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Abstract

Background: Mass drug administration (MDA) is part of the current trachoma control strategy, but it can be costly and
results in many uninfected individuals receiving treatment. Here we explore whether alternative, targeted approaches are
effective antibiotic-sparing strategies.

Methodology/Principal Findings: We analysed data on the prevalence of ocular infection with Chlamydia trachomatis and
of active trachoma disease among 4,436 individuals from two communities in The Gambia (West Africa) and two
communities in Tanzania (East Africa). An age- and household-structured mathematical model of transmission was fitted to
these data using maximum likelihood. The presence of active inflammatory disease as a marker of infection in a household
was, in general, significantly more sensitive (between 79% [95%CI: 60%–92%] and 86% [71%–95%] across the four
communities) than as a marker of infection in an individual (24% [16%–33%]–66% [56%–76%]). Model simulations, under
the best fit models for each community, showed that targeting treatment to households has the potential to be as effective
as and significantly more cost-effective than mass treatment when antibiotics are not donated. The cost (2007US$) per
incident infection averted ranged from 1.5 to 3.1 for MDA, from 1.0 to 1.7 for household-targeted treatment assuming
equivalent coverage, and from 0.4 to 1.7 if household visits increased treatment coverage to 100% in selected households.
Assuming antibiotics were donated, MDA was predicted to be more cost-effective unless opportunity costs incurred by
individuals collecting antibiotics were included or household visits improved treatment uptake. Limiting MDA to children
was not as effective in reducing infection as the other aforementioned distribution strategies.

Conclusions/Significance: Our model suggests that targeting antibiotics to households with active trachoma has the
potential to be a cost-effective trachoma control measure, but further work is required to assess if costs can be reduced and
to what extent the approach can increase the treatment coverage of infected individuals compared to MDA in different
settings.
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Introduction

Trachoma, a ‘Neglected Tropical Disease’, is the leading

infectious cause of blindness worldwide and there are currently

an estimated 46 million people with the active stage of the disease

[1]. The disease mostly affects impoverished populations where

people cannot afford treatment and access to running water is

scarce.

The World Health Organization (WHO) advocates the ‘SAFE’

strategy (Surgery for trichiasis, distribution of Antibiotics, Facial

cleanliness and Environmental improvement) to work towards the

Global Elimination of Trachoma as a public health problem by

2020. Annual mass drug administration (MDA) of antibiotics, to

reduce the prevalence of the aetiological bacterium, Chlamydia

trachomatis, is recommended for at least three years to members of

communities in which the prevalence of Trachomatous Inflam-

mation – Follicular (TF) in 1–9 year-olds is 10% or greater [2].

WHO recommends azithromycin as the first-line (oral) antibiotic

for all, except infants under the age of 6 months who are given

topical tetracycline [2]. MDA is advocated because screening

individuals is not cost-effective and there is a poor correlation

between active disease and infection of an individual [3,4,5,6].

Field-ready and cost-effective diagnostic tests for infection with C.

trachomatis are currently unavailable.

The ‘SAFE’ strategy has had success in reducing the prevalence

of active trachoma in certain populations [7,8,9]. However, there

are many costs associated with implementing MDA, particularly if

the antibiotics are not donated, and many uninfected individuals
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receive treatment [10,11,12]. It has been estimated that there are

fifty-seven countries endemic for trachoma [13]. Control pro-

grammes in eighteen of these countries currently receive

azithromycin donated by the manufacturer, Pfizer, through the

International Trachoma Initiative [14]. However a large disparity

remains in certain countries between the number of individuals in

the target population requiring treatment and the number of

individuals receiving antibiotics [14].

If antibiotics can be successfully targeted to groups of infected

individuals within a population rather than being administered to

the whole population, the number of antibiotic doses required per

population may be reduced. This saving of antibiotic resources

could be utilised by other populations who require treatment to

reduce trachoma. However the targeting method would only be

justified if the method is as effective in reducing transmission as

MDA and is also cost-effective.

Households with active trachoma are potential targets for

antibiotic distribution. Trachoma clusters by household

[15,16,17,18] and we have previously shown that in most

communities intra-household transmission is very efficient [19].

We found on average 71% of incident infections to be the result of

household transmission (with the remainder due to transmission

between households). An alternative approach to targeting

treatment would be to limit treatment to children because they

are the principal reservoir and source of infection in most

communities. Children in some communities have been shown to

have a relatively high prevalence of active disease [20,21,22] and a

high burden of infection [23].

Here we investigate whether targeting antibiotics to households

that have at least one member with active disease or to children

alone is effective in the prevention of ocular chlamydial infection

by analysing data on the prevalence of C. trachomatis and active

disease from four endemic populations in West and East Africa

(two in The Gambia, and two in Tanzania) with different baseline

trachoma prevalence. We calculate the cost-effectiveness of

targeted household treatment compared with MDA on the basis

of a mathematical model and previously published data on the

costs of these interventions [10,11].

Methods

Data Collection and Ethical Considerations
Conjunctival swabs were collected from a total of 4,436

individuals living in four endemic populations, which had not

received prior interventions for trachoma control, in West and

East Africa (Upper Saloum District and Jali village in The

Gambia; Kahe Mpya sub-village and Maindi village in Tanzania)

and the presence of infection was assessed using Polymerase Chain

Reaction (PCR) amplification of a target sequence in the common

cryptic plasmid of the bacterium C. trachomatis. Standard

procedures current at the time of these surveys were followed to

prevent contamination, described in [23] and [24]. In Maindi

village, quantitative PCR amplification of the omp1 gene was used

to indicate presence of infection. In all four studies clinical

observations were made by experienced trained observers using a

62.5 binocular loupe and pen torch or direct sunlight. In The

Gambia the more detailed clinical diagnosis ‘‘FPC’’ system [25]

was used but subsequently converted to the simplified WHO

grading system [26] for this analysis. In Tanzania the simplified

grading system was used. Active disease was defined as the

presence of TF and / or Trachomatous Inflammation – Intense

(TI). Detailed demographic information was collected including

individual age, gender, and household membership. Full descrip-

tions of the study populations and laboratory methods have been

published elsewhere [17,24,27,28] and details on community

structure are summarized in [19]. Pre-control prevalences of

infection in these populations (all ages) were 7.2%, 22.1%, 9.5%

and 36.0% respectively. The age distribution of the prevalence of

infection in these four communities is given in Table S1. The

proportion of people present and consented to being screened for

trachoma in the four data sets was 0.84 Upper Saloum district,

0.98 Kahe Mpya sub-village, 0.99 Jali village, and 0.86 for Maindi

village. The work presented in this paper is based on further

analyses of the data obtained in the original studies which had

been granted ethical clearance [17,24,27,28] and did not involve

collecting further information. For this reason additional ethical

approval was not sought.

Sensitivity and Specificity of Active Disease as Marker of
Infection

The sensitivity and specificity of active disease (TF and TI) as a

marker of infection were calculated among individuals in each

community. We also calculated the sensitivity and specificity of

active disease exhibited by at least one member of a household as a

marker for infection of at least one household member (which we

refer to as the household sensitivity and specificity).

Model of Infection Transmission
Ocular chlamydial infection probably elicits only a limited

protective immune response against re-infection and can be

described by a simple Markov model where each individual may

be either susceptible or infected. We have previously analyzed a

susceptibleRinfectedRsusceptible (SIS) model where the popula-

tion is structured into households [19,29,30]. Here we have

extended this model to allow for different transmission parameters

among ‘children’ (those aged less than ten years) and ‘adults’ (those

individuals aged 10 years and older) (Text S1 ‘Model of Ocular

Chlamydia Transmission’). We chose this classification of age because

children under the age of ten are considered to be the principal

reservoir of infection. Transmission parameters of each model for

Author Summary

Repeated ocular infection with the bacterium Chlamydia
trachomatis leads to the development of trachoma, a
major cause of infectious blindness worldwide. Mass
distribution of antibiotics, a component of the current
trachoma control strategy, has had success in reducing
infection in some areas, but results in a large number of
uninfected people receiving antibiotics. We have previ-
ously shown that transmission of the bacteria between
people in the same household is very efficient. Here, we
investigated the effectiveness and cost-effectiveness of
targeting antibiotics to households with active trachoma
(inflammatory disease) compared to mass distribution,
using data from four trachoma-endemic populations and a
mathematical model of transmission. We found a high
correspondence between households with active tracho-
ma and infected households. In all populations the
household targeted approach was predicted to be as
effective as mass distribution, but it reduced the number
of uninfected individuals receiving antibiotics, making the
targeted strategy more cost-effective when antibiotics are
not donated. Assuming antibiotics are donated, we
predicted the targeted strategy to be more cost effective
if it increases the proportion of infected individuals
receiving treatment. Further work to address the feasibility
and the cost variability in implementing the targeted
approach in different settings is now required.

Targeting Antibiotics for Trachoma Control
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each dataset were estimated from the survey data using maximum

likelihood, assuming endemic equilibrium. The most parsimonious

yet adequate model for each dataset was selected using the Akaike

Information Criterion (AIC) [31]. The transmission model was

written in R (version 2.7.2). The rate of recovery from infection

was taken as the reciprocal of the average duration of infection

estimated from a Gambian cohort with frequent follow-up [4]

(18.6 weeks for children, 7.1 weeks for adults and 17.2 weeks on

average for the non-age-structured model).

Stochastic Simulations of Treatment Scenarios
The effectiveness of different treatment strategies was assessed

using the most parsimonious model identified for each of the

communities (Text S1 ‘Model Selection’, Table S2). With the

exception of Upper Saloum district, the transmission models

included a greater contribution of children to transmission than

adults. Active disease at the household level was incorporated into

the model at each round of treatment. At the time of treatment,

each household was assigned a disease status by sampling from a

Bernoulli distribution where the probability of a household having

at least one individual with active disease was taken to be a

function of the number of infected individuals within a household

at the time of treatment. This probability function was calculated

for each dataset on the basis of the observed distribution of

infection and active disease in households of different sizes (Figure

S1).

The outcome of three annual rounds of azithromycin treatment

was investigated in all four populations as this is the number of

treatment rounds recommended by the WHO prior to re-

assessment of the prevalence of active disease when the baseline

prevalence of TF in children is greater than 10%. For a

transmission model parameterised to Maindi village, annual

rounds were predicted to result in infection returning to almost

baseline level in all strategies within one year after a treatment

round suggesting that the treatment rounds need to be more

frequent for this higher transmission setting. Therefore the effect of

six bi-annual rounds was investigated for this setting.

Stochastic simulations of the model were used to examine four

possible treatment scenarios:

a) MDA, in which the aim is to treat everyone in the community

but a certain proportion of individuals is missed;

b) Household targeted treatment (HTT) of households with one

or more members presenting with active disease in a

household but a proportion of individuals is missed;

c) HTT of households with one or more member presenting

with active disease and all members within such household

are treated;

d) MDA of children aged ,10 years only, assuming that a

certain proportion is missed.

A single treatment with azithromycin was assumed to be 95%

efficacious in clearing infection [32]. We did not explicitly model

treatment of infants aged ,6 months with topical tetracycline

instead of oral antibiotics. We assumed treatment coverage to be

80% in a), b) and d). One hundred simulations were run for each

strategy to compare the effectiveness of each strategy. Further

details of the stochastic model (written in R) are given in Text S1

‘Stochastic Simulation Model’.

Cost-Effectiveness
The cost-effectiveness of different antibiotic distribution strate-

gies (compared with the ‘doing nothing’ option) from a

government and societal perspective was assessed using previously

published cost data from Mali and Nepal [10,11] (summarised in

Table S3) and the results from the stochastic simulations. The cost

data were collected in 1998 and 2000 respectively for the studies in

Mali and Nepal. Using the most recently available consumer price

index for the two countries (2007) [33,34,35], the costs were

converted to the value of US$ in 2007. Costs included the generic

price of azithromycin per tablet, drug delivery costs per population

size, and opportunity costs (the amount of money not earned per

recipient whilst they attend the treatment campaign). Delivery

costs in the Mali study consisted of governmental (salaries and

vehicle investment) and distribution (dispatching, training of

nurses and other health workers, per diems and fuel) costs specific

to each strategy. Delivery costs in the study from Nepal were

composed of salary and transportation costs and not the training of

health workers. The delivery costs were higher for household-

targeted treatment as they accounted for the extra training and

salaries of nurses to diagnose trachoma in Mali and the increase in

transport costs in Nepal (in this study two trips per community

were assumed for this strategy: one for screening and one for

treatment). We assumed that MDA was distributed via a central

site. In agreement with the study in Mali, we assumed that

opportunity costs equal to half a day or one hour’s wages were

incurred by individuals aged $10 years receiving treatment during

MDA or HTT respectively. We assumed that individuals aged 10

years or older received an average of 3.43 azithromycin tablets

and those under the age of 10 received an average of 1.02 tablets.

(Text S1 ‘Cost Effectiveness Analysis’). One hundred stochastic

simulations were performed for each strategy in each community

and the costs were applied to the resulting simulations. The total

cost of azithromycin was calculated by multiplying the number of

individuals receiving treatment by the price per tablet and the

mean number of tablets received in that age group. The delivery

costs were scaled linearly to the size of the population in the four

endemic areas under study and were assumed to occur at each

round of treatment.

A discount rate of 3% per year was applied to all costs. Two

estimates of total drug costs, delivery costs and opportunity costs

were obtained using the two different sets of cost data and the

mean cost of the two was calculated. Cost-effectiveness was

calculated on the basis of the median effectiveness observed in the

simulations, with lower and upper bounds based on the inter-

quartile range of the simulations and the upper and lower costs

from the two cost studies.

Results

Active Disease as a Marker of Infection
In all four communities (Upper Saloum district and Jali village

in The Gambia, and Kahe Mpya sub-village and Maindi village in

Tanzania) the sensitivity of active disease as a marker of infection

was higher and specificity lower at the household level compared

with the individual level (Table 1). Limiting clinical diagnosis in a

household to children under the age of 10 years resulted in a

similar household sensitivity and specificity compared to under-

taking clinical diagnosis in all age groups (Table S4).

Stochastic Simulations
Targeting treatment to households, in which at least one

resident has active disease, was predicted to result in post-

treatment dynamics similar to MDA (Figure 1). The household-

targeted approach had a slightly higher rate of return of infection

and therefore the probability of eliminating infection five years

after the last treatment round was predicted to be somewhat lower

than the probability of eliminating infection after MDA (absolute

Targeting Antibiotics for Trachoma Control

www.plosntds.org 3 November 2010 | Volume 4 | Issue 11 | e862



difference between the probabilities in each setting was 20.22,

20.04, 20.25 and 20.12 for Upper Saloum district, Jali village,

Kahe Mpya sub-village and Maindi village respectively). However

if all individuals in targeted households were treated, then the

probability of eliminating infection was predicted to greatly

increase in each setting, being greater than MDA (absolute

difference between the probability of eliminating infection after

HTT with 100% coverage within the targeted households and the

probability of eliminating infection after MDA was 0.26, 0.69,

0.07 and 0.44 respectively) (Figure 1). Limiting MDA to children

under the age of 10 years resulted in an initial decrease in the

prevalence of infection in the untreated older population (Figure

S2) but the probability of eliminating infection in the whole

community was greatly reduced compared to the other treatment

scenarios investigated (Figure 1). There was a relatively smaller

difference in effectiveness between the different treatment

scenarios in the communities with relatively low baseline

prevalence (Upper Saloum district and Kahe-Mpya sub-village)

Table 1. Sensitivity and specificity of active trachoma as a marker of infection.

Population Sensitivity Specificity

Individual level Household level Individual level Household level

Upper Saloum District, The
Gambia

0.24 [0.16–0.33] 0.79 * [0.60–0.92] 0.93 [0.92–0.96] 0.64 * [0.53–0.74]

Jali village, The Gambia 0.63 [0.57–0.70] 0.86 * [0.71–0.95] 0.95 [0.94–1] 0.77 * [0.46–0.95]

Kahe Mpya sub-village, Tanzania 0.66 [0.56–0.76] 0.80 [0.68–0.90] 0.84 [0.82–0.87] 0.58 * [0.49–0.66]

Maindi village, Tanzania 0.63 [0.57–0.69] 0.84 * [0.77–0.90] 0.74 [0.70–0.78] 0.58 * [0.47–0.68]

Results are shown for four trachoma endemic communities in West and East Africa (Upper Saloum and Jali in The Gambia, and Kahe-Mpya and Maindi in Tanzania).
Numbers in square brackets indicate 95% binomial confidence intervals. The symbol * indicates statistical significance (p,0.05) between the individual and the
household level using Fisher’s exact test.
doi:10.1371/journal.pntd.0000862.t001

Figure 1. Comparison of MDA with HTT or MDA of children ,10 years old only. The y-axis represents prevalence of ocular C. trachomatis
infection. Blue (+) – MDA with 80% coverage, Red (*) – HTT with 80% coverage, Green ({) – HTT with 100% coverage, Purple (D) – MDA of children
under the age of 10 years old with 80% coverage. Treatment rounds commence at time = 0. Upper Saloum district, Kahe Mpya sub-village and Jali
village have three annual treatment rounds, Maindi village has six biannual rounds because of the high baseline prevalence of infection. 100
stochastic simulations were run for each scenario and the median of these simulations at each time point are displayed here. The bar charts show the
probability of eliminating infection from the community for each treatment scenario. MDA = Mass drug administration. HTT = Household targeted
treatment.
doi:10.1371/journal.pntd.0000862.g001
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but HTT with 100% coverage, remained the most effective

treatment scenario.

Modifying the model to account for variation in the efficiency of

transmission among households resulted in faster return of

infection for all treatment strategies in the simulations and the

probability of eliminating infection was lower five years after the

last treatment round (Figure S3). However, the relative impact of

the different strategies remained robust to this additional

complexity.

Cost-Effectiveness
A household-targeted approach resulted in a similar number of

infected individuals receiving treatment compared with MDA, but

reduced the number of treatments given to uninfected individuals

(Figure 2A). Assuming 80% therapeutic coverage and that

azithromycin was not donated, HTT was predicted to be more

cost-effective than MDA in all four communities when including

the cost of generic azithromycin (Table 2). Assuming azithromycin

was donated, HTT was predicted to be more cost effective when

opportunity costs for individuals collecting drugs in the MDA

approach were included (Table 2). Otherwise, MDA was

estimated to be more cost effective. We did not calculate the

cost-effectiveness of targeting treatment to children because the

model simulations showed it to be the least effective of the four

treatment scenarios at controlling infection.

If a visit to a household facilitates treatment of all members,

then there was a large increase in the number of incident infections

averted compared with either MDA or targeted approaches with

80% coverage in hyperendemic settings (Figure 2B). As a result,

the household targeting strategy in which all members of diseased

households are treated was predicted to be significantly more cost-

effective in the areas with high baseline prevalence, even when

azithromycin was assumed to be donated (Table 2).

Discussion

A targeted approach for distributing azithromycin would result

in fewer antibiotic doses distributed per head of population than

MDA, thus saving medication for use by other trachoma endemic

populations in need of treatment to reach ‘the Global Elimination

of Trachoma as a public health problem by the year 2020’.

However the approach would only be warranted if it is as effective

in reducing ocular C. trachomatis prevalence in a population as

MDA and as cost-effective.

Our results have indicated that targeting antibiotics to

households with at least one member with active disease has a

similar effect to MDA in the reduction of infection. Active disease

was found not to be 100% sensitive as a marker of infection at the

household level and this explains the small differences observed

between the two strategies. However, we have shown that HTT

results in a large reduction in the number of uninfected individuals

receiving antibiotics compared to MDA (26%–51% reduction).

When antibiotics were assumed to be donated, opportunity costs

incurred by individuals taking time to collect tablets from the

MDA program resulted in HTT being more cost-effective.

Although the large majority of trachoma control programmes

currently operate using donated azithromycin, we also estimated

the cost-effectiveness of HTT assuming antibiotics were purchased

at the generic price, to give a monetary value to the amount of

antibiotic used in each strategy for the donor’s perspective of the

strategy and because some small scale programmes operating at

village levels do purchase the drug [36,37]. In this case the

dominating cost was that of the antibiotics and so HTT was

estimated to be more cost-effective.

If all members of visited households were assumed to be treated

as a result of the visit by the treatment team, a much higher chance

of eliminating infection from the community in all settings

compared with MDA was predicted. The success of this approach

will depend on the extent of household transmission and the

degree to which household visits can boost treatment coverage.

For example, in a community such as Kahe Mpya where

household transmission was estimated to be limited [19], this

approach can be hypothesised to be less effective. Baseline surveys

of the prevalence of disease could be used as an indicator for the

likely degree of household transmission, enabling the selection of

communities that would benefit from a targeted approach. A large

effort is typically required to achieve high coverage levels for MDA

control programs [38]. In contrast, analogy can be drawn with

other disease control programmes, such as vaccination for polio

and measles, in which a house-to-house strategy of administering

Figure 2. Total number of individuals receiving antibiotics and
incident infections averted for MDA compared with HTT.
Coloured bars correspond to the different communities: Blue (1) –
Upper Saloum District, Green (2) – Jali village, Black (3) – Kahe Mpya
sub-village and Red (4) – Maindi village. A) The grey bars correspond to
the total number of infected individuals receiving antibiotics and the
white bars correspond to the number of uninfected individuals
receiving antibiotics. B) The total number of incident infections averted
is from the start of treatment through to 5 years after the last round of
treatment. For both panels Upper Saloum district, Kahe Mpya sub-
village and Jali village have three annual treatment rounds, Maindi
village has six biannual rounds. 100 stochastic simulations were run for
each scenario and the median of these simulations at each time point
are displayed here. The error bars correspond to the inter-quartile
range. Therapeutic coverage is donated by g. MDA = Mass drug
administration. HTT = Household targeted treatment.
doi:10.1371/journal.pntd.0000862.g002
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vaccination achieves much higher coverage than a fixed point

campaign [39,40]. Whether all household members can be

reached with a single household visit remains to be investigated

and further work is required to address whether coverage of

infected individuals can be improved with HTT at what additional

costs.

The cost per incident infection averted was greatly reduced

when 100% of targeted-household members were assumed to be

treated in areas with a relatively high prevalence of infection at

baseline (Jali and Maindi villages), both when assuming azithro-

mycin was and was not donated. In low prevalence settings the

additional benefits of treating all household members were less

apparent in our simulations because we investigated the effect of

only three annual rounds of treatment, which, in these settings,

were sufficient for any treatment scenario to have a greater than

50% chance at eliminating infection.

There are some caveats to our cost analysis: the cost data used

in the study are a decade old and the linear scaling of delivery costs

to the size of each community may not be appropriate for some

costs (for example the time taken to perform a round of HTT may

depend not only on the size but also on the geography of the

population). However, the two cost studies referred to were the

only published cost data at the time of our study that included the

full cost of HTT. We assumed that individuals aged $10yr

received a mean of 3.4 tablets whilst those aged,years received 1

tablet. This is a simplification and does not include azithromycin

suspension given to younger children and topical tetracycline given

to infants under 6 months. However, this would increase the total

cost of antibiotics further, making targeted treatment more cost-

effective.

We assumed that MDA occurred via a central site distribution.

The WHO states that MDA can be carried out either via central

site or by house to house distribution [2]. If we had assumed the

latter for MDA there would have been a smaller difference in the

distribution costs between MDA and HTT, (the only difference

would be the cost of screening for active disease) and so HTT

would have appeared more cost-effective in comparison to MDA.

We took the assumption from the Mali cost study that MDA via a

central site would result in adult antibiotic recipients having an

opportunity cost of half a day’s wages and HTT one hour’s wages.

However the WHO advises that MDA should be performed

outside of the farming season [2] to try to minimise opportunity

costs and improve the treatment coverage. In our analysis

opportunity costs had a small impact on the cost-effective estimates

but further studies could be performed to analyse what proportion

of the recipient population’s activities are interrupted by the

different treatment campaigns.

The costs involved in treatment scenarios are likely to vary from

country to country and by size of the community treated. Our

work has investigated HTT in populations of approximately 1,000

people. If such an approach were to be implemented on a district

or even country-wide scale, economies of scale will have to be

considered e.g. a large number of nurses (or volunteers) will have to

be trained for screening and there may be societal costs incurred as

such personnel may stop working on other health programmes.

Further studies are required to investigate these differences.

The delivery costs of targeting treatment to diseased households

could be reduced in a number of ways which need to be

researched further. We currently assume separate visits to

households to assess disease and provide antibiotics. Assessment

and treatment could be administered in a single visit, thereby

reducing transport and salary costs. Furthermore, village volun-

teers could be trained to assess clinical disease to reduce the costs

of ophthalmic nurses (a scheme which has been trialled with

success in Ghana [41]). We also assumed that all residents would

be screened for active disease at each round of HTT. Firstly, this

could be limited to children under the age of ten: we have shown

here that this approach has the same sensitivity as screening all

ages but the difference in cost between the two approaches

remains to be ascertained. Secondly, in practice, as soon as one

person in a household is found to have active trachoma, the

remainder of the household would not need to be screened.

Therefore the cost of HTT in this work may be an overestimate in

the higher prevalence settings where it is likely that in some

households not all residents would be required to be screened.

Further data are required to elucidate how the cost of screening for

identifying target households will vary for different levels of

prevalence and household clustering, including settings where

WHO currently recommends HTT (active trachoma prevalence

of 5%–9% in 1–9 year olds).

Data on active trachoma, analysed in this study, were collected

in a scientific setting by experienced observers. The accuracy of

trachoma grading may be more variable in a programmatic

setting. A consequence of this would be that that sensitivity and

specificity of active disease as a marker of infection at the

individual level could worsen. However, this may be less significant

at the household level, where diagnosis of just a single case of

active disease is sufficient for treatment of that household. Further

field studies would help understand the implications of trachoma

grading error on HTT.

The original analyses of the cost data from Nepal and Mali

differed from our work. The study in Nepal [11,42] compared

MDA of children to HTT of all ages. The study found the two

strategies not to be significantly different from one another in the

reduction of active disease and the costs involved (although this

could be explained in part by the low power of the study). The

original study in Mali [10] found HTT to be significantly less

effective than MDA of the whole population with respect to the

reduction of active disease prevalence one year after one round of

treatment (although the age-adjusted odds ratio for prevalence

active disease after HTT in relation to MDA was 1.56 with 95%

confidence intervals of 1.00–2.43 indicating the strategies could

have had the same outcome). The study found HTT to be more

cost-effective except in low transmission settings. A difference

between our work and the previous cost analyses is that here the

cost was calculated as a cost per incident infection averted over five

years rather than a change in point prevalence between baseline

and one time point in the previous cost analysis. Measuring the

number of infections avoided is not feasible in the field but

measuring the cost-effectiveness in this way from model simula-

tions gives a better insight into the impact of each treatment

scenario on cumulative exposure to infection and therefore the

ocular disease process.

Limiting treatment to children is another way to target

treatment. Our models predicted that the prevalence in adults

declines when children under the age of ten are treated, in

agreement with House et al. [43], but this strategy is not as effective

as MDA or HTT because the probability of eliminating infection

is reduced in all four communities. Women could be included

along with children in the target group as explored in the study in

Mali [10]. However we did not investigate this strategy because

the number of transmission parameters to be estimated would

have been too large for the size of our dataset and the prevalence

of infection did not differ largely between males and females in the

study communities (excluding Maindi) [23]. Besides, there is

considerable risk that specifically excluding adult males from

treatment schedules would jeopardise community support for drug

distribution.
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Another method to target treatment would be to ‘graduate’

communities from MDA once the prevalence of ocular C.

trachomatis infection is below a certain threshold, as suggested by

Ray and colleagues [44]. Their study predicted graduating

communities to be efficacious and drug-sparing (assuming a

diagnostic test for infection becomes available in a field-ready

format), by fitting a stochastic model allowing for heterogeneous

transmission between communities, to the Upper Saloum district

and Kahe Mpya sub-village data and a group of communities in

Ethiopia.

Therefore two separate analyses of the Tanzanian and

Gambian data sets have resulted in two different suggestions for

targeting treatment. Here we fitted and simulated under a model

of transmission which allows individuals to be infected by an

infected member of their household or community at two different

rates, specific to the setting. The Upper Saloum district contains

14 villages and this analysis grouped the villages together as one

population. The Tanzanian sub-village contains balozis (groups of

roughly 10 households that form an administrative unit) that we

also grouped together. Additional analysis would be required to

understand the relationship between within household transmis-

sion and heterogeneous community transmission where several of

the communities constitute a larger population. This would then

allow comparisons of the different targeting strategies to be made.

A recent study in Ethiopia [45] found that communities which

had received MDA with azithromycin was associated with an odds

ratio of 0.51 (0.29–0.90) for childhood (1–9 years) mortality one

year after commencement of MDA compared to children in

communities which did not receive the antibiotic. If this

phenomenon extends to other settings then the impact of HTT

with azithromycin on child mortality should be examined.

Caveats to our model of transmission have been described

previously [19]. Infection status of individuals was characterised

through PCR of ocular swabs. Standard precautions at the time of

data collection were performed to prevent contamination of

infection data (although the risk of contamination cannot fully be

ruled out due to the absence of negative field controls). Sensitivity

analysis of the assumption that each household is at equal risk of

becoming infected found that increasing the level of heterogeneity

in the household transmission parameters resulted in a faster rate

of return of infection after treatment with a lower probability of

eliminating infection for each treatment strategy. Further studies

are needed to quantify differences in households’ risk of becoming

infected. Individuals were assumed not to move from one age

group to the next but this is a reasonable simplification as the time

spent in the lower age group (ten years) by each individual is far

longer than the average duration of infection. We have assumed

that the relationship between active disease and infection remains

constant in a household after treatment. This requires further

investigation but preliminary analyses of follow-up data from

Upper Saloum District and Kahe Mpya sub-village indicates that

households with at least one person with active disease at baseline

can predict which households will contain individuals with ocular

chlamydial infection at follow-up time points more accurately than

households with active disease at follow-up.

The model did not include interventions to improve facial

cleanliness (F) or the environment (E), the interventions advocated

by WHO to accompany the distribution of antibiotics [2]. The

exclusion of these interventions allowed the predicted effectiveness

and cost-effectiveness of the different distribution strategies to be

shown clearly. Inclusion of ‘F’ and ‘E’ would reduce the rate of

return of infection and increase the probability of eliminating

infection by an uncertain factor but is unlikely to alter the rank

order of the impact of the different distribution strategies. If the

cost of implementing ‘F’ and ‘E’ is independent of the antibiotic

distribution strategy then the relative differences between the cost-

effectiveness of implementing trachoma control for different

antibiotic distribution strategies would remain unchanged. The

exclusion of ‘F’ and ‘E’ from the model may explain why infection

was observed to return relatively slowly in Maindi village following

two rounds of treatment whereas our model predicts infection to

rapidly return for an area with such a high baseline prevalence of

infection. Changes in hygiene could have arisen in the village

through residents receiving radio broadcasts by the National

Trachoma Control Programme informing individuals to improve

face washing and latrine usage [46] or alternatively, by simply the

presence of the intervention itself, altering individuals’ behaviour.

Our model suggests that targeting treatment to households that

have at least one resident with active trachoma is as effective as

MDA in a diverse variety of settings and can be more effective if

the strategy increases the coverage of infected individuals. We also

show that HTT is drug-sparing and has the potential to be more

cost-effective but to have a better understanding of this in settings

for which azithromycin is donated, more studies are required to

evaluate whether HTT can improve antibiotic coverage levels of

infected individuals and whether the cost can be further reduced

compared with costs recorded in the studies in Mali and Nepal.

The results of these studies will provide a better understanding of

efficient and effective antibiotic distribution approaches for

trachoma control programmes in countries with limited resources.

Supporting Information

Figure S1 The probability of a household having one or more

members with active disease, given a certain number of infected

individuals, calculated for the four endemic populations.

Found at: doi:10.1371/journal.pntd.0000862.s001 (0.59 MB EPS)

Figure S2 Reduction in prevalence of ocular C. trachomatis

infection in adults and children when only children ,10 years

receive MDA. The transmission parameters used were those

estimated by fitting the model to the data from the respective

communities. The lines are median values of 100 stochastic

simulations. The black line corresponds to prevalence in ‘children’

,10 years and the grey line corresponds to ‘adults’, aged $10

years old.

Found at: doi:10.1371/journal.pntd.0000862.s002 (0.66 MB EPS)

Figure S3 Role of heterogeneity in household transmission

parameters for controlling infection. Blue - Mass treatment with

80% coverage, Red - Treatment targeted at households with one

or more individuals with active disease but 80% of individuals in

each household receive treatment, Green - Treatment targeted at

households with one or more individuals with active disease and

100% of individuals in each household are treated, Purple - MDA

of children under the age of 10 years old with 80% coverage.

Treatment rounds occur at times = 0, 1 and 2. The model fitted to

Jali village was used as an example as it has reasonably high

baseline prevalence and a large amount of household transmission.

The bar chart shows the probability of eliminating infection after

three rounds of household targeted treatment for communities

with varying levels of heterogeneity of household susceptibility.

Slight heterogeneity corresponds to an overdispersion parameter

of 5 and strong heterogeneity corresponds to an overdispersion

parameter of 1.5.

Found at: doi:10.1371/journal.pntd.0000862.s003 (0.89 MB EPS)

Table S1 The number of individuals and prevalence of infection

for each age group in four trachoma endemic communities. The
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numbers in the square brackets are 95% binomial confidence

intervals.

Found at: doi:10.1371/journal.pntd.0000862.s004 (0.03 MB

DOC)

Table S2 Comparison of Different Trachoma Transmission

Models Fitted to Infection Data.

Found at: doi:10.1371/journal.pntd.0000862.s005 (0.04 MB

DOC)

Table S3 Cost Data from Mali and Nepal summarised from

[10] and [11].

Found at: doi:10.1371/journal.pntd.0000862.s006 (0.03 MB

DOC)

Table S4 Sensitivity (a) and specificity (b) of active disease as a

marker of infection in the household (both limiting clinical

diagnosis to children under 10 years old and assessing clinical

disease in all ages) for four trachoma endemic communities.

Numbers in square brackets indicate 95% binomial confidence

intervals. There is no statistical significant difference between

assessing active disease in children under ten years old and

assessing disease in all ages (Fisher’s exact test p.0.05).

Found at: doi:10.1371/journal.pntd.0000862.s007 (0.03 MB

DOC)

Table S5 Maximum likelihood estimates of the transmission

parameters for each of the four populations and nested models.

The numbers in square brackets denote 95% confidence intervals.

Found at: doi:10.1371/journal.pntd.0000862.s008 (0.51 MB

DOC)

Text S1 Extra information of the methods: Model of Ocular

Chlamydia transmission, Parameter Estimation, Model selection,

Stochastic simulation and cost-effectiveness analysis.

Found at: doi:10.1371/journal.pntd.0000862.s009 (0.42 MB

DOC)

Acknowledgments

We thank Alan Fenwick for his comments on the manuscript. We also

thank Aura Andreasen (formerly Aguirre) and Esther Aryee for their work

on the PCR swab samples.

Author Contributions

Conceived and designed the experiments: IMB MJB AWS SKW MGB

MG RLB DCWM NCG. Performed the experiments: MJB AWS SKW

RLB DCWM. Analyzed the data: IMB NCG. Wrote the paper: IMB.

References

1. Mariotti SP, Pascolini D, Rose-Nussbaumer J (2009) Trachoma: global

magnitude of a preventable cause of blindness. Br J Ophthalmol 93: 563–568.

2. Solomon AW, Zondervan M, Kuper H, Buchan JC, Mabey D, et al. (2006)

Trachoma control: a guide for programme managers. Geneva: World Health

Organization.

3. Jawetz E, Rose L, Hanna L, Thygeson P (1965) Experimental inclusion

conjunctivitis in man: measurements of infectivity and resistance. JAMA 194:

620–632.

4. Grassly NC, Ward ME, Ferris S, Mabey DC, Bailey RL (2008) The natural

history of trachoma infection and disease in a Gambian cohort with frequent

follow-up. PLoS Negl Trop Dis 2: e341.

5. Bailey RL, Arullendran P, Whittle HC, Mabey DC (1993) Randomised

controlled trial of single-dose azithromycin in treatment of trachoma. Lancet

342: 453–456.

6. Taylor HR, Siler JA, Mkocha HA, Munoz B, West S (1992) The natural history

of endemic trachoma: a longitudinal study. Am J Trop Med Hyg 46: 552–559.

7. Kuper H, Solomon AW, Buchan JC, Zondervan M, Mabey D, et al. (2005)

Participatory evaluations of trachoma control programmes in eight countries.

Trop Med Int Health 10: 764–772.

8. Yayemain D, King JD, Debrah O, Emerson PM, Aboe A, et al. (2009)

Achieving trachoma control in Ghana after implementing the SAFE strategy.

Trans R Soc Trop Med Hyg 103: 993–1000.

9. Ngondi J, Onsarigo A, Matthews F, Reacher M, Brayne C, et al. (2006) Effect of

3 years of SAFE (surgery, antibiotics, facial cleanliness, and environmental

change) strategy for trachoma control in southern Sudan: a cross-sectional study.

Lancet 368: 589–595.

10. Schemann JF, Guinot C, Traore L, Zefack G, Dembele M, et al. (2007)

Longitudinal evaluation of three azithromycin distribution strategies for

treatment of trachoma in a sub-Saharan African country, Mali. Acta Trop

101: 40–53.

11. Frick KD, Lietman TM, Holm SO, Jha HC, Chaudhary JS, et al. (2001) Cost-

effectiveness of trachoma control measures: comparing targeted household

treatment and mass treatment of children. Bull World Health Organ 79:

201–207.

12. Baltussen RM, Sylla M, Frick KD, Mariotti SP (2005) Cost-effectiveness of

trachoma control in seven world regions. Ophthalmic Epidemiol 12: 91–101.

13. Mariotti SP, Pascolini D, Rose-Nussbaumer J (2008) Trachoma: global

magnitude of a preventable cause of blindness. Br J Ophthalmol.

14. International Trachoma Initiative (2009) Where we work. http://www.

trachoma.org/core/sub.php?cat = country&id = country Accessed 6/11/09.

15. Katz J, Zeger SL, Tielsch JM (1988) Village and household clustering of

xerophthalmia and trachoma. Int J Epidemiol 17: 865–869.

16. Bailey R, Osmond C, Mabey DC, Whittle HC, Ward ME (1989) Analysis of the

household distribution of trachoma in a Gambian village using a Monte Carlo

simulation procedure. Int J Epidemiol 18: 944–951.

17. Burton MJ, Holland MJ, Faal N, Aryee EA, Alexander ND, et al. (2003) Which

members of a community need antibiotics to control trachoma? Conjunctival

Chlamydia trachomatis infection load in Gambian villages. Invest Ophthalmol

Vis Sci 44: 4215–4222.

18. Polack SR, Solomon AW, Alexander ND, Massae PA, Safari S, et al. (2005) The
household distribution of trachoma in a Tanzanian village: an application of

GIS to the study of trachoma. Trans R Soc Trop Med Hyg 99: 218–225.

19. Blake IM, Burton MJ, Bailey RL, Solomon AW, West S, et al. (2009) Estimating
household and community transmission of ocular Chlamydia trachomatis. PLoS

Negl Trop Dis 3: e401.

20. West SK, Munoz B, Turner VM, Mmbaga BB, Taylor HR (1991) The

epidemiology of trachoma in central Tanzania. Int J Epidemiol 20: 1088–1092.

21. Dawson CR, Daghfous T, Messadi M, Hoshiwara I, Schachter J (1976) Severe
endemic trachoma in Tunisia. Br J Ophthalmol 60: 245–252.

22. Dolin PJ, Faal H, Johnson GJ, Ajewole J, Mohamed AA, et al. (1998) Trachoma
in The Gambia. Br J Ophthalmol 82: 930–933.

23. Solomon AW, Holland MJ, Burton MJ, West SK, Alexander ND, et al. (2003)

Strategies for control of trachoma: observational study with quantitative PCR.
Lancet 362: 198–204.

24. Bailey RL, Hampton TJ, Hayes LJ, Ward ME, Whittle HC, et al. (1994)
Polymerase chain reaction for the detection of ocular chlamydial infection in

trachoma-endemic communities. J Infect Dis 170: 709–712.

25. Dawson CR, Jones BR, Tarizzo ML (1981) Guide to trachoma control
in programmes for the prevention of blindness. Geneva: World Health

Organization.

26. Thylefors B, Dawson CR, Jones BR, West SK, Taylor HR (1987) A simple

system for the assessment of trachoma and its complications. Bull World Health

Organ 65: 477–483.

27. Solomon AW, Holland MJ, Alexander ND, Massae PA, Aguirre A, et al. (2004)

Mass treatment with single-dose azithromycin for trachoma. N Engl J Med 351:
1962–1971.

28. West SK, Munoz B, Mkocha H, Holland MJ, Aguirre A, et al. (2005) Infection

with Chlamydia trachomatis after mass treatment of a trachoma hyperendemic
community in Tanzania: a longitudinal study. Lancet 366: 1296–1300.

29. Neal P (2006) Stochastic and deterministic analysis of SIS household epidemics.

Adv Appl Prob 38: 943–968.

30. Ball F (1999) Stochastic and deterministic models for SIS epidemics among a

population partitioned into households. Math Biosci 156: 41–67.

31. Burnham K, Anderson D (2004) Model Selection and Multi-model Inference: A

Practical Information-theoretic Approach. New York: Springer. 496 p.

32. Schachter J, West SK, Mabey D, Dawson CR, Bobo L, et al. (1999)
Azithromycin in control of trachoma. Lancet 354: 630–635.

33. NationMaster.com. http://www.nationmaster.com/time.php?stat = eco_con_
pri_ind-economy-consumer-price-index&country = np-nepal#definition Ac-

cessed 7/10/09.

34. UNdata Mali. http://data.un.org/CountryProfile.aspx?crName = Mali Ac-
cessed 7/10/09.

35. UNdata Nepal. http://data.un.org/CountryProfile.aspx?crName = Nepal Ac-
cessed 7/10/09.

36. Paula JS, Medina NH, Cruz AA (2002) Trachoma among the Yanomami

Indians. Braz J Med Biol Res 35: 1153–1157.

37. Lansingh VC, Mukesh BN, Keeffe JE, Taylor HR (2010) Trachoma control in

two Central Australian Aboriginal communities: a case study. Int Ophthalmol

30: 367–375.

Targeting Antibiotics for Trachoma Control

www.plosntds.org 9 November 2010 | Volume 4 | Issue 11 | e862



38. Smits HL (2009) Prospects for the control of neglected tropical diseases by mass

drug administration. Expert Rev Anti Infect Ther 7: 37–56.
39. Linkins RW, Mansour E, Wassif O, Hassan MH, Patriarca PA (1995)

Evaluation of house-to-house versus fixed-site oral poliovirus vaccine delivery

strategies in a mass immunization campaign in Egypt. Bull World Health Organ
73: 589–595.

40. Venczel L, Dobbins J, Andre J, Laender F, Izurieta H, et al. (2003) Measles
eradication in the Americas: experience in Haiti. J Infect Dis 187 Suppl 1:

S127–132.

41. Solomon AW, Akudibillah J, Abugri P, Hagan M, Foster A, et al. (2001) Pilot
study of the use of community volunteers to distribute azithromycin for

trachoma control in Ghana. Bull World Health Organ 79: 8–14.
42. Holm SO, Jha HC, Bhatta RC, Chaudhary JS, Thapa BB, et al. (2001)

Comparison of two azithromycin distribution strategies for controlling trachoma
in Nepal. Bull World Health Organ 79: 194–200.

43. House JI, Ayele B, Porco TC, Zhou Z, Hong KC, et al. (2009) Assessment of

herd protection against trachoma due to repeated mass antibiotic distributions: a

cluster-randomised trial. Lancet 373: 1111–1118.

44. Ray KJ, Lietman TM, Porco TC, Keenan JD, Bailey RL, et al. (2009) When can

antibiotic treatments for trachoma be discontinued? Graduating communities in

three african countries. PLoS Negl Trop Dis 3: e458.

45. Porco TC, Gebre T, Ayele B, House J, Keenan J, et al. (2009) Effect of mass

distribution of azithromycin for trachoma control on overall mortality in

Ethiopian children: a randomized trial. JAMA 302: 962–968.

46. West SK, Munoz B, Mkocha H, Gaydos C, Quinn T (2007) Trachoma and

ocular Chlamydia trachomatis were not eliminated three years after two rounds

of mass treatment in a trachoma hyperendemic village. Invest Ophthalmol Vis

Sci 48: 1492–1497.

Targeting Antibiotics for Trachoma Control

www.plosntds.org 10 November 2010 | Volume 4 | Issue 11 | e862



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


