
grade, Amhara, Ethiopia, 2017 

Final photographic 
grade 

Field grade + − PA κ (95% CI) 

TF + 102 26 96.7 0.70 (0.64 to 0.77) 
− 54 2262 

TI + 34 98 94.7 0.32 (0.20 to 0.43) 
− 32 2279 

TS + 72 4 83.5 0.22 (0.15 to 0.29) 
− 399 1967 

+ , positive; −, negative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Among the 80 conjunctivae where the field TF grade differed
from the final photographic grade, the ophthalmologist agreed
with the photographic grade 38.8% (31/80) of the time and the
field grade 61.3% (49/80) of the time. Among the 31 discordant
grades between ophthalmologist and field grade, the ophthal-
mologist frequently noted the TF-positive conjunctivae to be ‘bor-
derline TF’ and as having ‘buried follicles’, while TF-negative con-
junctivae were most often described as having ‘mild scarring’ or
‘too few follicles’. The ophthalmologist disagreed with the con-
cordant field and final photographic grade in 15.5% (64/414) of
the reviewed photographs, often noting ‘too small’ or ‘too few fol-
licles’ among those graded as negative by the ophthalmologist
but positive by both the field and final photograph grader. 
Using the final photographic grade, cluster prevalence of TF

ranged from 1.7 to 70.0%. These estimates showed no statisti-
cally significant difference from the cluster prevalence estimates
determined using field grades (p = 0.62) (Figure 1 ). Furthermore,
cluster prevalence estimates determined by field grading were
not statistically significantly different than estimates based on
photographic grading for experienced graders (p = 0.69) or first-
time graders (p = 0.78). 

Discussion 

Within programmatic trachoma surveys conducted in rural com-
munities in the Amhara region, high-quality gradable pho-
tographs were collected from participants with a high response
rate. Further, large numbers of photographs were graded and
adjudicated in a short period of time at a grading center within
this trachoma-endemic region. Agreement between field and
photographic grades was good for TF, the programmatic indica-
tor for trachoma. The results of this study add to the body of evi-
dence that conjunctival photography may be a feasible and reli-
able research, training and program monitoring tool. 
It was possible to integrate photography into routine tra-

choma impact surveys under programmatic conditions. While
photography has often been used as part of randomized con-
trolled trials and in trachoma research generally, data are scarce
114 
on the reliability of conjunctival photography within various
programmatic surveys. 6 The photographer in this study trav-
eled house-to-house alongside field graders and achieved a
high response rate. Within the 10 selected communities, which
were scattered across a large geographic area, the team pho-
tographed nearly all participants examined for a field grade. For
each participant, a minimum of two photographs from each
eye were captured for nearly all individuals across a wide age
range, suggesting that tolerance for this activity was high among
participants. Upon grading at the GGC, only one photograph was
found to be ungradable. These findings suggest that with proper
training, equipment and planning, quality images of participants
examined within programmatic trachoma surveys are possible. 
The development of a novel in-country trachoma photo-

graphic grading center demonstrated how partnering with in-
country institutions can strengthen programmatic impact, and
this was a good example of successful local research capacity
building by the Trachoma Control Program in Amhara. Trainees
demonstrated the ability to learn grading protocols and pass reli-
ability exams, although in this case trainees were highly trained
ophthalmology residents. Further work is needed to determine
if less highly trained professionals can achieve similarly strong
results within grading centers. The GGC was able to grade many
photographs (4953) in a short amount of time (9 d, including
adjudication). Speed and volume are key components of a grad-
ing program such as this since control programs may need results
in time to make MDA decisions. Furthermore, graders at the GGC
were masked to the field grade of the participant, as well as
the grades of family or community members, a strength of pho-
tographic grading. This should allow for a reduction in grader
bias. Agreement between photographic graders was high for TF
( κ= 0.69) on initial grading and comparable to past studies, with
only 87 photographs needing adjudication. 6 This study used a
third adjudication grader, not as a gold standard grader, but as
a way to come to a consensus on discordant photographs. The
adjudication step at the GGC took approximately 4 extra days,
but a consensus grade is likely an important step for grading bor-
derline cases, which may be more common in low-prevalence
settings near elimination thresholds where greater reliability is
required. 3 While this study used the consensus grade of three
graders, any number of graders could be used to potentially
improve the reliability of the final grade. 
Agreement between field and final photographic grades

for TF was high ( κ= 0.70) and comparable to other research
studies assessing photographic grading for trachoma. 6 Com-
munities in this study were selected from a population-based
sample and thus represented the range of trachoma severity,
including borderline cases. Borderline trachoma cases would
normally be observed in hypo- and meso-endemic communities
by programmatic surveys. In this study, while TF cluster-level
prevalence estimates were not statistically significantly different
between field and final photographic grading, there were two
clusters where the photograph estimate was ≥5% and the
field estimate was < 5%. Programmatically, if all children in all
clusters were photographed in a district-level survey, results
around treatment or surveillance cut-points, such as observed
here, could be reviewed by outside experts to aid in decision
making. The agreement between field and photographic grades
improved when compared against experienced field graders,
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Table 4. Comparison between field grade and final photographic grade, stratified by grader experience, Amhara, Ethiopia, 2017 

Final photographic grade 

Field grade + − PA κ (95% CI) 

Experienced field graders TF + 54 10 97.1 0.73 (0.65 to 0.82) 
− 26 1136 

First-time field graders TF + 48 16 96.4 0.67 (0.57 to 0.76) 
− 28 1126 

Experienced field graders TI + 11 10 97.9 0.45 (0.24 to 0.66) 
− 16 1189 

First-time field graders TI + 23 88 91.5 0.27 (0.14 to 0.41) 
− 16 1090 

Experienced field graders TS + 45 3 87.6 0.33 (0.23 to 0.43) 
− 149 1028 

First-time field graders TS + 27 1 79.4 0.14 (0.05 to 0.24) 
− 250 939 

+ , positive; −, negative. 
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lthough the first-time graders’ agreement with photographic 
raders was not statistically significantly different from that of 
xperienced graders. The standard 5-d grader training appears 
o be successful in producing field graders of comparable quality 
egardless of experience level. Agreements between field and 
hotographic grading for TI and TS were lower than agreements 
or TF. It is possible that these signs are more difficult to diag- 
ose from a two-dimensional photograph compared with a 
hree-dimensional conjunctiva. While grader trainees do learn 
he signs of TI and TS via slide exams and field training, the 
rader reliability certification is for the TF sign only. A higher 
greement may be possible if greater emphasis is placed on 
ertifying graders on TI and TS during field-grader training. 8 , 12 
Comparisons between field and photographic grading can be 

ifficult, as there is no gold standard for comparison, and mis- 
lassification with both types of grading are expected. To bet- 
er understand observed discrepancies between field and photo- 
raphic grading for TF, nearly 500 photographs were regraded by 
n ophthalmologist. Among these were 80 conjunctive that likely 
epresent harder-to-grade or borderline cases, as they were dis- 
ordant between field and photographic grading. Despite the use 
f a consensus for the photographic grades, the ophthalmologist 
greed with the field grade (61%) more often than with the pho- 
ographic grade (39%), when there was discordance for that con- 
unctiva. This suggests that increased training may be warranted 
or photographic graders, particularly for conjunctivae with bor- 
erline TF. When the ophthalmologist disagreed with the field 
rade, the conjunctiva was often characterized as having follicles 
ith the size and number to classify as a borderline case. When 
he number of follicles is close to the definitional cut-point (five 
r more follicles at least 0.5 mm in diameter), it is likely that even
xperts would disagree on the diagnosis. 4 The increased grad- 
ng variability around programmatic thresholds and the reliance 
n a subjective clinical sign as a key programmatic indicator 
ay contribute to the increased number of pre-validation surveil- 
ance surveys that return unfavorable results above the 5% 

hreshold. 7 
There were several limitations specific to this study. The study 

hotographer used an SLR camera which, because of the expense 
nd weight, may not be a scalable option for use in programmatic 
ettings. However, with the increasing advances in mobile phone 
hotography, field photography will likely require less training 
nd will become more cost effective. Cell phone cameras have 
een shown to produce similar sensitivities and specificities for 
ctive trachoma and better sensitivity for TI when compared 
ith SLR cameras. 13 Recent developments, including the use 
f cellphone attachments with lights and magnification, should 
ake programmatic use of photography by field graders feasi- 
le soon. 11 , 14 , 15 Photographic sets were double graded by cer- 
ified photographic graders rotating on two different computer 
tations. Therefore it was not possible to calculate agreement by 
ndividual graders. Instead of using all individually graded pho- 
ographic grades in the comparisons with field grades, this study 
sed a single ‘grading center’ consensus grade for each photo- 
raph. Because this method reduced the number of photographic 
rades in the comparison, particularly for harder-to-grade, adju- 
icated photographs, it may have underestimated the overall 
greement with field grading. However, future programmatic use 
f grading centers is likely to require a consensus to be reached 
or each eye to calculate a district prevalence. Various methods 
or arriving at final decisions on difficult photographs should be 
urther evaluated prior to programmatic use. 
Some important research questions remain to be answered 

efore photographic grading is ready for programmatic use. This 
tudy assessed programmatic feasibility through the response 
ate and gradeability of the photographs taken but did not 
apture costs associated with this approach. Future operational 
tudies should compare the total costs associated with tradi- 
ional field-graded surveys vs photograph-graded surveys. While 
ost estimates have been calculated for traditional surveys in 
115 
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Figure 1. Cluster TF prevalence determined by field grading vs photographic grading, Amhara, Ethiopia, 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

this region, 16 new categories for assessment would include the
training of the photographer, the per-person time to collect
photographs and the costs associated with running a grading
center, including training photograph graders and management
of the photographs and associated data. Costs may be reduced
by this grading center approach; however, so far, photographic
grading still requires having a two-person team: a ‘lid-everter’
and a photographer/data recorder. While this approach would
not reduce the number of individuals on a team, it could reduce
the costs associated with training and certification as well as
the need to have community cases of TF available to certify the
graders. 
This study demonstrated that it was possible to embed a pho-

tographer within routine programmatic activities and that pho-
tographs could be graded quickly in-country by trained trachoma
photograph graders. Under a programmatic setting, good agree-
ment between field and photograph grades for TF was achieved.
Work is needed to improve agreement for the other signs of tra-
choma. Conjunctival photography may be a possible solution to
providing quality trachoma monitoring as the prevalence of com-
munity cases decreases and trachoma elimination as a public
health problem nears. 
116 
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Supplementary data are available at Transactions online. 
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