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ABSTRACT
Purpose: The prevalence of trachomatous inflammation—follicular (TF) in Papua New Guinea 
(PNG) suggests antibiotic mass drug administration (MDA) is needed to eliminate trachoma as 
a public health problem but the burden of trichiasis is low. As a result, WHO issued bespoke 
recommendations for the region. If ≥ 20% of 10–14-year-olds have both any conjunctival 
scarring (C1 or C2 or C3) and corneal pannus and/or Herbert’s pits, MDA should be continued. 
Equally, if ≥ 5% of that group have both moderate/severe conjunctival scarring (C2 or C3) and 
corneal pannus and/or Herbert’s pits, MDA should be continued.
Methods: We identified 14 villages where > 20% of 1−9-year-olds had TF during baseline 
mapping undertaken 4 years and 1 month previously. Every child aged 10−14 years in those 
villages was eligible to be examined for clinical signs of corneal pannus, Herbert’s pits and 
conjunctival scarring. A grading system that built on existing WHO grading systems was used.
Results: Of 1,293 resident children, 1,181 (91%) were examined. Of 1,178 with complete 
examination data, only one (0.08%) individual had concurrent scarring and limbal signs.
Conclusions: The WHO-predefined criteria for continuation of MDA were not met. Ongoing 
behavioural and environmental improvement aspects of the SAFE strategy may contribute to 
integrated NTD control. Surveillance methods should be strengthened to enable PNG health 
authorities to identify future changes in disease prevalence.

KEYWORDS 
Trachoma; corneal limbus; 
pannus; Herbert’s pits; Papua 
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Introduction

Trachoma is the leading infectious cause of blindness 
worldwide and in 2021 was known to be a public 
health problem in 44 countries.1,2 The pathogenesis 
of blindness from trachoma occurs over many years. 
Inflammation caused by repeated infection with ocu
lar Chlamydia trachomatis (Ct) in childhood can lead 
to conjunctival scarring.3,4 In severe cases, the eyelids 
become deformed causing eyelashes to abrade the 
cornea (trichiasis) causing pain and corneal opacity 
that can lead to blindness.5–7 Trachoma is considered 
a public health problem in areas where (a) the pre
valence of trachomatous inflammation—follicular 
(TF) in 1–9-year-olds is ≥ 5% and/or (b) the 

prevalence of trachomatous trichiasis (TT) in ≥ 15- 
year-olds is ≥ 0.2%.8

To reduce the risk of progression to blindness 
from trachoma, the World Health Organization 
(WHO) recommends implementation of the SAFE 
strategy (surgery, antibiotics, facial cleanliness, envir
onmental improvement) at the district level. The 
antibiotic component is delivered as annual mass 
drug administration (MDA) of oral azithromycin 
(or tetracycline eye ointment in those in whom azi
thromycin is contraindicated), with the number of 
years of delivery depending on the prevalence of TF 
in 1–9-year-olds. Conducting MDA using a broad- 
spectrum antibiotic such as azithromycin carries 

CONTACT Gillian M. Cochrane gillian@collaborativevision.net

OPHTHALMIC EPIDEMIOLOGY                           
https://doi.org/10.1080/09286586.2023.2273507

© 2024 World Health Organization (WHO). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution 3.0 IGO License (http://creativecommons.org/licenses/by/3.0/igo/), which permits non- 
commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way. This article 
shall not be used or reproduced in association with the promotion of commercial products, services or any entity. There should be no suggestion that the World Health Organization 
(WHO) endorses any specific organization, products or services. The use of the WHO logo is not permitted. This notice should be preserved along with the article’s original URL.

http://orcid.org/0000-0002-1432-8109
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/09286586.2023.2273507&domain=pdf&date_stamp=2024-02-06


a risk of selection of antibiotic resistance in bacteria 
in the treated area.9–12 There are also considerable 
financial and logistic challenges to conducting MDA, 
especially in isolated or difficult-to-access 
populations.13–15 For those reasons, decisions to 
undertake MDA should offer defined benefit to the 
populations treated.

In Papua New Guinea (PNG) and other parts of 
Melanesia, TT prevalence is very low despite an appreci
able burden of TF.16–19 The prevalence and estimated 
transmission intensity of ocular Ct and the prevalence 
of conjunctival scarring are also low.20–23 A number of 
explanations could plausibly account for this pattern, 
although no evidence has been uncovered to support 
any specific theory.19,24–26 The combination of moderate- 
to-high TF prevalence and very low TT prevalence has 
triggered significant discussion at the regional and global 
level about whether MDA for trachoma should be deliv
ered in these settings.26,27 As a result of these discussions, 
TF prevalence was not felt to be a valid marker of the need 
for intervention in this setting and a novel survey strategy 
was developed to determine whether children living in 
previously high-TF communities had other, longer-lived 
clinical signs of trachoma.26,28 Specifically, the corneal 
signs of pannus and Herbert’s pits (HPs; collectively 
termed limbal signs in this manuscript) are thought to 
be highly specific for previous active trachoma.29,30 The 
core tenet of this novel survey design is that, when found 
in conjunction with limbal signs, conjunctival scarring is 
due to trachoma and that individuals with that combina
tion are at risk of future blindness from trachoma. WHO 
recommended that, where 20% of 10–14-year-olds have 
any degree of scarring (C1 or C2 of C3, according to the 
1981 WHO trachoma grading scheme,31 plus limbal signs 
in the worst affected eye, or where 5% have moderate-to- 
severe scarring (C2 or C3), plus limbal signs, MDA would 
be justified to reduce a high prevalence of TF in 
children.26

The purpose of this study was to determine the 
prevalence of limbal signs and conjunctival scarring 
in 10–14-year-olds in previously high-TF commu
nities in PNG.

Methods

Study ethics

The study adhered to the tenets of the Declaration of 
Helsinki and was approved by the PNG Medical 
Research Advisory Committee (19.09).

Study rationale and outcome measure

This survey methodology was designed to recruit 
older children who were known to have grown up 
in high-TF environments in Melanesia.26,28 This 
methodology was designed for rapid deployment, 
thus focused on communities with the highest 
levels of TF in children during pre-MDA trachoma 
prevalence surveys.16

As this was a novel survey methodology looking 
for signs not routinely recorded under the commonly 
used WHO simplified trachoma grading system, 
a grading scheme (Table 1) was assembled from 
existing WHO protocols and assessment systems31– 

33 with minimal modification. Grading using this 
combination of schemes has previously been used 
in the Solomon Islands and Vanuatu.28

Study population

We wanted to recruit participants from communities 
previously known to have high proportions of chil
dren with TF. Therefore, high-TF clusters were 
selected from the pre-MDA trachoma survey.16 

Age- and gender-adjusted cluster-level prevalence of 

Table 1. Grading system used in this study.
Feature Quantification Grade

Pannus 
(measured vertically from the upper 
limbus)32

<2.0 mm extension 0
2.0 to <4.0 mm extension 1
4.0 to <6.0 mm extension 2
≥6.0 mm extension 3

Herbert’s pits32 None 0
One to three 1
More than three, but not involving the entire upper lunular 2
Entire upper lunular involved 3
Cornea encircled or two rows of pits above 4

Cicatriciae31 None 0
Fine scattered scars on the upper tarsal conjunctiva, or scars on other parts of the conjunctiva 

(mild)
1

More severe scarring but without shortening or distortion of the upper tarsus (moderate) 2
Scarring with distortion of the upper tarsus (severe) 3

2 G. M. COCHRANE ET AL.



children aged 1–9 years with TF in all six mapped 
evaluations units was calculated from PNG’s Global 
Trachoma Mapping Project dataset (Figure 1). 
Clusters with an adjusted TF prevalence ≥20% 
were selected for inclusion.

Implementation

Teams set out to register all 10–14-year-olds resident in 
selected communities: individuals who would have been  
~ 5–9-year-olds at the time of the 2015 baseline surveys. It 
was assumed a priori that there was limited population 
mobility amongst this age group due to their age. Verbal 
approval to enrol villages in the study was sought from 
village leaders. Participants were recruited by teams going 
house-to-house. Household heads were asked how many 
10–14-year-olds lived in the house. If a child in that age 
range was absent (for example, at school), a return visit to 
the household was made. Individuals were provided with 
information about the study and asked to provide verbal 
assent to take part. As all participants were aged <18  
years, where assent was given, a parent or guardian was 
required to provide written, informed consent.

One ophthalmologist was assigned to each of four 
teams. The ophthalmologists were trained by an 
experienced ophthalmologist (RLM) in the grading 
of conjunctival and corneal limbus features using 
photographs. Graders practiced examination of the 
conjunctiva and sclero-corneal junction on live sub
jects without limbal signs. Each individual enrolled 
was assessed for conjunctival scarring, upper pole 
corneal pannus and Herbert’s pits, against the 

criteria in Table 1. Children with suspected active 
trachoma were treated with tetracycline eye oint
ment, provided free of charge, and anyone found 
with TT was referred to local ophthalmic services 
for appropriate management.

Data were collected using smartphone-based elec
tronic data collection forms, encrypted and uploaded 
to a secure Cloud-based server on completion. The 
recorder was trained in the use of the smartphone 
and familiarised with data collection forms. Cloud 
servers were hosted by Tropical Data, and a copy 
of the raw data made available to all study co- 
investigators via a secure link once data collection 
was confirmed to have been completed. Duplicate 
records were defined as individuals with the same 
recorded name, age and gender in the same house
hold. These records (three duplicate pairs) were 
removed from the dataset prior to analysis.

The primary outcomes were the prevalence of 
defined combinations of signs in 10–14-year-olds, as 
defined at WHO’s 2018 Expert Consultation on 
Trachoma in the Pacific Islands,26 specifically (i) limbal 
signs (pannus, HPs or both) in at least one eye plus 
conjunctival scarring (C ≥ 1) in at least one eye; and 
(ii) limbal signs (pannus, HPs or both) in at least one 
eye and moderate-to-severe conjunctival scarring (C ≥  
2) in at least one eye. An individual was determined to 
have limbal disease if they had upper pole corneal pan
nus ≥2 mm and/or at least one HP in at least one eye. An 
individual was determined to have conjunctival scarring 
if at least one eye had a scar grade of C1 or more. The 
outcome of the study was determined at the individual 
level (i.e., limbal disease and scarring did not need to be 

Figure 1. Age- and gender-adjusted cluster-level TF prevalence in children aged 1–9 years in Papua New Guinea from baseline surveys 
conducted with the Global Trachoma Mapping Project in December 2015.16
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in the same eye for an individual to be considered 
a case). Where disease grades are presented, they repre
sent the individual’s most severely affected eye.

Results

Of 169 clusters surveyed under baseline mapping, 23 
had a TF prevalence ≥ 20%. Of these, 14 clusters were 
included in this survey. Nine clusters were excluded: 
four clusters in Madang province because of security 
concerns; three clusters in Morobe province as baseline 
data were not completed or published; and two clusters 
from West New Britain province because their cluster 
identification numbers could no longer be linked to 
village names or locations.

Population studied

Data collection took place over two weeks in 
January 2020. From the 744 surveyed households in 
the 14 study villages, 1293 children aged 10–14 years 
were resident, of whom 1181 (91%) were examined. Of 
the 112 who were not examined, 108/112 (96%) were 
absent and 4/112 (4%) refused. The median number of 
children examined per village was 82 (range: 31–168).

Clinical examination

Three individuals were removed from the dataset of 
1181 children examined: one whose right limbus and 
conjunctiva could not be graded, one in whom HPs 
could not be graded and one in whom neither right 
nor left limbus and conjunctiva could be examined. 
The reasons for non-grading/examination were not 
recorded. Analysis was undertaken on complete data 
from 1178 children (Table 2). Some degree of scarring 
was present in 63/1178 (5%) of children examined, of 
whom 54/63 (86%) were graded as having C1 and 9/63 
(14%) were graded as having C2. There were only two 
cases of limbal signs, one of pannus (unilateral) and one 

of Herbert’s pits (bilateral). These were not in the same 
individual. The geographical distribution of these signs 
is shown in Figure 2. There was 1/1178 (0.08%) indivi
dual with any scar (C1 or C2 or C3) and any limbal sign. 
There was also 1/1178 (0.08%) individual with 
a moderate-to-severe scar (C2 or C3) and any limbal 
sign (Table 3).

Discussion

The prevalence of conjunctival scars and limbal signs 
of trachoma in this study were both low. Only one 
individual out of 1178 had both conjunctival scars 
and limbal signs, and so the predefined criteria for 
continuation of MDA were not met.26 This result is 
supported by previous data on TT prevalence, ocular 
Ct prevalence and transmission that suggest tra
choma in PNG is less severe than in other parts of 
the world.16,23 Historic reports and clinic surveys 
have also suggested the sight-threatening late stages 
of trachoma are rare in PNG.19 Furthermore, pri
mary data and systematic reviews of causes of blind
ness in the region suggest that trachoma makes 
a negligible contribution to vision impairment in 
PNG and elsewhere in the Pacific.34–36 There is 
therefore consistency in the epidemiological picture 
of trachoma as it relates to blindness in PNG and its 
neighbours.

Our survey methodology was conceived in response 
to an unusual clinical presentation of disease in the 
Pacific. Consequently, there are very few comparator 
data. In the Solomon Islands and Vanuatu, 7% had 
concurrent conjunctival scar (C1 or C2 or C3) and 
limbal signs and 2% had moderate-to-severe conjuncti
val scar and limbal signs.28 There, too, the predefined 
criteria for the continuation of MDA were not met. 
Vanuatu was subsequently validated by WHO as having 
eliminated trachoma as a public health problem in 
August 2022, with the limbal sign data included along
side serological data as part of the dossier.8

There are positive and negative implications of the 
cessation of MDA for trachoma elimination. First, PNG 
is a challenging environment in which considerable 
human and financial resources will be saved by not 
doing MDA. Second, the attributable risk of selecting 
antimicrobial resistance through MDA is removed. 
Conversely, delivery of MDA for trachoma may have 
offered off-target benefits (for example, in the treatment 
of sexually transmitted infections or yaws37,38 or 
decreasing all-cause child mortality).39 Furthermore, 
an active trachoma programme may have attracted 
increased advocacy and investment in water, sanitation 
and hygiene (WASH) service development. 

Table 2. Pannus, Herbert’s pits and conjunctival scars in 14 
selected villages of Papua New Guinea, 2020.

Sign Severity Number of participants positive (%)*

Scar C0 1115 (95%)
C1 54 (5%)
C2 9 (1%)
C3 0 (0%)

Pannus 0 1177 (>99%)
1 1 (<1%)

2 or 3 0 (0%)
Herbert’s pits 0 1177 (>99%)

1 1 (<1%)
2, 3 or 4 0 (0%)

*% rounded to nearest integer so may not add up to 100.
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Nevertheless, the balance of evidence suggests that PNG 
does not currently warrant intensive interventions spe
cifically directed against trachoma.

There were limitations to this study. First, the 
clinical signs examined for here are not commonly 
assessed and there is not extensive programmatic 
experience in training and standardising staff to 
grade them. Furthermore, they can be difficult to see 
without a slit lamp (in the case of old corneal pannus 
and HPs) and can be subjective (in the case of mild 
conjunctival scarring). Together these challenges make 
it difficult to reproducibly grade these signs at the 
programmatic level. This was demonstrated by poor 
agreement in photograding during previous studies in 
the Solomon Islands and Vanuatu.28 Second, while 
corneal pannus and HPs are assumed among 

ophthalmologists to be highly specific for trachoma, 
there are very few empirical data to support that firm 
linkage or demonstrate their relevance in predicting 
risk of future trachomatous blindness. There is some 
evidence that corneal pannus has a similar positive 
predictive value to TF in identifying ocular Ct,40 but 
no prospectively designed longitudinal data compar
ing progression rates among those with and without 
these limbal signs. Third, the sampling method was 
non-random and focussed on villages for which we 
had existing data, with an assumption that the chil
dren in the village were the same children in the same 
villages four years prior. It was also assumed that 
these villages experienced consistently or regularly 
high episodes of trachoma, based on previous 
studies.41,42 A larger randomly sampled survey may 
give more precise and more generalisable estimates of 
the prevalence of each sign, however if high TF pre
valence is limited to these villages, a larger study area 
and population would decrease the prevalence esti
mates overall. Finally, no tests for infection were 
carried out in this study. This was because the gui
dance for these surveys26 suggested a purely clinical 
outcome with very little indication on how to inter
pret infection data from this age group.

Figure 2. Geographical distribution of clinical signs of trachoma in 14 selected villages of Papua New Guinea, 2020. ‘Minor scars’ refers 
to an individual with conjunctival scarring graded C1 in at least one eye. ‘Major scars’ refers to an individual with conjunctival scarring 
graded C2 or C3 in at least one eye. ‘Limbal signs’ refers to an individual with pannus ≥2 mm and/or ≥1 Herbert’s pit in at least one 
eye. The severity is based on the most severely affected eye in an individual. The boundaries and names shown and the designations 
used on this map do not imply the expression of any opinion whatsoever on the part of the authors, or the institutions with which they 
are affiliated, concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its 
frontiers or boundaries.

Table 3. Prevalence of scars with limbal signs in 14 selected 
villages of Papua New Guinea, 2020.

Conjunctival scar

Limbal signs

No Yes

Primary outcomes

Any scar, any limbal 
sign

Severe scar, any 
limbal sign

C0 1114 1
C1 54 0 1 (0.08%)
C2 8 1 1 (0.08%)
C3 0 0

OPHTHALMIC EPIDEMIOLOGY 5



This work is important for guiding the next steps for 
the PNG trachoma elimination programme. The prede
fined threshold for continuation of MDA was not met. 
However, cases of ocular Ct and all other signs of tra
choma are present in PNG,16,23 albeit at a low preva
lence, therefore trachoma is endemic and could 
potentially increase in prevalence in the future. It is 
important to implement surveillance systems to moni
tor this, and also maintain the capacity to manage inci
dent cases of trichiasis (one of the WHO criteria for 
validation of trachoma elimination).8 WASH infrastruc
ture improvements should continue to be made as part 
of a holistic, integrated approach to NTD 
management.43 These findings contribute to the wider 
discussion around the suitability of TF as a universal 
marker to guide MDA decisions and part-define elim
ination as a public health problem.44 There are 
a number of settings in which TF persists in the absence 
of a Ct infection signal45–50 and these are likely to 
increase as the global prevalence of trachoma decreases. 
Research into non-TF-based survey regimens is needed 
to better characterise programme options in the peri- 
elimination period.

Conclusion

According to the predefined outcome criteria from 
this survey, MDA should not be conducted for tra
choma elimination purposes in PNG. There are ele
ments of the trachoma control programme, such as 
WASH access improvement, which would still be 
useful to prevent future increases in ocular 
C. trachomatis transmission and contribute towards 
integrated NTD control. Surveillance systems should 
be implemented to enable PNG to monitor potential 
future increases in trachoma prevalence. Given the 
limitations of TF as a marker in this and other 
settings, surveillance systems may benefit from use 
of non-TF markers.

Funding

RB’s salary was funded by the Fred Hollows Foundation. AC’s 
salary and survey funded by the Fred Hollows Foundation 
through funding from UK Aid (primary grant holder held by 
Sightsavers International). EHE receives salary support from 
the International Trachoma Initiative. AM, AY and AWS are 
staff members of the World Health Organization. Core 
Tropical Data funding was provided by the International 
Trachoma Initiative; Sightsavers; and RTI International 
through the United States Agency for International 
Development (USAID) Act to End NTDs | East programme.

Disclosure statement

AB is employed by the International Trachoma Initiative, 
which receives an operating budget and research funds from 
Pfizer Inc., the manufacturers of Zithromax® (azithromycin). 
EMHE receives salary support from the International 
Trachoma Initiative.
The other authors have no conflicts of interest to declare.

Disclaimer

The authors alone are responsible for the views expressed in 
this article and they do not necessarily represent the views, 
decisions, or policies of the institutions with which they are 
affiliated, USAID, or the U.S. government.

ORCID

Emma M. Harding-Esch http://orcid.org/0000-0002-1432- 
8109

References

1. World Health Organization. WHO Alliance for the 
Global Elimination of Trachoma: progress report on 
elimination of trachoma, 2021. Wkly Epidemiol Rec. 
2022;97(31):353–364. https://iris.who.int/bitstream/ 
handle/10665/361290/WER9731-eng-fre.pdf .

2. Flaxman SR, Bourne RRA, Resnikoff S, et al. Global 
causes of blindness and distance vision impairment 
1990–2020: a systematic review and meta-analysis. 
Lancet Glob Health. 2017;5(12):e1221–e1234. doi:10. 
1016/S2214-109X(17)30393-5.

3. Wolle MA, Muñoz BE, Mkocha H, West SK. Constant 
ocular infection with Chlamydia trachomatis predicts 
risk of scarring in children in Tanzania. Ophthalmology. 
2009 [Accessed April 30, 2014];116(2):243–247. doi:10. 
1016/j.ophtha.2008.09.011.

4. Ramadhani AM, Derrick T, MacLeod D, Ngondi JM, 
et al. Progression of scarring trachoma in Tanzanian 
children: a four-year cohort study. PLoS Negl Trop Dis. 
2019;13(8):1–16. doi:10.1371/journal.pntd.0007638.

5. Burton MJ, Bowman RJC, Faal H, et al. The long-term 
natural history of trachomatous trichiasis in the 
Gambia. Invest Ophthalmol Vis Sci. 2006;47 
(3):847–852. doi:10.1167/iovs.05-0714.

6. Bowman RJC, Jatta B, Cham B, et al. Natural history of 
trachomatous scarring in the Gambia: results of a 
12-year longitudinal follow-up. Ophthalmology. 
2001;108(12):2219–2224. doi:10.1016/S0161-6420(01) 
00645-5.

7. Solomon AW, Burton MJ, Gower EW, et al. Trachoma. 
Nat Rev Dis Prim. 2022;8(1):32. doi:10.1038/s41572- 
022-00359-5.

8. World Health Organization. Validation of Elimination 
of Trachoma as a Public Health Problem (WHO/HTM/ 
NTD/2016.8). Geneva, Switzerland: World Health 
Organization; 2016.

6 G. M. COCHRANE ET AL.

https://iris.who.int/bitstream/handle/10665/361290/WER9731-eng-fre.pdf
https://iris.who.int/bitstream/handle/10665/361290/WER9731-eng-fre.pdf
https://doi.org/10.1016/S2214-109X(17)30393-5
https://doi.org/10.1016/S2214-109X(17)30393-5
https://doi.org/10.1016/j.ophtha.2008.09.011
https://doi.org/10.1016/j.ophtha.2008.09.011
https://doi.org/10.1371/journal.pntd.0007638
https://doi.org/10.1167/iovs.05-0714
https://doi.org/10.1016/S0161-6420(01)00645-5
https://doi.org/10.1016/S0161-6420(01)00645-5
https://doi.org/10.1038/s41572-022-00359-5
https://doi.org/10.1038/s41572-022-00359-5


9. Doan T, Arzika AM, Hinterwirth A, et al. Macrolide 
resistance in MORDOR I: a cluster-randomized trial in 
Niger. N Engl J Med. 2019;380(23):2271–2273. doi:10. 
1056/NEJMc1901535.

10. Seidman JC, Coles CL, Silbergeld EK, et al. Increased 
carriage of macrolide-resistant fecal E. coli following 
mass distribution of azithromycin for trachoma 
control. Int J Epidemiol. 2014;43(4):1105–1113. doi:10. 
1093/ije/dyu062.

11. Evans J, Solomon A, Kumar R, et al. Antibiotics for 
trachoma. Cochrane Database Syst Rev. 2019;9: 
CD001860. doi:10.1002/14651858.CD001860.pub4.

12. O’Brien KS, Emerson P, Hooper P, et al. Antimicrobial 
resistance following mass azithromycin distribution for 
trachoma: a systematic review. Lancet Infect Dis. 2019;19 
(1):e14–e25. doi:10.1016/S1473-3099(18)30444-4.

13. Kolaczinski JH, Robinson E, Finn TP. The cost of 
antibiotic mass drug administration for trachoma 
control in a remote area of South Sudan. PLoS 
Negl Trop Dis. 2011;5(10):e1362. doi:10.1371/jour 
nal.pntd.0001362.

14. Solomon AW, Hooper PJ, Bangert M, et al. The impor
tance of failure: how doing impact surveys that fail 
saves trachoma programs money. Am J Trop Med 
Hyg. 2020;103(6):2481–2487. doi:10.4269/ajtmh.20- 
0686.

15. Fitzpatrick C, Fleming FM, Madin-Warburton M, 
Carabin H, et al. Benchmarking the cost per person of 
Mass treatment for selected neglected tropical diseases: 
an Approach Based on Literature Review and 
Meta-regression with Web-Based Software 
Application. PLoS Negl Trop Dis. 2016;10(12): 
e0005037. doi:10.1371/journal.pntd.0005037.

16. Ko R, Macleod C, Pahau D, et al. Population-based 
trachoma mapping in six evaluation units of Papua 
New Guinea. Ophthalmic Epidemiol. 2016;23 
(sup1):22–31. doi:10.1080/09286586.2016.1235715.

17. Sokana O, Macleod CK, Jack K, et al. Mapping tra
choma in the Solomon Islands – results from the global 
trachoma mapping project. Ophthalmic Epidemiol. 
2016;23(Suppl. 1):15–21. doi:10.1080/09286586.2016. 
1238946.

18. Taleo F, Macleod CK, Marks M, et al. Integrated map
ping of yaws and trachoma in the five northern-most 
provinces of Vanuatu. PLoS Negl Trop Dis. 2017;11(1): 
e0005267. doi:10.1371/journal.pntd.0005267.

19. Handley R, Roberts CH, Butcher R, Oldenburg CE. 
A systematic review of historical and contemporary 
evidence of trachoma in the Pacific Islands. PLoS One. 
2018;13(11):e0207393. doi:10.1371/journal.pone. 
0207393.

20. Butcher RMR, Sokana O, Jack K, et al. Low prevalence 
of Conjunctival Infection with chlamydia trachomatis 
in a treatment-naïve trachoma-endemic region of the 
Solomon Islands. PLoS Negl Trop Dis. 2016;10(9): 
e0004863. doi:10.1371/journal.pntd.0005051.

21. Butcher R, Handley B, Taoaba R, et al. Ocular chlamy
dia trachomatis infection, anti-Pgp3 antibodies and 
conjunctival scarring in Vanuatu and Tarawa, Kiribati 
before antibiotic treatment for trachoma. J Infect. 
2020;80(4):454–461. doi:10.1016/j.jinf.2020.01.015.

22. Butcher R, Sokana O, Jack K, et al. Clinical signs of 
trachoma are prevalent among Solomon Islanders who 
have no persistent markers of prior infection with chla
mydia trachomatis. Wellcome Open Res. 2018;3(14):14. 
doi:10.12688/wellcomeopenres.13423.1.

23. Macleod CK, Butcher R, Javati S, et al. Trachoma, 
anti-Pgp3 serology, and ocular chlamydia trachomatis 
infection in Papua New Guinea. Clin Infect Dis. 2020;72 
(3):423–430. doi:10.1093/cid/ciaa042.

24. Vasileva H, Butcher R, Pickering H, et al. Conjunctival 
transcriptome profiling of Solomon Islanders with 
active trachoma in the absence of chlamydia trachoma
tis infection. Parasit Vectors. 2018;11(104):1–8. doi:10. 
1186/s13071-018-2682-2.

25. Butcher RMR, Sokana O, Jack K, et al. Active trachoma 
cases in the Solomon Islands have varied polymicrobial 
community structures but do not associate with indivi
dual non-chlamydial pathogens of the eye. Front Med. 
2018;4:251. doi:10.3389/fmed.2017.00251.

26. World Health Organization Regional Office for the 
Western Pacific. Expert Consultation on the elimination 
of trachoma in the Pacific (RS/2018/GE/02[AUS]). 
Manila, Philippines: World Health Organization; 2018.

27. World Health Organization.Report of the 4th global 
scientific meeting on Trachoma, Geneva, 27– 
29 November 2018 (WHO/CDS/NTD/PCT/2019.03). 
Geneva, Switzerland: World Health Organization; 2019.

28. Butcher R, Tagabasoe J, Manemaka J, et al. 
Conjunctival scarring, Corneal Pannus, and Herbert’s 
pits in adolescent children in trachoma-endemic popu
lations of the Solomon Islands and Vanuatu. Clin Infect 
Dis. 2020;73(9):e2773–e2780. doi:10.1093/cid/ciaa1151.

29. Royal Australian College of Ophthalmologists. The 
National Trachoma and Eye Health Program of the 
Royal Australian College of Ophthalmologists. Sydney, 
Australia: Royal Australian College of 
Ophthalmologists; 1980.

30. Dawson CR, Juster R, Marx R, Daghfous MT, 
Djerad AB. Limbal disease in trachoma and other ocu
lar chlamydial infections: risk factors for corneal 
vascularisation. Eye. 1989;3(2):204–209. doi:10.1038/ 
eye.1989.29.

31. Dawson CR, Jones BR, Tarizzo ML, World Health 
Organization. Guide to Trachoma Control in 
Programmes for the Prevention of Blindness. Geneva, 
Switzerland: World Health Organization; 1981. http:// 
apps.who.int/iris/handle/10665/38939 .

32. World Health Organization. Fourth WHO Scientific 
Group on Trachoma Research. Geneva, Switzerland: 
World Health Organization; 1966.

33. 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;65:477–483.

34. Lee L, D’Esposito F, Garap J, et al. Rapid assessment of 
avoidable blindness in Papua New Guinea: 
a nationwide survey. Br J Ophthalmol. 2019;103 
(3):338–342. doi:10.1136/bjophthalmol-2017-311802.

35. Keeffe JE, Casson RJ, Pesudovs K, et al. Prevalence and 
causes of vision loss in South-east Asia and Oceania in 
2015: magnitude, temporal trends and projections. Br 

OPHTHALMIC EPIDEMIOLOGY 7

https://doi.org/10.1056/NEJMc1901535
https://doi.org/10.1056/NEJMc1901535
https://doi.org/10.1093/ije/dyu062
https://doi.org/10.1093/ije/dyu062
https://doi.org/10.1002/14651858.CD001860.pub4
https://doi.org/10.1016/S1473-3099(18)30444-4
https://doi.org/10.1371/journal.pntd.0001362
https://doi.org/10.1371/journal.pntd.0001362
https://doi.org/10.4269/ajtmh.20-0686
https://doi.org/10.4269/ajtmh.20-0686
https://doi.org/10.1371/journal.pntd.0005037
https://doi.org/10.1080/09286586.2016.1235715
https://doi.org/10.1080/09286586.2016.1238946
https://doi.org/10.1080/09286586.2016.1238946
https://doi.org/10.1371/journal.pntd.0005267
https://doi.org/10.1371/journal.pone.0207393
https://doi.org/10.1371/journal.pone.0207393
https://doi.org/10.1371/journal.pntd.0005051
https://doi.org/10.1016/j.jinf.2020.01.015
https://doi.org/10.12688/wellcomeopenres.13423.1
https://doi.org/10.1093/cid/ciaa042
https://doi.org/10.1186/s13071-018-2682-2
https://doi.org/10.1186/s13071-018-2682-2
https://doi.org/10.3389/fmed.2017.00251
https://doi.org/10.1093/cid/ciaa1151
https://doi.org/10.1038/eye.1989.29
https://doi.org/10.1038/eye.1989.29
http://apps.who.int/iris/handle/10665/38939
http://apps.who.int/iris/handle/10665/38939
https://doi.org/10.1136/bjophthalmol-2017-311802


J Ophthalmol. 2019;103(7):878–884. doi:10.1136/ 
bjophthalmol-2018-311946.

36. Newland HS, Harris MF, Walland M, et al. 
Epidemiology of blindness and visual impairment in 
Vanuatu. Bull World Health Organ. 1992 Accessed 
May 4, 2014;70(3):369–372. http://www.pubmedcen 
tral.nih.gov/articlerender.fcgi?artid=2393288&tool= 
pmcentrez&rendertype=abstract .

37. Marks M, Vahi V, Sokana O, et al. Impact of commu
nity mass treatment with azithromycin for trachoma 
elimination on the prevalence of yaws. PLoS Negl Trop 
Dis. 2015;9(8):e0003988. A063. doi:10.1371/journal. 
pntd.0003988.

38. Marks M, Bottomley C, Tome H, et al. Mass drug 
administration of azithromycin for trachoma reduces 
the prevalence of genital chlamydia trachomatis infec
tion in the Solomon Islands. Sex Transm Infect. 2016;92 
(4):261–265. doi:10.1136/sextrans-2015-052439.

39. Keenan JD, Bailey RL, West SK, et al. Azithromycin to 
reduce childhood mortality in sub-saharan Africa. 
N Engl J Med. 2018;378(17):1583–1592. doi:10.1056/ 
NEJMoa1715474.

40. Derrick T, Holland MJ, Cassama E, et al. Can corneal 
pannus with trachomatous inflammation – follicular be 
used in combination as an improved specific clinical sign 
for current ocular chlamydia trachomatis infection? Parasit 
Vectors. 2016;9(1): doi:10.1186/s13071-016-1308-9.

41. Burton MJ, Holland MJ, Makalo P, Carvalho MS, et al. 
Profound and sustained reduction in chlamydia tracho
matis in the Gambia: a five-year longitudinal study of 
trachoma endemic communities. PLoS Negl Trop Dis. 
2010;4(10):10. doi:10.1371/journal.pntd.0000835.

42. Sata E, Nute AW, Astale T, et al. Twelve-year long
itudinal trends in trachoma prevalence among children 
aged 1–9 years in Amhara, Ethiopia, 2007–2019. Am 
J Trop Med Hyg. 2021;104(4):1278–1289. doi:10.4269/ 
ajtmh.20-1365.

43. World Health Organization. Ending the Neglect to 
Attain the Sustainable Development Goals: A Road 

Map for Neglected Tropical Diseases 2021–2030. 
Geneva, Switzerland: World Health Organization; 
2020. https://www.who.int/neglected_diseases/Revised- 
Draft-NTD-Roadmap-23Apr2020.pdf?ua=1 .

44. World Health Organization. Informal Consultation 
on End-Game Challenges for Trachoma Elimination. 
Task Force for Global Health, Decatur, United States 
of America, 7–9 December 2021. Geneva, 
Switzerland: World Health Organization; 2021.

45. Burton MJ, Hu VH, Massae P, et al. What is 
causing active trachoma? The role of nonchlamy
dial bacterial pathogens in a low prevalence setting. 
Invest Ophthalmol Vis Sci. 2011;52(8):6012–6017. 
doi:10.1167/iovs.11-7326.

46. Keenan JD, Ayele B, Gebre T, et al. Ribosomal 
RNA evidence of ocular Chlamydia trachomatis 
infection following 3 annual mass azithromycin 
distributions in communities with highly prevalent 
trachoma. Clin Infect Dis. 2012;54(2):253–256. 
doi:10.1093/cid/cir791.

47. Bird M, Dawson CR, Schachter JS, et al. Does the 
diagnosis of trachoma adequately identify ocular 
chlamydial infection in trachoma-endemic areas? 
J Infect Dis. 2003;187(10):1669–1673. doi:10.1086/ 
374743.

48. Miller K, Schmidt G, Melese M, et al. How reliable is the 
clinical exam in detecting ocular chlamydial infection? 
Ophthalmic Epidemiol. 2004;11(3):255–262. doi:10. 
1080/09286580490514577.

49. Lynch K, Brian G, Ahwang T, et al. Assessing the pre
valence of trachoma: lessons from community screen
ing with laboratory testing in Australia’s Torres Strait 
Islands. Ophthalmic Epidemiol. 2022;24:1–8. doi:10. 
1080/09286586.2022.2136389.

50. Lynch KD, Morotti W, Brian G, et al. Clinical signs of 
trachoma and laboratory evidence of ocular chlamydia 
trachomatis infection in a remote Queensland commu
nity: a serial cross‐sectional study. Med J Aust. 2022;217 
(10):538–543. doi:10.5694/mja2.51735.

8 G. M. COCHRANE ET AL.

https://doi.org/10.1136/bjophthalmol-2018-311946
https://doi.org/10.1136/bjophthalmol-2018-311946
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2393288%26tool=pmcentrez%26rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2393288%26tool=pmcentrez%26rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2393288%26tool=pmcentrez%26rendertype=abstract
https://doi.org/10.1371/journal.pntd.0003988
https://doi.org/10.1371/journal.pntd.0003988
https://doi.org/10.1136/sextrans-2015-052439
https://doi.org/10.1056/NEJMoa1715474
https://doi.org/10.1056/NEJMoa1715474
https://doi.org/10.1186/s13071-016-1308-9
https://doi.org/10.1371/journal.pntd.0000835
https://doi.org/10.4269/ajtmh.20-1365
https://doi.org/10.4269/ajtmh.20-1365
https://www.who.int/neglected_diseases/Revised-Draft-NTD-Roadmap-23Apr2020.pdf?ua=1
https://www.who.int/neglected_diseases/Revised-Draft-NTD-Roadmap-23Apr2020.pdf?ua=1
https://doi.org/10.1167/iovs.11-7326
https://doi.org/10.1093/cid/cir791
https://doi.org/10.1086/374743
https://doi.org/10.1086/374743
https://doi.org/10.1080/09286580490514577
https://doi.org/10.1080/09286580490514577
https://doi.org/10.1080/09286586.2022.2136389
https://doi.org/10.1080/09286586.2022.2136389
https://doi.org/10.5694/mja2.51735

	Abstract
	Introduction
	Methods
	Study ethics
	Study rationale and outcome measure
	Study population
	Implementation

	Results
	Population studied
	Clinical examination

	Discussion
	Conclusion
	Funding
	Disclosure statement
	Disclaimer
	ORCID
	References

