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s u m m a r y 

Introduction: In the peri-elimination setting, the positive predictive value of trachomatous inflammation–

follicular (TF), the primary marker used to determine need for antibiotics for trachoma, is suboptimal. 

Here, three non-TF measures are used to compare two regions where TF prevalence exceeds the threshold 

for intervention, but where the Chlamydia trachomatis ( Ct ) prevalence is different. 

Methods: Population prevalence of trachoma was measured in Vanuatu ( n = 3470) and Kiribati ( n = 2922). 

Dried blood spots (DBS) and conjunctival photographs were collected from every survey participant, and 

conjunctival swabs were collected from those aged 1–9 years. Individuals were tested for blood anti-Pgp3 

antibodies, Ct DNA at the conjunctiva and severity of conjunctival scarring. 

Results: The prevalence of TF in 1–9-year-olds was 16.5% in Vanuatu and 38.2% in Tarawa. 7% of people 

aged ≥1 year in Vanuatu had conjunctival scarring compared to 27% in Tarawa. The prevalence of ocular 

Ct infection in 1–9-year-olds was 1.5% in Vanuatu and 27.4% in Tarawa. The seroconversion rate amongst 

1–9-year-old children in Vanuatu and Tarawa was 0.018 and 0.197 events per child per year, respectively. 

Conclusions: Comparing Vanuatu to Tarawa demonstrates several markers that could be used to differen- 

tiate the trachoma status of populations in these (and other) locations. 

© 2020 Published by Elsevier Ltd on behalf of The British Infection Association. 
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Introduction 

Trachoma is caused by Chlamydia trachomatis ( Ct ). It is the

leading infectious cause of blindness worldwide and the target

of global elimination effort s. 1 , 2 Trachoma is treated with s urgery

for those with trachomatous trichiasis (TT), mass drug adminis-

tration (MDA) of a ntibiotics, promotion of f acial cleanliness and

e nvironmental improvement, collectively termed the SAFE strategy.

The aim of the A, F and E components of the SAFE strategy is to

reduce prevalence and transmission of ocular Ct infection. Deci-
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ions to start and stop these interventions are based on whether

he prevalence of trachomatous inflammation—follicular (TF) is

5%. 3 , 4 

TF was introduced in the World Health Organization (WHO)

implified trachoma grading scheme to enable assessment of

rachoma by non-specialist personnel on a large scale. 5 TF is often

symptomatic and self-resolving; it is used as a proxy to estimate

he population burden of ocular Ct infection. In some settings

for example, low-prevalence 6 or post-treatment 7 populations)

he specificity and positive predictive value of TF for Ct infection

s low 

8 . Also, while TF is conceptually linked to the likelihood

f future scarring pathogenesis and potential to develop TT, in

ongitudinal studies the number or duration of episodes of TF

lone is not associated with incidence of conjunctival scarring. 9–11 
. 

https://doi.org/10.1016/j.jinf.2020.01.015
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.01.015&domain=pdf
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herefore, there is a potential role for non-TF markers in the

ssessment of trachoma. 

Data from the Solomon Islands, 12 Vanuatu 

13 and Papua New

uinea 14 have shown the epidemiology of trachoma in Melane-

ia to be unusual in that TT is rare or absent despite a moderate

revalence of TF. In contrast, in Kiribati, both TF and TT exceed the

revalence threshold for trachoma to be considered a public health

roblem. 15 , 16 Studies of high-TF villages in the Solomon Islands

ave shown infection prevalence, anti-Pgp3 antibody prevalence

nd scarring severity to be low despite high TF prevalence. 17 , 18 The

acific Islands are, therefore, a setting where deploying additional

etrics of Ct infection and pathogenesis may be valuable to pol-

cy makers as they decide how best to manage trachoma. Here,

he measurement of three markers (ocular Ct infection, anti-Pgp3

ntibodies and conjunctival scarring) was integrated with estima-

ion of population-based prevalence of TF. The aims of this study

ere to demonstrate the utility of non-TF markers by contrast-

ng the relationship between TF and ocular Ct infection in Van-

atu, where infection is suspected to be rare, to that in Kiribati,

 neighbouring country where infection is suspected to be more

ommon. 

aterials and methods 

tudy ethics and consent procedure 

The study was approved by the London School of Hygiene &

ropical Medicine (LSHTM; 11158), the Vanuatu National Ethics Re-

iew Board (MOH/DG 01/21 GKT-lr) and the Kiribati Ministry of

ealth and Medical Services (25/05/16). The study was described

erbally to all participants in local languages prior to enrolment.

ll participants provided written consent to take part in the study.

or those under the age of 18 years, a parent or guardian provided

ritten consent on their behalf. Those with clinical signs of tra-

homa were treated in accordance with regional guidelines. 

tudy design 

Population-based prevalence surveys were undertaken in two

valuation units: the island of Tarawa in Kiribati and the coun-

ry of Vanuatu (with urban centres of Port Vila and Luganville

xcluded). The sample was designed to meet contemporary in-

ernational standards for pre-MDA trachoma mapping. The design

f the study, including sample size target, cluster selection and

ousehold selection methodologies were matched to those of the

lobal Trachoma Mapping Project (GTMP), 19 therefore we aimed to

nrol 1018 children aged 1–9 years per EU. The number of house-

olds per cluster was chosen based on the number that could be

easibly examined in one day (25 in Tarawa, 30 in Vanuatu) and

he number of clusters was determined by the number that would

ield the appropriate sample size, based on the expected number

f children per household in recent census data (28 clusters in

arawa, 36 in Vanuatu). 

The survey in Tarawa took place in August–September 2016. The

urvey in Vanuatu took place in June–July 2016. Both surveys were

ompleted prior to any nationwide intervention for trachoma. In

anuatu, mass drug administration of azithromycin (at a dose of

0 mg/kg to a maximum of 2 g) had taken place in Tafea Province,

he southern part of Malekula island and the southern part of Es-

iritu Santo island in 2012 to control yaws. 

linical examination 

Nurses with experience in grading trachoma were re-trained to

vert eyelids, to collect swabs and to grade three key disease signs
rom the WHO simplified grading system: TF, TI and TT. 5 Graders

ere certified prior to survey fieldwork using the GTMP grader

raining scheme. 19 Data were recorded on smartphones using Open

ata Kit (ODK; odk.lshtm.ac.uk) and sent to servers at LSHTM for

leaning and curation. TF prevalence estimates were adjusted for

ge and gender in one-year age categories, TT prevalence estimates

ere adjusted for age and gender in five-year age categories ac-

ording to most recent census data. 20 , 21 

onjunctival scarring 

Following clinical examination of the right eye, a digital pho-

ograph was taken of the conjunctiva. Photographs were linked

o participant information and then reviewed (masked to demo-

raphic details) by two independent photograders. Photographs

ere graded for conjunctival scarring according to the 1981 WHO

rading scheme. 22 Photographs were graded as C0–C3 using the

ollowing criteria: 

• C0: No scarring on the conjunctiva. 
• C1: Mild: Fine, scattered scars on the upper tarsal conjunctiva

or scars on other parts of the conjunctiva. 
• C2: Moderate: more severe scarring, but without shortening or

distortion of the upper tarsus. 
• C3: Severe: Scarring with distortion of the upper tarsus. 

Where the two independent grades agreed, that grade was

onsidered final. Where the primary photograders did not agree,

hotographs were re-graded by a third, highly experienced pho-

ograder and their grade was considered final. 

cular Chlamydia trachomatis infection 

After photography, a sterile, polyester-coated cotton swab was

assed three times, with a 120-degree rotation between each pass,

ver the everted right conjunctiva and placed into a dry, sterile

ryotube. 23 Examiners cleaned their hands with alcohol gel and

hanged gloves between examinations and took care to avoid cross

ontamination of specimens. One swab per village was collected

o control for cross contamination of swabs in the field (referred

o as field controls). Field control swabs were passed within 20 cm

f the eye of a seated participant and then treated identically to

wabs taken from the conjunctivae of study participants. Swabs

ere stored at ambient temperature for up to 24 h, refrigerated for

p to one week and frozen thereafter. Swabs collected in Vanuatu

ere shipped to the UK on dry ice, whereas the facility to ship

n dry ice was not available in Tarawa; swabs collected in Kiribati

ere therefore shipped with ice packs to the UK. Both swab sets

ere stored at −20 °C on arrival in the UK. 

Swabs were processed between September 2017 and January

018. DNA was extracted from the swabs using the QIAamp DNA

ini kit and eluted in 100 μL TE. A single known-negative spec-

men was extracted alongside each batch of clinical specimens to

est for contamination in the extraction process (referred to as ex-

raction controls). Eluate was tested for presence of host DNA (en-

ogenous control target) and Ct plasmid DNA (diagnostic target)

sing a validated droplet digital PCR assay 24 with minor protocol

odifications as described elsewhere. 17 , 25 Known-positive and no-

emplate controls were run on each plate to check for contamina-

ion of reagents and provide guidance for manual threshold gating

referred to as PCR controls). 

nti-Pgp3 antibodies 

Each participant had their finger cleaned and pricked, and a

ew drops of blood collected onto extensions of a filter paper disk
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Fig. 1. ( A ) Location of evaluation units surveyed in 2016. ( B ) Cluster locations (red dots) in Vanuatu. ( C ) Cluster locations (red dots) in Tarawa, Kiribati. Shapefiles obtained 

from Database of Global Administrative Areas ( www.gadm.org ). 
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estimated to hold 10 μL of blood. Blood spots were dried at am-

bient temperature overnight, then refrigerated for up to one week

before freezing. 26 Dried blood spots (DBS) were shipped to the UK

at room temperature and re-frozen on arrival then processed in

January–June 2018. Anti-Pgp3 antibody level was measured with

an ELISA assay, as described elsewhere. 27 , 28 A blocking step was

added to the published protocol for this study: after antigen coat-

ing, plates were incubated for one hour at room temperature on a

rocking platform with 100 μL phosphate-buffered saline with 0.3%

Tween-20 and 5% weight-for-volume milk powder. Optical density

(OD) was normalised as previously described. 27 Thresholds for pos-

itivity were determined as previously described. 29 As there are ge-
etic differences between the majority ethnicities in Tarawa and

anuatu, 30 thresholds for samples from the two EUs were set in-

ependently (normalised OD of 0.568 and 0.703, respectively). 

ata analysis 

Seroconversion rates (SCRs) in children aged 1–9 years were

stimated from age-specific seroprevalence curves using a simple

eversible catalytic model (RCM) as described elsewhere, using

arameters as recommended by those authors. 31 Based on the

pidemiological context, we used a RCM in which the SCR was

ssumed to be constant for all individuals aged between 1 and 9

http://www.gadm.org
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Table 1 

Prevalence of selected signs of trachoma in Vanuatu and Tarawa, Kiribati, 2016. 

EU (population estimate ∗) Age group (years) Number 

examined 

% male TF TI ± TF Unadjusted ∗ TF 

prevalence 

(95% CI) 

Adjusted ∗ TF 

prevalence 

(95% CI) 

TT (%) Unadjusted TT 

prevalence 

(95% CI) 

Adjusted ∗ TT 

prevalence 

(95% CI) 

Vanuatu 

(176,828) 

1–9 1112 52.5 184 0 16.5 

(14.3–18.7) 

16.5 

(14.3–18.7) 

– – –

10–14 418 51.9 60 0 – – – – –

≥15 1940 42.1 15 0 – – 0 0 (0.0–0.2) 0 (0.0–0.3) 

Tarawa 

(63,017) 

1–9 1059 49.5 436 7 41.1 

(38.1–44.1) 

38.2 

(35.7–41.5) 

– – –

10–14 252 53.6 141 6 – – – – –

≥15 1611 31.8 119 30 – – 18 1.1 (0.6–1.6) 0.8 (0.4–1.2) 

∗ Population estimates and age/gender adjustments calculated using most recent census data in Vanuatu (20) and Kiribati (21). TF estimates were adjusted for age and 

gender in one-year age bands and TT estimates were adjusted for age and gender in five-year age bands.CI, confidence interval; EU, evaluation unit; TF, trachomatous 

inflammation—follicular; TI, trachomatous inflammation—intense; TT, trachomatous trichiasis. 

y  

B  

w  

f  

c  

P

 

n  

i  

U  

a  

a

R

E

 

i  

e  

t  

c  

o  

q  

m  

(  

c  

2  

s  

m  

t  

l  

o  

T  

w  

y

C

 

p  

o  

p  

t  

a  

p  

V  

m  

d  

Table 2 

Relationship between active trachoma and ocular Ct infection in Vanuatu and 

Tarawa, Kiribati. 

Evaluation 

unit 

ddPCR (%) TF ± TI in the right eye 

No Yes Total 

Vanuatu Negative 731 (98.3) 152 (98.1) 883 (98.2) 

Positive 13 (1.7) 3 (1.9) 16 (1.8) 

Total 744 155 899 

Tarawa Negative 521 (83.0) 195 (51.2) 716 (71.0) 

Positive 107 (17.0) 186 (48.8) 293 (29.0) 

Total 628 381 1009 
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ears because of the lack of recent interventions against trachoma.

ecause of the low seroprevalence, the seroreversion rate (SRR)

as assumed to be 0 events per person per year, as demonstrated

or seroepidemiological studies of malaria. 32 The model deployed

orresponded to scenario 1 version 2 of the scenarios tested by

insent et al. 31 

Proportions were compared using Fisher’s Exact Test. For small,

on-parametric group comparisons (such as comparing the load of

nfection in those with or without TF in Vanuatu), Mann Whitney

 tests were used. Associations between binary dependant vari-

bles were tested by logistic regression with age and gender added

s a priori independent variables. 

esults 

nrolment and prevalence of signs of disease 

Cluster locations are shown in Fig. 1 . Fewer clusters were vis-

ted than originally planned because the sample size was reached

arly. In Vanuatu 3470 people ≥1 year were recruited from 33 clus-

ers, and in Tarawa 2922 people ≥1 year were recruited from 22

lusters. According to the most recent census data, the median age

f the target age group ( ≥1 years) in Vanuatu was 21 years (inter-

uartile range [IQR]: 10–37 years) and the population was 52%

ale. The median age in our sample from Vanuatu was 20 years

IQR: 7–39 years) and 47% were male. In Kiribati, the most re-

ent census suggested the median age in the target population was

2 years (IQR: 11–39) and 51% were male. The median age in our

ample from Kiribati was 19 years (IQR: 6–38 years) and 40% were

ale. The age and gender distributions of sampled individuals in

he two EUs were, therefore, similar to each other. Adult males (the

owest risk group for trachoma and trachoma-associated pathol-

gy) were under-represented in both surveys. The prevalence of TF,

I and TT is shown in Table 1 . The peak age-specific TF prevalence

as in those aged 13 years (63%) in Tarawa and in those aged 10

ears (21%) in Vanuatu. 

onjunctival scarring 

In Vanuatu and Tarawa, 1871/3470 (54%) and 1891/2922 (65%)

articipants had gradable photographs. The age-specific prevalence

f conjunctival scarring is shown in Fig. 2 . A larger proportion of

hotographs from Kiribati had evidence of scarring of any severity

han in Vanuatu (27% versus 7%, Fisher’s Exact test, p < 0.0 0 01),

nd in older people the difference was similarly marked; the

roportion of those aged ≥51 years with any scar was 33% in

anuatu and 72% in Tarawa (Fisher’s exact test p < 0.0 0 01). A

ultivariable regression model was run with any scar as the

ependant variable and age (as a continuous variable), gender,
n EU as independent variables. In that comparison, scars were

ore common in older people (odds ratio [OR]: 1.07, 95% con-

dence interval [CI]: 1.06–1.08; p < 0.001), more common in

emales than males (OR: 1.4, 95% CI: 1.2–1.8; p = 0.001) and less

ommon in Vanuatu than Tarawa (OR: 0.13, 95% CI: 0.10–0.16;

 < 0.001). 

cular Chlamydia trachomatis infection 

All field control swabs tested negative for both Ct and human

NA targets. In Vanuatu, 1040/1112 (94%) children aged 1–9 years

ad swabs which were positive for the endogenous control target;

owever, the extraction controls processed alongside 141 samples

uggested reagent contamination during extraction, and these sam-

les were removed from the analysis. Therefore, results for 899

hildren were included. Of these, 16/899 (1.8%) had evidence of Ct

nfection. The age- and gender-adjusted prevalence of infection was

.5% (95% confidence interval [CI]: 0.8–2.2%). There was no associ-

tion between ocular Ct infection and active trachoma (logistic re-

ression adjusted for age and gender p = 0.71, odds ratio [OR]: 1.3

95% CI: 0.3–4.0]). The median load of infection in those with Ct

nfection was low (96 plasmid copies/swab, range: 66–8160 plas-

id copies/swab). 

In Tarawa, 1009/1059 (95%) of children aged 1–9 years had

wabs which were positive for the endogenous control target. Of

hese, 293 (29.0%) had evidence of Ct plasmid DNA. When adjusted

or age and gender in one-year bands, the adjusted prevalence of

nfection was 27.4% (95% CI: 24.7–30.1%). Prevalence of ocular Ct

nfection was higher in children with active trachoma (logistic re-

ression adjusted for age and gender p < 0.0 0 01, OR: 4.3 [95%

I: 3.2–5.8]; Table 2 ). The median load of detected Ct infections

as high (16,758 plasmid copies/swab, range: 54–5,0 0 0,0 0 0 plas-

id copies/swab). Amongst children with positive swabs, the load

f infection was higher in those with active trachoma in the right

ye (the eye from which swabs were taken) than in those without

ight eye active trachoma (linear regression p = 0.0 0 01). 
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Fig. 2. Age-specific prevalence of conjunctival scar grade in ( A ) Vanuatu ( n = 1871) and ( B ) Tarawa, Kiribati ( n = 1891). Group sizes are displayed above each bar. C0: No 

scarring on the conjunctiva (not shown); C1: Mild: Fine, scattered scars on the upper tarsal conjunctiva or scars on other parts of the conjunctiva; C2: Moderate: more 

severe scarring, but without shortening or distortion of the upper tarsus; C3: Severe: Scarring with distortion of the upper tarsus. 22 
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Anti-Pgp3 antibodies 

In Vanuatu, 3401/3470 (98%) DBS were tested for anti-Pgp3 an-

tibodies, of which 1084 were from children aged 1–9 years. In

Tarawa, 2805/2922 (96%) DBS were tested for anti-Pgp3 antibodies,

of which 1015 were from children aged 1–9 years. We did not col-

lect data on the reasons for non-collection of DBS from the remain-

ing individuals studied. In Vanuatu, the anti-Pgp3 seroprevalence

in those aged 1–9 years was 88/1084 (8%) but increased rapidly

between the ages of 16–25 years. The anti-Pgp3 seroprevalence in

those aged ≥18 years was 50%. In Tarawa, the anti-Pgp3 seropreva-

lence in those aged 1–9 years was 600/1015 (59%) and increased

rapidly throughout the childhood years. The anti-Pgp3 seropreva-

lence in those aged ≥18 years was 90%. Antibody data were avail-

able from 14 cases of infection in Vanuatu and 290 infection cases

in Kiribati. In Vanuatu, 3 out of 14 (21%; 95% CI: 6.7–57.2%) were

seropositive. In Kiribati, 235 out of 290 (81%; 95% CI: 75.9–85.3%)

were seropositive 

From the RCM, the SCR in Vanuatu was estimated at 0.018 (95%

credible interval [CrI]: 0.014–0.022) seroconversion events per 1–9-

year-old per year. In Tarawa, the SCR in those aged 1–9 years was

0.197 (95% CrI: 0.181–0.214) seroconversion events per 1–9-year-

old per year. The mean difference between parameter estimates for

the two study sites is 0.180 (95% CrI: 0.162–0.197); as the credible

interval does not include zero, we would consider these to be sig-

nificantly different. The age-specific seroprevalence in each EU is

shown in Fig. 3 . In Vanuatu, there was no association between ac-

tive trachoma in either eye and anti-Pgp3 antibody level, whereas

in Tarawa anti-Pgp3 antibody levels were significantly higher in

children with active trachoma (logistic regression adjusted for age

and gender p = 0.93 and p < 0.0 0 01, respectively). 

Discussion 

As the trachoma elimination programme continues and em-

phasis shifts towards peri-elimination surveys and post-elimination

surveillance, more specific diagnostics may be required to evaluate

need for interventions. In this study, two trachoma-endemic popu-

lations were surveyed using a range of potential tools for monitor-

ing trachoma and assessing the need for MDA. 

The clinical data collected in both locations of this study were

broadly similar to the pre-treatment data generated by the respec-

tive national programmes. All pre-treatment studies (those pre-
ented here and those completed separately by the national pro-

rammes) followed a similar study design, had similar sample sizes

nd had similar age and gender profiles. There were, however, sig-

ificant differences in the TF prevalence estimates in both study

ites. In Vanuatu, the national programme’s pre-MDA TF prevalence

stimate was 12% (95% CI: 8.1–16.7%) in October–November 2014, 13 

hereas in this survey, carried out in June–July 2016, it was higher

t 16.5% (95% CI: 14.3–18.7%). In South Tarawa, the national pro-

ramme’s pre-MDA TF prevalence estimate was 21.3% in 2012. 15 

n our August–September 2016 survey of South and North Tarawa,

he prevalence was higher at 38.2%. This could suggest sustained

ncreases in TF prevalence in both areas, seasonal variation in TF

revalence or artefact due to sampling variation. Both the current

stimate and the programme’s previous estimate of TT prevalence

n the ≥15-year-old age group in Vanuatu suggest TT to be be-

ow the target threshold for elimination as a public health prob-

em. In Tarawa, both estimates of TT prevalence were above the

arget threshold. Therefore, according to clinical signs alone, im-

lementation of the A, F and E components of the SAFE strategy is

arranted in both populations and the S component is needed in

arawa. 

The scarring and infection data collected provide a more de-

ailed impression of trachoma in each EU. Conjunctival scarring

as more prevalent in Tarawa than in Vanuatu, which probably ex-

lains the difference in TT prevalence between the two locations.

ompared to previous population-based estimates of scar preva-

ence and severity, Tarawa is similar to areas with high ocular Ct

nfection prevalence, 33 and Vanuatu is similar to areas in Melane-

ia with low ocular Ct infection prevalence. 18 

Ocular Ct infection was common in Tarawa, with almost 30%

f the children aged 1–9 years having infection. The relation-

hip between TF and ocular Ct infection in Tarawa resembles

rachoma-endemic districts in sub-Saharan Africa. 34 In contrast,

he relationship between ocular Ct infection and TF in Vanuatu

esembles findings from neighbouring Solomon Islands and Papua

ew Guinea, 17 , 35 with the ocular Ct infection prevalence being

onsiderably lower than the prevalence of TF. Notably, the absence

f association between TF and anti-Pgp3 antibody in Vanuatu

uggests that TF there may have an alternative, non-chlamydial

ause. Data from the Solomon Islands investigating this pattern

uggest that the cause may not be bacterial. 36 Another marker of

nterest for assessing severity of disease is intense inflammation.

ntense inflammation is consistently demonstrated to be associated
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Fig. 3. Upper panels show age-specific anti-Pgp3 seroprevalence in children aged 1–9 years in ( A ) Vanuatu ( n = 1084) and ( B ) Tarawa, Kiribati ( n = 1015). Lower panels 

show age-specific anti-Pgp3 seroprevalence in people of all ages in ( C ) Vanuatu ( n = 3401) and ( D ) Tarawa, Kiribati ( n = 2805). Samples collected June–September 2016. Red 

whiskers indicate 95% confidence intervals. 
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ith incidence and progression of scarring in longitudinal studies

nd prevalence and load of Ct infection are higher in people with

I than in those with TF. In this study, the TI prevalence did not

iffer between 1 and 9-year-olds in Kiribati and in Vanuatu. 

The age-specific anti-Pgp3 seroprevalence curve in Tarawa

uggests a cumulative exposure to Ct over childhood years, cul-

inating in near-universal exposure by early adolescence. This

as been observed in a number of infection-endemic settings 37 

ncluding elsewhere in Kiribati. 16 The SCR suggests Ct transmission

s intense in Tarawa. Conversely, in Vanuatu the low anti-Pgp3

eroprevalence and SCR in children aged 1–9 years suggests overall

xposure to and transmission of Ct in this age group are low. Steep

ncreases in age-specific seroprevalence rates are observed in late

dolescence and early adulthood. This coincides with the median

ge of sexual debut in Vanuatu 

38 and is likely to be attributable to

rogenital Ct exposure. Comparing the age-specific seroprevalence

rofiles from Vanuatu to those from the Solomon Islands shows

hat the mean seroprevalence in 1–9-year-olds and in adults

s higher in the Solomon Islands; it is interesting to note that,

ccording to some recent estimates, the urogenital Ct infection

ate is also higher in the Solomon Islands than in Vanuatu. 39 , 40 

Overall, the prevalence of infection and scaring in Tarawa sup-

ort the clinical data in justifying antibiotic MDA for trachoma. In

anuatu, the scarring and infection data suggest that the absence

f TT may be linked to the relative absence of Ct transmission, sim-

lar to what has been suggested in the Solomon Islands. Therefore,

t seems logical that the Melanesian experience of trachoma is dif-
erent to that seen in Kiribati and sub-Saharan Africa. a  
There are limitations to this work. While the sample size to es-

imate TF prevalence was achieved in both EUs, there were miss-

ng data for some of our analyses. We did not collect data on the

on-response rate in the survey in either EU. A small proportion

f individuals were examined clinically but then did not have ei-

her or both of the swab or DBS collected. The reasons for this

ere not systematically recorded, but field workers anecdotally re-

orted that if the examinations were running slowly or were un-

omfortable to those examined, participants were more likely to

efuse specimen collection. For the scarring analysis, a significant

roportion of people in the study did not have a gradable photo-

raph. The use of photographs has previously been found to be less

han optimal for grading conjunctival signs of trachoma. 41 Should

uture studies utilise clinical photography to diagnose conjuncti-

al scarring, additional field-based checks should be put in place

o ensure image quality at the time of capture. For the SCR esti-

ation, the models used for estimation of SCRs were simplified to

xclude parameters which are not yet fully understood. For exam-

le, we did not account for the influence of non-ocular Ct infec-

ion, which is known to be prevalent in both areas. We acknowl-

dge this may reduce the precision of our SCR estimates, however,

e elected to maintain simplistic models rather than incorporat-

ng parameters which have not been empirically proven. Finally,

e also did not collect data on household-level risk factors for oc-

lar Ct infection, antibody responsiveness or scarring. Data relevant

o potential risk factors for trachoma are available from broadly

verlapping EUs surveyed by the national programme (Vanuatu 

13 

nd South Tarawa 15 ). There are socio-cultural and geographical
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differences between Vanuatu and Tarawa that may be of interest

should the differences in infection and scarring profiles be investi-

gated in more detail. 

There is a definite need for intervention against trachoma in

Tarawa. However, in Vanuatu and other Melanesian countries the

need for intervention is less clear. The non-TF markers used in this

study help to understand the picture of trachoma in Melanesia in

comparison to the neighbouring country of Kiribati, and support

suggestions that non-TF markers should be utilised for decision

making in Papua New Guinea, Solomon Islands and Vanuatu. 42 

Serological surveillance in particular has clear potential for integra-

tion with other disease serosurveillance programmes. 43 Our data

on these additional non-TF markers in this context should stimu-

late further discussion about their wider role in trachoma surveil-

lance. 
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