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PREFACE

This paper contains technical material supporting the article by Aledort et. al. “Reducing 

the burden of sexually transmitted infections in resource-limited settings: the role of 

improved diagnostics.” Nature. S1 59-72 (2006).  It is intended to be read in conjunction 

with that article.  This supplement includes additional material referred to in the 

published article as well as supplemental analyses and tables that were not included in the 

published paper. Although this technical supplement in its current form has not been 

formally peer-reviewed, an earlier version of this paper, which also contained material 

that appears in the corresponding Nature paper, was reviewed by an outside expert and 

was revised in response to the reviewer’s comments. 

The work was funded by the Bill and Melinda Gates Foundation to support the Global 

Health Diagnostics Forum. 

ACKNOWLEDGEMENTS

The authors thank Geoff Garnett (Imperial College London) for helpful comments on an 

earlier draft and Kristin Leuschner (RAND Corporation) for editorial assistance. 



1

TABLE OF CONTENTS

A. Overview.........................................................................................................................1
 A.1. Selection of Priority Intervention Points for Improved STI Diagnostics.........1 
B. Methods...........................................................................................................................2
 B.1. Modeling Health Outcomes .............................................................................2 
 B.2. Estimating Incremental DALYs Saved with a New Diagnostic ......................3 
 B.3. Estimating Individual DALYs Lost .................................................................4 

Table 1: Estimates and Calculations Utilized in the Derivation of DALYs 
Lost per Treated Gonorrhoea and Chlamydia Case......................5 

 B.4. Estimating Downstream Gonorrhoea, Chlamydia and HIV Cases Saved
per Infection Treated.......................................................................................7 

Table 2: Model Projections of the Number of Gonorrhoea, Chlamydia  
and HIV Infections Averted per Treated CSW Over Four Years ...............9 

B.5. Combining DALYs Lost Due to Individual Infection and Downstream 
Transmission .................................................................................................10 

Table 3. Calculating DALYs Lost Per Treated Gonorrhoea and
 Chlamydia Case .........................................................................................11 

 B.6. Estimating DALYs Lost Due to Harm of Treatment .....................................12 
 B.7. Estimating Adjusted DALYs Saved...............................................................13 
C. Additional Model Assumptions and Limitations ..........................................................14 
D. Supplementary Analyses...............................................................................................16 

Table 4.  Incremental Gonorrhoea, Chlamydia and HIV Cases Averted  
 and Adjusted DALYs Saved in Sub-Saharan Africa with a Hypothetical
 New Diagnostic Relative to Status Quo Tests ...........................................18 

Table 5.  Incremental Gonorrhoea, Chlamydia and HIV Cases Averted  
 and Adjusted DALYs Saved in China with a Hypothetical New Diagnostic 

  Relative to Status Quo Tests ......................................................................20 
Table 6.  Incremental Gonorrhoea, Chlamydia and HIV Cases Averted  

 and Adjusted DALYs Saved in southeast Asia with a Hypothetical  
 New Diagnostic Relative to Status Quo Tests ...........................................22 

E. References ....................................................................................................................24

A. OVERVIEW 

Curable bacterial sexually transmitted infections (STIs) such as gonorrhoea and 

chlamydia exact a heavy toll in terms of morbidity and mortality in the developing world, 

the long-term complications of which are disproportionately borne by women. In 
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particular, women with multiple sexual contacts, such as commercial sex workers 

(CSWs), and those whose partners have visited CSWs, are at substantial risk of infection. 

Despite the recognized need for early diagnosis and treatment of gonorrhoea and 

chlamydia, detection strategies are currently limited in low-resource countries.  We 

developed a model to quantify the potential health benefits of new gonorrhoea and 

chlamydia diagnostic tests for symptomatic and asymptomatic CSWs in sub-Saharan 

Africa, China and southeast Asia, three regions that account for the majority of incident 

infections.  The analysis considers test-performance characteristics and access 

requirements associated with a new diagnostic, and incorporates downstream gonorrhoea, 

chlamydia and HIV infections averted. 

A.1. SELECTION OF PRIORITY INTERVENTION POINTS FOR IMPROVED STI

DIAGNOSTICS

At the first meeting of the Global Health Diagnostics Forum of the Bill & Melinda Gates 

Foundation in September 2004, experts assigned to the HIV/STI Expert Panel identified 

gonorrhoea and chlamydia as primary areas of interest because of their high prevalence 

of infection in resource-poor countries and high rates of associated morbidity and 

curability.

The experts then identified several areas for which new diagnostics could improve 

outcomes associated with gonorrhoea and chlamydia.  There was immediate consensus 

that the benefit of improved diagnosis and treatment of gonorrhoea and chlamydia was 

twofold: reductions in individual gonorrhoea and chlamydia morbidity and interruption of 

gonorrhoea, chlamydia and HIV transmission in the community. Initially, three separate 

analyses were proposed for study, reflecting the relative importance of different sub-

populations: (1) Gonorrhoea and chlamydia screening in CSWs who attend STI clinics;

(2) gonorrhoea and chlamydia screening in ‘low-risk’ asymptomatic women, e.g.,  

women who attend family planning and antenatal clinics, and; (3) gonorrhoea and 
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chlamydia diagnosis in women presenting with symptoms, i.e., women  presenting with 

vaginal discharge syndrome and/or lower abdominal pain.   

RAND surveyed the experts in mid-April 2005 to narrow the scope of the HIV/STI 

modeling efforts.  Of the three analyses identified by the group, the CSW model emerged 

as a clear priority because of the increased prevalence of gonorrhoea and chlamydia 

among highly sexually active women and their disproportionate contribution to 

transmission of gonorrhoea, chlamydia and potentially HIV through multiple partners. 

The experts also agreed that it would be important to consider both asymptomatic and 

symptomatic infections.  Moreover, the experts agreed that the gonorrhoea and chlamydia 

analysis should focus on sub Saharan Africa, China and Southeast Asia since those 

regions account for nearly 75 percent of gonorrhoea and chlamydia disease burden in 

women.1

B. METHODS

B.1 Modeling Health Outcomes

Because morbidity (rather than mortality) is the primary health outcome of interest for 

gonorrhoea and chlamydia infections, we report outcomes such as disability adjusted life 

years (DALYs).  DALYs combine length of life with quality of life into a single 

measurement, and allow comparison across multiple health benefits. Given the infectious 

nature of gonorrhoea and chlamydia, CSWs may acquire infection and also transmit 

infection to their sexual partners.  To capture the individual and population effect of 

gonorrhoea and chlamydia diagnosis and treatment in CSWs, we model total DALYs 

saved as a composite measure that incorporates both DALYs saved from treating the 

gonorrhoea and/or chlamydia source case and DALYs saved from preventing subsequent 

cases due to downstream transmission.  We therefore account for the probability that 

treating individual infections in a highly sexually active population interrupts 

transmission and prevents future infections in the community. Since there is evidence that 

gonorrhoea and chlamydia may facilitate the transmission of HIV, we also report as a 
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secondary outcome, the number of HIV infections that could be averted with appropriate 

gonorrhoea and chlamydia diagnosis and treatment. The following sections review how 

we calculated individual, population and total DALYs saved as well as downstream HIV 

cases averted. 

B.2 Estimating Incremental DALYs Saved with a New Diagnostic 

To quantify the DALYs that we attribute to a test result that is true positive, false 

positive, false negative and true negative, we first defined four quantities denoted by TP,

FP, FN and TN, respectively.  These are defined using both screening and treatment 

outcomes. A woman is counted as a true positive only when she receives appropriate 

treatment for gonorrhoea and chlamydia.  For instance, a woman who tests positive with 

a laboratory test, but fails to receive treatment, is counted as a false negative.  Similarly, a 

women self-treating with an inappropriate drug and who does not receive effective 

treatment, is also counted as a false negative.  The total health outcome, H, is then 

computed as follows: 

H=NtpTP+NfpFP+NfnFN+NtnTN

where Ntp, Nfp, Nfn, and Ntn are the number of women in each test outcome category.  

To derive the incremental total DALYs saved associated with the introduction of a new 

diagnostic for gonorrhoea and chlamydial infections (compared to the status quo), we 

calculated the total DALYs lost for both the status quo and the new diagnostic models 

and then computed the difference between DALYs lost with a new diagnostic and 

DALYs lost under the status quo. The incremental health benefit of a new diagnostic 

compared to the status quo is expressed in terms of total DALYs not lost, or saved.

Details of calculating DALYs saved with the introduction of a new diagnostic are given 

below.  We first outline the individual components of adjusted DALYs lost for each 

region and then provide the methods for calculating DALYs saved with the introduction 

of a new diagnostic.
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B.3. Estimating Individual DALYs Lost 

We estimated individual DALYs lost per treated and untreated gonorrhoea and chlamydia 

infection in each region to allow for differences in regional characteristics, such as access 

to care that may impact the severity and course of disease. First, we calculated the total 

number of gonorrhoea and chlamydia cases in the population by region, by multiplying 

gonorrhoea and chlamydia prevalence by the population of interest. Based on expert 

opinion, and the published literature, we assumed a uniform gonorrhoea and chlamydia 

prevalence of 1.5 percent among the general female population aged 15-44 (the general 

population includes women with a high number of sexual partners as well as women in 

the general population).2 At a prevalence of 1.5 percent, the total number of gonorrhoea 

and chlamydia cases among women age 15-44 in sub Saharan Africa, for example, is 

2.355 million (this includes both treated and untreated cases, Table 1). By focusing on 

gonorrhoea and chlamydia cases in the general population, we implicitly assume that our 

eventual estimates of DALYs lost per treated and untreated gonorrhoea and chlamydia 

case are independent of risk behavior.  Specifically, we assume that CSWs and women in 

the general population who are infected with gonorrhoea and chlamydia face the same 

per-case disease burden. 

After estimating the total number of gonorrhoea and chlamydia cases for our regions of 

interest, we distributed the DALY burden among treated and untreated cases using the 

DALY burden given by the 2005 Global Burden of Disease (GBD) study3.  Table 1 

presents key estimates that were utilized to derive DALYs lost per treated gonorrhoea 

and chlamydia case. Note that although Aledort and colleagues defined the primary 

regions of interest as sub-Saharan Africa, China and southeast Asia4, the GBD study uses 

slightly different regional definitions.  Therefore Table 1 corresponds to the GBD-defined 

regions of southeast Asia, Western Pacific and Africa.  
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Table 1. Estimates and Calculations Utilized in the  Derivation of DALYs Lost Per Treated 

Gonorrhoea and Chlamydia Case

southeast

Asia

Western 

Pacific
Africa

Population of women 15-44*1 (million) 385 420 157 

General population prevalence of gonorrhoea and chlamydia2 1.5% 1.5% 1.5% 

Total gonorrhoea and chlamydia cases among women 15-44 

(million)†
5.775 6.3 2.355 

Total DALYs lost to gonorrhoea and chlamydia for women 

15-44 [Dtotal] (million)1‡
1.735 .352 1.055 

Proportion of cases treated in the status quo§ 31.1% 31.1% 7.90%

Number of cases treated [Ntreated] || (million) 1.796 1.960 0.186 

Number of cases untreated [Nuntreated] || (million) 3.979 4.340 2.169 

Average DALYs lost for a treated case of gonorrhoea  

and chlamydia|| [Dtreated]
0.098 0.018 0.119 

Average DALYs lost for an untreated case of gonorrhoea  

and chlamydia|| [Duntreated]
0.392 0.730 0.476 

Difference in DALYs lost per treated and untreated case of  

gonorrhoea and chlamydia treated|| [Dindividual ]
0.294 0.054 0.357 

* For this calculation, we downward adjusted our target population of women aged 15-49 to women aged 15-44 

to better align our estimates with the most relevant age group reported by the Global Burden of Disease study. 

† This is a product of the first two rows. 

‡ Estimates of DALYs lost are taken from the 2005 projections of the GBD and can be found at 

http://www.who.int/healthinfo/statistics/bodprojections2030/en/index.html

§ The proportion of cases treated are projections, or outputs, of the status quo model described in Aledort et al. 4.

|| This is a calculation based on the estimates in the table.  The methods are described in the text below.  

The status quo model described in Aledort et al.4projected that that in sub-Saharan 

Africa, on average, about 8 percent of all CSWs receive appropriate treatment for 

gonorrhoea and chlamydia.  Applying this 8 percent treatment rate to the 2.355 million 

cases in the general sub Saharan population, for example, generates the following 

numbers of treated and untreated cases: 
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Ntreated = 0.186 million 

Nuntreated = 2.169 million 

Let Dtreated be the DALYs lost for each treated case of gonorrhoea and chlamydia.  This 

number is greater than zero because a small proportion of women treated for gonorrhoea 

and chlamydia will still progress to pelvic inflammatory disease (PID).5-7 Let Duntreated be 

the DALYs lost for each untreated case of gonorrhoea and chlamydia.  Then we can 

specify the total individual DALYs lost as follows: 

Total DALYs lost = Dtotal = Nuntreated*Duntreated + Ntreated*Dtreated

Based on expert opinion and estimates of the risk of PID among treated and untreated 

cases of gonorrhoea and chlamydia, we assume that the DALYs lost for each untreated 

case are four times those lost for each treated case. Because PID is the largest contributor 

to DALYs lost for gonorrhoea and chlamydia, we applied the 4:1 ratio to the total DALY 

burden for treated and untreated women. Thus,

Duntreated = 4*Dtreated

Given the estimates in Table 1 for Dtotal, Ntreated and Nuntreated for each region, we 

calculated Dtreated as follows: 

treatedtreatedtreateduntreatedtotal DNDND **4*

treateduntreated

total
treated NN

D
D

*4

Once we established Dtreated for each region, we could also estimate Duntreated. Combined 

with the estimates of total DALYs for treated gonorrhoea and chlamydia in Table 1, we 

calculated 0.119 DALYs lost for each treated case of gonorrhoea and chlamydia and 

0.476 DALYs lost for each untreated case in sub Saharan Africa.  For southeast Asia, we 
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estimated 0.098 and 0.392 DALYs lost for each treated and untreated case of gonorrhoea 

and chlamydia, respectively, and for the Western Pacific region, we estimated 0.018 and 

0.730 DALYs lost for each treated and untreated case of gonorrhoea and chlamydia. 

To estimate the effect of treating an additional woman for gonorrhoea and chlamydia, we 

calculated the difference in DALYs lost per treated and untreated case.  Specifically,  

treateduntreatedindividual DDD .

Dindividual is the individual DALY lost for each CSW that is infected and remains 

untreated.

B.4. Estimating Downstream Gonorrhoea, Chlamydia and HIV Cases Saved per 

Infection Treated

In the absence of treatment, a highly sexually active woman with gonorrhoea and 

chlamydia will contribute directly to downstream gonorrhoea and chlamydia cases in the 

community through her sex partners. Subsequently, for every additional woman 

appropriately treated with the introduction of a new diagnostic that improves upon the 

status quo, some number of downstream gonorrhoea and chlamydial infections are 

averted.  In addition, non-ulcerative STIs are thought to increase the risk of sexual 

transmission of HIV.8-12 For example, there is some evidence that STIs increase the 

infectiousness of HIV from men to women.12 Although debate persists about the strength 

of the correlation between the spread of non-ulcerative STIs and HIV transmission, and 

more research is required to clarify our understanding about the nature of the interaction, 

the control of STIs (including gonorrhoea and chlamydia) is widely recognized as an 

important component in HIV prevention efforts.12-14 Because we did not want to overlook 

the potential benefit of gonorrhoea and chlamydia control on the incidence of HIV, we 

also estimated the transmission effects of treated and untreated gonorrhoea and 

chlamydia on downstream HIV infections.  Following the methods outlined above in 

section B.2, we estimated downstream gonorrhoea, chlamydia and HIV cases averted as 

the difference between downstream gonorrhoea and chlamydia cases in the status quo and 

downstream cases following the introduction of a new diagnostic.
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To estimate the downstream number of cases averted per treated case of gonorrhoea and 

chlamydia, we capitalized on previous research by Vickerman and colleagues that used a 

dynamic deterministic mathematical model to estimate the impact of interventions 

targeted to two CSW populations15, 16. Vickerman and colleagues developed a 

mathematical model that utilized behavioral and epidemiological data from two sub-

Saharan Africa sites to explore the impact of new diagnostics for the diagnosis and 

treatment of gonorrhoeae and chlamydia in female CSWs. The analysis focused on two 

settings: Cotonou in Benin, and Hillbrow in Johannesburg, South Africa. These settings 

differed in many ways, including prevalence of HIV and STIs, and different patterns of 

sexual behavior and condom use, but both settings had established CSW focused 

interventions.16, 17 Specifically, Vickerman and colleagues fit their mathematical model to 

available gonorrhoea, chlamydia and HIV and prevalence data from different population 

sub-groups in Cotonou and Hillbrow, over a wide range of model input parameters 

(behavioral, epidemiological and biological parameters),.  

Working with RAND, Vickerman and colleagues then used model outputs from their 

analyses to estimate the impact of a new diagnostic for gonorrhoea and chlamydia over a 

range of test sensitivities (0%, 40%, 45%, 67%, 85%, 100%), compared to the current 

syndromic algorithm (status quo), in terms of downstream gonorrhoea and chlamydia and 

HIV cases averted per treated gonorrhoea and chlamydia case in CSWs, their clients and 

the general population. This analysis did not examine specificity since only the sensitivity 

of the test determines the number of gonorrhoea and chlamydia infections that are treated. 

Test specificity, on the other hand, determines the amount of overtreatment. Estimates 

were also derived for the expected number of gonorrhoea and chlamydia and HIV 

infections per untreated case of gonorrhoea and chlamydia.  We derived our estimates 

from Vickerman’s analysis of Hillbrow, South Africa.   

The impact of the test was simulated over 4 years to obtain an estimate of the chain of 

infections that can be averted from treating one infection. The number of infections 

averted per infection treated was obtained by dividing the model’s projections of the 
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infections averted over four years by the number of CSWs tested and treated. All CSWs 

that tested positive were assumed to be treated appropriately. The different model fits 

produced different estimates for the impact of each rapid test, and these were used to 

obtain a mean and uncertainty range for the model’s impact projections. The estimated 

number of gonorrhoea and chlamydia and HIV cases averted per treated case of 

gonorrhoea and chlamydia for varying sensitivities of a new diagnostic are reported in 

Table 2. 

Table 2. Model Projections of the Number of Gonorrhoea, Chlamydia and HIV 

Infections Averted per Treated CSW Over Four Years. (Uncertainty ranges are in 

brackets)

Sensitivity of a New Diagnostic for Gonorrhoea and Chlamydia  

40% 45% 67% 85% 100% 

10.8 10.7 10.6 10.5 10.5 Gonorrhoea and 
chlamydial 

infections averted 
per treated case 

(8.3-12.9) (8.3-12.8) (8.2-12.6) (8.1-12.5) (8.1-12.4) 

0.135 0.135 0.135 0.134 0.134 HIV cases averted
per treated 

gonorrhoea and 
chlamydial 
infection  

(0.089-0.215) (0.089-0.214) (0.089-0.213) (0.089-0.212) (0.089-0.211) 

Results from this analysis indicate that estimates vary only slightly over the range of 

sensitivities explored.  The Hillbrow population is transitory, and the epidemic there is 

fueled by populations with a high HIV and STI prevalence, thus mitigating the effect of 

STI treatment on transmission in the community.  Since these estimates vary only slightly 

over the range of sensitivities explored, we assumed constant transmission multipliers of 

10.55 and 0.135 for gonorrhoea and chlamydia and HIV cases averted, respectively. 

B.5 Combining DALYs Lost due to Individual Infection and Downstream Transmission 

Because interrupting transmission is an important component of testing and treating 
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gonorrhoea and chlamydia among CSWs, we incorporated the above-described estimate 

of 10.5 downstream cases gonorrhoea and chlamydia cases averted into our derivation of 

DALYs saved for each CSW treated for gonorrhoea and chlamydia.  We assumed that 

each time a CSW is treated, benefits in terms of DALYs accrue from two sources:  (1) 

Dindividual DALYs are saved when progression of disease is interrupted in the individual 

patient, and (2) DALYs are saved when the 10.5 downstream cases of gonorrhoea and 

chlamydia are prevented .  The details of this second DALY benefit are outlined below.   

Building on the calculations presented in section B.2., we estimated average DALYs lost 

per case of gonorrhoea and chlamydia for each region as a weighted average of DALYs 

lost per treated and untreated case.  Specifically, 

untreatedtreated

untreateduntreatedtreatedtreated
average NN

DNDN
D

**

Using the above formula and the values presented in Table 1, we derived the following 

values for Daverage in each region. 

Table 3. Calculating DALYs Lost Per Treated Gonorrhoea and Chlamydia  Case

southeast

Asia

Western 

Pacific
Africa

Number of cases treated [Ntreated] (million) 1.796 1.960 0.186 

Number of cases untreated [Nuntreated] (million) 3.979 4.340 2.169 

Average DALYs lost for a treated case of gonorrhoea and chlamydia [Dtreated] 0.098 0.018 0.119 

Average DALYs lost for an untreated case of gonorrhoea and chlamydia [Duntreated] 0.392 0.073 0.476 

Difference in DALYs lost per treated and untreated case of gonorrhoea and 

chlamydia treated [Dindividual ]
0.294 0.054 0.357 

Average DALYs lost per case of gonorrhoea and chlamydia [Daverage] 0.301 0.056 0.448 

Total DALYs lost per untreated CSW [DFN] 3.56755 0.663 5.20 

DALYs saved per treated gonorrhoea and Chlamydia case [DFN – DTP] 3.46 0.64 5.08 
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To combine DALYs lost for each untreated CSW in each region, we performed the 

following calculation: 

averageuntreatedFN DDDCSWUntreatedperLostDALYs *55.10

DFN is the primary outcome used to evaluate the model.  In the above calculation we 

assume that effective treatment prevents all transmission.  This relies on the early 

detection and treatment of CSWs and represents the upper bound in terms of DALY 

savings possible through treatment and detection.  Because the transmission multipliers 

from Vickerman et al. are for a four year period and provide little information about the 

distribution of infections over this four year period, we do not discount DALYs lost due 

to these downstream cases. 

Note further that, because we assume that treatment prevents all transmission, the 

DALYs lost for each treated case of gonorrhoea and chlamydia are simply those lost by 

the index patient.  In other words, DTP = Dtreated

B.6. Estimating DALYs Lost due to Harm of Treatment 

When a woman receives treatment for gonorrhoea and chlamydia, either appropriate or 

inappropriate, we assumed some harm, or penalty, associated with treatment.  Sources of 

harm may include adverse events associated with treatment, the development of antibiotic 

resistance, and/or stigma. For example, if a pathogen develops resistance to an antibiotic 

agent, at some point in the future, individuals with a resistant strain of infection may not 

respond to treatment, thus causing adverse health outcomes. In addition, once resistance 

occurs, new therapeutic agents must be developed, leading to additional costs, and 

consuming resources which may have been put to better use. Each time we treat 

inappropriately with antibiotics we utilize scarce resources that may have been otherwise 

used to treat patients in need. 
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We quantified the harm of treatment with a single number C, which represent the DALYs 

lost, at some point in the future, as a result of treating one woman with antibiotics. We 

refer to the total DALYs lost due to harm of treatment as “future DALYs lost”. The total 

number of future DALYs lost is computed as follows: 

Dfuture C tp fp

We estimated a range for C using the methods described in Girosi et al.18 Conceptually, if 

a test for NG/Ct is widely accepted and adopted by the medical community, then using 

the test must be better than the alternative of treating everybody or treating no one. We 

maintain that this is sufficient information to estimate the approximate weight assigned 

by the medical community to specificity relative to sensitivity. We then translated this 

revealed preference into an estimate of the harm of treatment, C. The bound on C has the 

following form: 

)1()1(
)(

)1()1(
)()1(

specpsensp
DDsensp

C
specpsensp

DDsensp TPFNTPFN

where p is the prevalence of NG/Ct in our population of interest, sens and spec are the 

sensitivity and specificity of a laboratory test combined with clinical evaluation, and DFN

and  DTP are as described above in section B.4.  The bounds above are most informative 

when the test characteristics are poor.  In other words, while it is always preferable to use 

a test that is perfectly sensitive and specific, this preference does not reveal much about 

the relative harm of treatment. Because prevalence and, more importantly, DFN and DTP,

vary by region, we calculated a range for C for each region of interest. The method 

described in Girosi et al. does not tell us how to choose a value of C within the given 

bounds.18  Based on expert opinion, for each region we selected the point estimate for C 

to be the minimum of the range estimated for that region. To account for the uncertainty 

surrounding this parameter we varied it extensively in sensitivity analysis.

To interpret estimates of C, recall that each time one CSW is treated for gonorrhoea and 

chlamydia, C future DALYs are lost, or, for every 1/C CSW treated, one future DALY is 

lost.  Consider the point estimate for C of 0.96 for sub-Saharan Africa reported in Table 2 
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in Aledort et al.4 This implies that for approximately every 1 (~1/0.96) high risk woman 

treated for gonorrhoea and chlamydia we lose one DALY.  If we think of a healthy year 

of life as one DALY then, for every 1 treatment, we lose one year of life.  For the average 

female life expectancy in sub-Saharan Africa of 47.5 years, this means that for 

approximately every 48 treatments given we lose one healthy life. (The Global Burden of 

Disease reports a life expectancy at birth of 46.5 for males and 48.4 for females in 2002 

in the African Region.)1

B.7. Estimating Adjusted DALYs Saved 

‘Adjusted’ DALYs lost includes in the composite DALY measure described above a 

penalty, or harm, associated with treatment.  Specifically, this additional DALY 

adjustment incorporates the relative weight of sensitivity and specificity through the 

inclusion of the harm of treatment, C, and subsequent future DALYs lost. The total 

DALYs lost for a single region is calculated as follows: 

fpfnFNtpTP

fptpfnFNtpTP

futureFNTP

CNNDNCD
NNCNDND

DDDDLostDALYsAdjusted

)(

)(

Incremental adjusted DALYs saved are the primary measure of attributable benefit of a 

new diagnostic (i.e. the difference in adjusted DALYs between the new diagnostic and 

the status quo).  The model only selects a new diagnostic for use when it results in fewer 

adjusted DALYs lost (or a positive number of adjusted lives saved).  More formally, for 

each region and access category, the number of adjusted DALYs saved when the new 

diagnostic is introduced is expressed as follows: 
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fpfnFNtpTP

NewDx
fp

NewDx
fnFN

NewDx
tpTP

SQ
fp

SQ
fnFN

SQ
tpTP

iCategoryAccess

iCategoryAccess

iCategoryAccess

NCNDNCD

CNNDNCDCNNDNCD

DiagnosticNewwithLostDALYsAdjusted

QuoStatusinLostDALYsAdjusted

DALYsAdjusted

)(

)()(

where  is the difference between health outcomes in the status quo and health outcomes 

with the new diagnostic. In our model, for any given access level, the new diagnostic can 

improve upon the status quo standard of care either through an increase in sensitivity or 

specificity.  Improvements in specificity will reduce the number of false positives, such 

that 0fpN .  Improvements in sensitivity will both increase the number of true 

positives and decrease the number of false negatives, making 0tpN and 0fnN .

For a given region, adjusted DALYs saved with the introduction of a new diagnostic is 

the sum of adjusted DALYs saved for each access category. 

C. ADDITIONAL MODEL ASSUMPTIONS AND LIMITATIONS

There are several important limitations to our analysis, in addition to the ones reported in 

Aledort et al.4First, we did not explicitly consider the effect of antimicrobial resistance on 

the efficacy of treatment. Antimicrobial resistance to Chlamydia trachomatis is generally 

not considered to be clinically significant, but N. Gonorrhoeae is an example of 

widespread resistance that has forced the use of newer, more expensive antibiotics as 

primary treatment.  Quinolone antibiotics such as ciprofloxacin have been used 

extensively for treatment of gonorrhoea worldwide since the mid-1980s, particularly in 

developing countries where ciprofloxacin is the least expensive of the highly effective 

drugs available. 19, 20 Nonetheless, clinical quinolone-resistance to N. gonorrhoeae was

documented almost immediately,21 and over the last few decades it has become well-

established in several areas.19, 20, 22-30 Currently, broad-spectrum cephalosporins such as 

cefixime and ceftriaxone are the only agents to which N. gonorrhoeae remains fully 

susceptible. Although we did not explicitly consider the effect of antimicrobial resistance 
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on the efficacy of treatment, our estimation of C, the harm associated with treatment, 

accounts for potential downstream loss of efficacy. 

Second, there are some important limitations to our approach of estimating downstream 

NG/Ct and HIV infections averted from Vickerman et al.  First, contrary to our static 

decision tree model, in which we assume a treatment rate of 80 percent, Vickerman et al. 

assume all women who test positive will receive treatment.  However, varying this 

assumption is equivalent to varying sensitivity, so Vickerman and colleagues adequately 

capture our base case assumption. Second, although the authors estimated outcomes for a 

fairly concentrated HIV epidemic in Benin and a more generalized HIV epidemic in 

Hillbrow, in our model, we elected to use the more conservative estimates from Hillbrow, 

where NG/Ct treatment has less affect on transmission.  Third, for lack of better 

information, we made the simplifying assumption that outcomes attributed to CSWs in 

Hillbrow applied uniformly to our population of high-risk women in sub Saharan Africa, 

China and Southeast Asia, even though the HIV epidemic in China and Southeast Asia 

may not approximate the epidemic characterized by Vickerman and colleagues. Finally, 

since Vickerman et al. estimated downstream cases of NG/Ct and HIV averted over a 

four year time horizon, the multipliers we used in our model may underestimate the 

potential effect on NG/Ct and HIV incidence over a longer time period.   

Finally, we did not explicitly distinguish between symptomatic and asymptomatic 

infections in the model. However, in determining the proportion of high risk women 

attending a clinic, the HIV/STI experts recognized that the majority of women who 

present to a clinic do so because of genitourinary symptoms including vaginal discharge 

and lower abdominal pain. A minority will present to a clinic due to partner contact 

referral. Because the majority of women who present to a clinic do so because of 

genitourinary symptoms, it is also reasonable to assume that the proportion receiving 

clinical evaluation upon arrival is substantial.  Although it stands to reason that women 

with symptoms have a higher probability of testing positive, we assumed that prevalence 

of disease was independent of symptoms. 
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D.  SUPPLEMENTARY ANALYSES

Tables 4, 5 and 6 present the incremental health benefits of a hypothetical new diagnostic 

for gonorrhoea and chlamydia screening in CSWs relative to the current diagnostic 

standard of care (status quo). Here we present separate regional results for sub-Saharan 

Africa, China and Southeast Asia, our three areas of interest.   We report incremental 

outcomes relative to the status quo in terms of in terms of disability-adjusted life years 

(DALYs) saved by treating the source case and by preventing downstream cases due to 

transmission. DALYs saved are also further adjusted to account for the harm of 

treatment. Finally, we report the number of HIV infections that could be averted with 

appropriate gonorrhoea and chlamydia diagnosis and treatment as a secondary outcome. 

In the tables, each row corresponds to a particular potential new diagnostic defined by 

infrastructure requirements (moderate, minimal and no infrastructure), sensitivity, and 

specificity.  The level of infrastructure determines the probability that a woman has 

access to the new test, and this differs across regions. For example, in Africa, a test which 

requires moderate to advanced infrastructure (e.g., requires refrigeration/electricity, 

water, nurses or well-trained technicians) would be available only to 28.4% of women. 

However, if the test only requires minimal infrastructure an additional 47.3% of the 

people would have access to it, for a total of 75.5%. In both China and Southeast Asia, 

87% of women have access to a test requiring moderate infrastructure.  

For each level of infrastructure we present several combinations of sensitivity and 

specificity for the new diagnostic. The first two rows replicate the estimated sensitivity 

and specificity of clinical evaluation alone and clinical evaluation combined with a lab 

test, respectively.  We then consider several improvements over these base-case 

performance characteristics.  
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Table 4. Incremental Gonorrhoea, Chlamydia and HIV Cases Averted and Adjusted DALYs Saved in Sub-Saharan 
Africa with a Hypothetical New Diagnostic Relative to Status Quo Tests

Test Sensitivity Specificity 

Adjusted
DALYs
Saved*

(SD)

Gonorrhoea
and

Chlamydia 
Cases Averted 

(SD)

HIV
Cases 

Averted 
(SD)

Proportion
of Adjusted 

DALYs
Saved†

Advanced/Moderate Infrastructure‡

1 Clinical Evaluation 45% 70% 130,519 506,182 6,453 3% 

   (68,394) (180,412) (2,703)  

2 Lab + Clinical Evaluation 67% 61% 333,507 1,174,220 14,970 8% 

   (253,354) (618,646) (8,572)  

3 More Specific Test§ 67% 75% 427,063 1,174,220 14,970 10% 

   (276,304) (510,928) (7,879)  

4 More Sensitive Test|| 85% 70% 614,981 1,740,744 22,192 15% 

   (231,282) (610,235) (8,822)  

5 Overall Better Test1 85% 90% 748,631 1,740,744 22,192 18% 

   (192,391) (591,760) (8,860)  

6 Overall Better Test2¶ 96% 98% 937,349 2,086,953 26,606 23% 

   (267,347) (529,724) (7,921)  

7 Perfect Test 100% 100% 999,899 2,212,848 28,211 25% 

        (242,804) (435,326) (5,885)   

Minimal Infrastructure‡

8 Clinical Evaluation 45% 70% 689,033 2,701,575 34,442 17% 

    (450,164) (999,360) (13,401)  

9 Lab + Clinical Evaluation 67% 61% 1,242,395 4,522,831 57,661 31% 

    (1,015,999) (1,843,651) (16,519)  

10 More Specific Test§ 67% 75% 1,491,767 4,522,831 57,661 37% 

    (598,418) (1,812,329) (25,769)  

11 More Sensitive Test|| 85% 70% 1,992,661 6,032,898 76,912 49% 

    (726,628) (1,766,776) (22,291)  

12 Overall Better Test1 85% 90% 2,348,906 6,032,898 76,912 58% 

    (901,658) (1,676,896) (25,810)  

13 Overall Better Test2¶ 96% 98% 2,851,933 6,955,717 88,677 70% 

    (693,171) (1,442,332) (17,758)  

14 Perfect Test 100% 100% 3,018,659 7,291,288 92,955 74% 

        (981,138) (1,622,465) (15,071)   
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Table 4. Continued

Test
New 

Diagnostic
Sensitivity

New 
Diagnostic
Specificity 

Adjusted
DALYs
Saved*
(st.dev.)

Gonorrhoea
and

Chlamydia 
Cases 

Averted 
(SD)

HIV
Cases 

Averted 
(st. dev.)

Proportion of 
Adjusted
DALYs
Saved†

No infrastructure (Universal Access)

15 Clinical Evaluation 45% 70% 990,944 3,913,419 49,891 24% 

    (397,387) (685,373) (13,291)  

16 Lab + Clinical Evaluation 67% 61% 1,724,308 6,327,132 80,663 42% 

    (819,143) (1,280,158) (19,424)  

17 More Specific Test§ 67% 75% 2,053,729 6,327,132 80,663 50% 

    (748,979) (1,631,228) (16,086)  

18 More Sensitive Test|| 85% 70% 2,715,412 8,321,937 106,095 67% 

    (1,006,116) (2,534,632) (39,887)  

19 Overall Better Test1 85% 90% 3,186,013 8,321,937 106,095 78% 

    (1,295,185) (3,132,638) (54,032)  

20 Overall Better Test2¶ 96% 98% 3,850,513 9,540,984 121,636 95% 

    (747,239) (1,861,189) (24,590)  

21 Perfect Test 100% 100% 4,070,758 9,984,274 127,288 100% 

        (1,207,455) (915,428) (29,234)   
*Adjusted DALYs saved includes those saved from appropriate treatment of the index case, and those saved from 
preventing transmission and subsequent downstream cases. This measure also includes an adjustment to capture the 
harm associated with treatment. HIV transmission is not included in this primary outcome measure, but instead is 
reported separately. †The proportion of adjusted DALYs saved is calculated by dividing the adjusted DALYs saved 
with any given individual test by the adjusted DALYs saved by a test that is 100% sensitive, 100% specific and 
universally accessible (test 21). ‡A test can be performed in a setting with advanced/moderate infrastructure if 
electricity and water are available, and a laboratory is at least minimally equipped (for example, in African hospitals). 
Staff requirements include nurses, a physician and a technician with minimal training. A test can be performed in a 
setting with minimal infrastructure if is does not require water or electricity and can be performed at a clinic with 
minimal training. See Girosi et al.18 for more detailed information on calculating the percentage of people with access 
to a new diagnostic requiring moderate, minimal or no infrastructure. §Relative to laboratory test + clinical 
evaluation. ||Relative to clinical evaluation. ¶In terms of sensitivity and specificity, this overall better test is an 
approximation of currently available NAAT test technology in the developed world that requires the equivalent of 
advanced infrastructure in resource-limited settings. DALYs, disability-adjusted life years; HIV, human 
immunodeficiency virus; NAAT, nucleic-acid amplification tests; SD, standard deviation. 
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Table 5. Incremental Gonorrhoea, Chlamydia and HIV Cases Averted and Adjusted DALYs Saved in China with a 
Hypothetical New Diagnostic Relative to Status Quo Tests

Test Sensitivity Specificity 
Adjusted DALYs 

Saved*
(SD)

Gonorrhoea
and

Chlamydia 
Cases Averted 

(SD)

HIV
Cases 

Averted 
(SD)

Proportion
of Adjusted 

DALYs
Saved†

Advanced/Moderate Infrastructure‡

1 Clinical Evaluation 45% 70% 15,585 220,588 2,812 3% 

   (30,059) (517,904) (8,284)  

2 Lab + Clinical Evaluation 67% 61% 79,939 2,017,971 25,727 14% 

   (111,501) (1,491,680) (20,022)  

3 More Specific Test§ 67% 75% 112,770 2,017,971 25,727 19% 

   (91,803) (1,091,356) (12,007)  

4 More Sensitive Test|| 85% 70% 179,360 3,723,852 47,475 31% 

   (106,163) (1,749,514) (19,907)  

5 Overall Better Test1 85% 90% 226,261 3,723,852 47,475 39% 

   (122,703) (1,941,214) (19,575)  

6 Overall Better Test2¶ 96% 98% 292,881 4,766,334 60,765 50% 

   (140,236) (2,392,863) (33,589)  

7 Perfect Test 100% 100% 314,974 5,145,419 65,598 54% 

        (82,910) (1,624,179) (30,391)   

Minimal Infrastructure‡

8 Clinical Evaluation 45% 70% 40,695 575,980 7,343 7% 

    (38,469) (693,040) (9,306)  

9 Lab + Clinical Evaluation 67% 61% 142,355 3,415,846 43,548 24% 

    (80,328) (3,482,712) (47,463)  

10 More Specific Test§ 67% 75% 191,601 3,415,846 43,548 33% 

    (84,744) (955,610) (22,371)  

11 More Sensitive Test|| 85% 70% 291,486 5,974,666 76,170 50% 

    (191,174) (3,219,359) (46,371)  

12 Overall Better Test1 85% 90% 361,838 5,974,666 76,170 62% 

    (118,655) (2,242,128) (34,223)  

13 Overall Better Test2¶ 96% 98% 461,767 7,538,390 96,106 79% 

    (217,511) (2,663,632) (40,006)  

14 Perfect Test 100% 100% 494,907 8,107,017 103,355 84% 

        (216,669) (3,508,148) (40,863)   
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Table 5. Continued

Test
New 

Diagnostic
Sensitivity

New 
Diagnostic
Specificity 

Adjusted
DALYs
Saved*
(st.dev.)

Gonorrhoea
and

Chlamydia 
Cases 

Averted 
(SD)

HIV
Cases 

Averted 
(st. dev.)

Proportion of 
Adjusted
DALYs
Saved†

No infrastructure (Universal Access)

15 Clinical Evaluation 45% 70% 63,623 1,286,763 16,405 11% 

    (41,834) (880,036) (13,196)  

16 Lab + Clinical Evaluation 67% 61% 182,007 4,593,949 58,567 31% 

    (218,573) (4,306,745) (79,329)  

17 More Specific Test§ 67% 75% 238,611 4,593,949 58,567 41% 

    (139,051) (1,986,742) (30,972)  

18 More Sensitive Test|| 85% 70% 353,422 7,535,122 96,064 60% 

    (224,903) (2,603,768) (42,657)  

19 Overall Better Test1 85% 90% 434,285 7,535,122 96,064 74% 

    (167,271) (2,822,100) (49,541)  

20 Overall Better Test2¶ 96% 98% 549,147 9,332,505 118,978 94% 

    (172,222) (3,163,056) (41,738)  

21 Perfect Test 100% 100% 587,239 9,986,099 127,311 100% 

      (223,560) (3,903,492) (59,242)  

*Adjusted DALYs saved includes those saved from appropriate treatment of the index case, and those saved from 
preventing transmission and subsequent downstream cases. This measure also includes an adjustment to capture the 
harm associated with treatment. HIV transmission is not included in this primary outcome measure, but instead is 
reported separately. †The proportion of adjusted DALYs saved is calculated by dividing the adjusted DALYs saved 
with any given individual test by the adjusted DALYs saved by a test that is 100% sensitive, 100% specific and 
universally accessible (test 21). ‡A test can be performed in a setting with advanced/moderate infrastructure if 
electricity and water are available, and a laboratory is at least minimally equipped. Staff requirements include nurses, 
a physician and a technician with minimal training. A test can be performed in a setting with minimal infrastructure if 
is does not require water or electricity and can be performed at a clinic with minimal training. See Girosi et al.18 for 
more detailed information on calculating the percentage of people with access to a new diagnostic requiring 
moderate, minimal or no infrastructure. §Relative to laboratory test + clinical evaluation. ||Relative to clinical 
evaluation. ¶In terms of sensitivity and specificity, this overall better test  is an approximation of currently available 
NAAT test technology in the developed world that requires the equivalent of advanced infrastructure in resource-
limited settings. DALYs, disability-adjusted life years; HIV, human immunodeficiency virus; NAAT, nucleic-acid 
amplification tests; SD, standard deviation. 
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Table 6. Incremental Gonorrhoea, Chlamydia and HIV Cases Averted and Adjusted DALYs Saved in Southeast Asia with 
a Hypothetical New Diagnostic Relative to Status Quo Tests

Test
New 

Diagnostic
Sensitivity

New 
Diagnostic
Specificity 

Adjusted
DALYs
Saved*

(st.dev.)

Gonorrhoea
and

Chlamydia 
Cases Averted 

(SD)

HIV
Cases Averted

(st. dev.)

Proportion of 
Adjusted
DALYs
Saved†

Advanced/Moderate Infrastructure ‡

1 Clinical Evaluation 45% 70% 11,669 24,307 310 3% 

   (11,761) (26,956) (334)  

2 Lab + Clinical Evaluation 67% 61% 59,161 222,362 2,835 13% 

   (55,262) (146,106) (1,784)  

3 More Specific Test§ 67% 75% 84,106 222,362 2,835 19% 

   (51,772) (147,982) (2,066)  

4 More Sensitive Test|| 85% 70% 133,368 410,334 5,231 30% 

   (45,940) (95,343) (2,315)  

5 Overall Better Test1 85% 90% 169,002 410,334 5,231 39% 

   (38,767) (101,313) (1,262)  

6 Overall Better Test2¶ 96% 98% 218,805 525,205 6,696 50% 

   (34,039) (92,787) (2,351)  

7 Perfect Test 100% 100% 235,296 566,977 7,228 54% 

        (46,138) (62,069) (1,598)   

Minimal Infrastructure‡

8 Clinical Evaluation 45% 70% 30,470 63,468 809 7% 

    (22,195) (55,017) (842)  

9 Lab + Clinical Evaluation 67% 61% 105,493 376,394 4,799 24% 

    (92,087) (239,292) (3,100)  

10 More Specific Test§ 67% 75% 142,909 376,394 4,799 33% 

    (79,340) (306,189) (3,267)  

11 More Sensitive Test|| 85% 70% 216,803 658,352 8,393 49% 

    (66,956) (220,298) (2,100)  

12 Overall Better Test1 85% 90% 270,255 658,352 8,393 62% 

    (118,843) (257,698) (3,477)  

13 Overall Better Test2¶ 96% 98% 344,959 830,660 10,590 79% 

    (85,146) (147,209) (3,348)  

14 Perfect Test 100% 100% 369,694 893,317 11,389 84% 

        (101,282) (133,731) (3,243)   
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Table 6. Continued

Test
New 

Diagnostic
Sensitivity

New 
Diagnostic
Specificity 

Adjusted
DALYs
Saved*

(st.dev.)

Gonorrhoea
and

Chlamydia 
Cases 

Averted 
(SD)

HIV
Cases 

Averted 
(st. dev.)

Proportion of 
Adjusted
DALYs
Saved†

No infrastructure (Universal Access)

15 Clinical Evaluation 45% 70% 47,335 141,789 1,808 11% 

    (33,998) (97,594) (1,217)  

16 Lab + Clinical Evaluation 67% 61% 134,700 506,210 6,454 31% 

    (66,606) (227,288) (3,085)  

17 More Specific Test§ 67% 75% 177,707 506,210 6,454 41% 

    (52,701) (118,774) (924)  

18 More Sensitive Test|| 85% 70% 262,642 830,300 10,585 60% 

    (161,770) (302,356) (5,433)  

19 Overall Better Test1 85% 90% 324,081 830,300 10,585 74% 

    (120,623) (245,663) (2,934)  

20 Overall Better Test2¶ 96% 98% 409,948 1,028,355 13,110 94% 

    (74,632) (166,130) (3,528)  

21 Perfect Test 100% 100% 438,380 1,100,375 14,028 100% 

        (138,732) (217,545) (5,145)   

*Adjusted DALYs saved includes those saved from appropriate treatment of the index case, and those saved from 
preventing transmission and subsequent downstream cases. This measure also includes an adjustment to capture 
the harm associated with treatment. HIV transmission is not included in this primary outcome measure, but 
instead is reported separately. †The proportion of adjusted DALYs saved is calculated by dividing the adjusted 
DALYs saved with any given individual test by the adjusted DALYs saved by a test that is 100% sensitive, 100% 
specific and universally accessible (test 21). ‡A test can be performed in a setting with advanced/moderate 
infrastructure if electricity and water are available, and a laboratory is at least minimally equipped. Staff 
requirements include nurses, a physician and a technician with minimal training. A test can be performed in a 
setting with minimal infrastructure if is does not require water or electricity and can be performed at a clinic with 
minimal training. See Girosi et al.18 for more detailed information on calculating the percentage of people with 
access to a new diagnostic requiring moderate, minimal or no infrastructure. §Relative to laboratory test + clinical 
evaluation. ||Relative to clinical evaluation. ¶In terms of sensitivity and specificity, this overall better test  is an 
approximation of currently available NAAT test technology in the developed world that requires the equivalent of 
advanced infrastructure in resource-limited settings. DALYs, disability-adjusted life years; HIV, human 
immunodeficiency virus; NAAT, nucleic-acid amplification tests; SD, standard deviation. 



24

REFERENCES

1. Projections of mortality and burden of disease to 2030.  
http://www.who.int/healthinfo/statistics/bodprojections2030/en/index.html.
Accessed March 18, 2006. 

2. Buve A, Weiss HA, Laga M, et al. The epidemiology of gonorrhoea, chlamydial 
infection and syphilis in four African cities. Aids. 2001;15 Suppl 4:S79-88. 

3. Murray C, Lopez A, eds. The Global Burden of Disease:  A comprehensive 
assessment of mortality and disability from diseases, injuries and risk factors in 
1990 and projected to 2020. Cambridge: Harvard University Press on behalf of 
the World Health Organization and the World Bank; 1996. 

4. Aledort JE, Ronald A, Rafael ME, et al. Reducing the burden of sexually 
transmitted infections in resource-limited settings: the role of improved 
diagnostics. Nature. 2006;S1:59-72.

5. Aledort JE, Hook EW, 3rd, Weinstein MC, Goldie SJ. The cost effectiveness of 
gonorrhea screening in urban emergency departments. Sex Transm Dis. Jul
2005;32(7):425-436.

6. Hu D, Hook EW, 3rd, Goldie SJ. Screening for Chlamydia trachomatis in women 
15 to 29 years of age: a cost-effectiveness analysis. Ann Intern Med. Oct 5 
2004;141(7):501-513.

7. Scholes D, Stergachis A, Heidrich FE, Andrilla H, Holmes KK, Stamm WE. 
Prevention of pelvic inflammatory disease by screening for cervical chlamydial 
infection. N Eng J Med. 1996;334(21):1362-1366.

8. Chesson HW, Pinkerton SD. Sexually transmitted diseases and the increased risk 
for HIV transmission: implications for cost-effectiveness analyses of sexually 
transmitted disease prevention interventions. J Acquir Immune Defic Syndr. 
2000;24(1):48-56.

9. Fleming DT, Wasserheit JN. From epidemiological synergy to public health 
policy and practice: the contribution of other sexually transmitted diseases to 
sexual transmission of HIV infection. Sex Transm Infect. 1999;75:3-17.

10. Laga M, Manoka A, Kivuvu M, et al. Non-ulcerative sexually transmitted 
diseases as risk factors for HIV-1 transmission in women: results from a cohort 
study. AIDS. 1993;7:93-102.

11. Quinn TC. Association of sexually transmitted diseases and infection with the 
human immunodeficiency virus: biological cofactors and markers of behavior 
interventions. International Journal of STD & AIDS. 1996;7(suppl 2):17-24. 

12. Rottingen JA, Cameron DW, Garnett GP. A systematic review of the 
epidemiologic interactions between classic sexually transmitted diseases and HIV: 
how much really is known? Sex Transm Dis. Oct 2001;28(10):579-597. 

13. Moherdaui F, Vuylsteke B, Siqueira LF, et al. Validation of national algorithms 
for the diagnosis of sexually transmitted diseases in Brazil: results from a 
multicentre study. Sex Transm Infect. 1998;74 Suppl 1:S38-43. 

14. Guidelines for the management of sexually transmitted infections.  Revised 
version:http://www.who.int/reproductive-
health/publications/rhr_01_10_mngt_stis/index.html. Accessed 2006, March 6. 



25

15. Vickerman P, Terris-Prestholt F. Estimating the DALYs saved per infection 
treated from two African settings. Unpublished. 2006.

16. Vickerman P, Terris-Prestholt F, Delaney S, Kumaranayake L, Rees H, Watts 
CH. Are targeted HIV prevention activities still cost-effective in high prevalence 
settings? Results from an STI treatment intervention for sex-workers in Hillbrow, 
South Africa. Sex Transm Dis. 2006;33(10):S122-S132.

17. Vickerman P, Watts C, Peeling RW, Mabey D, Alary M. Modeling the cost-
effectiveness of rapid point-of-care diagnostic tests for the control of HIV and 
other sexually transmitted infections amongst female sex workers. Sexually 
Transmitted Infections. 2006;82:403-412.

18. Girosi F, Olmsted S, Keeler E, et al. Developing and interpreting models to 
improve diagnostics in developing countries. Nature. 2006;SI:S3-S8. 

19. Aplasca De Los Reyes MR, Pato-Mesola V, Klausner JD, et al. A randomized 
trial of ciprofloxacin versus cefixime for treatment of gonorrhea after rapid 
emergence of gonococcal ciprofloxacin resistance in The Philippines. Clinical 
Infectious Diseases. 2001;32(9):1313-1318.

20. Hook EW, 3rd, Handsfield HH. Gonococcal infections in the adult. In: Holmes 
KK, Sparling PF, Mardh P, et al., eds. Sexually Transmitted Diseases. 3rd ed. 
New York: McGraw-Hill, Health Professions Division; 1999:451-466. 

21. Gransden WR, Warran CA, Phillips I, Hodges M, Barlow D. Decreased 
susceptibility of Neisseria gonorrhoeae to ciprofloxacin. Lancet. 1990;335(51).

22. CDC. 1998 Guidelines for treatment of sexually transmitted diseases. Morbidity 
& Mortality Weekly Report. 1998;47((no. RR-1)). 

23. Clendennen TE, Echeverria P, Saengeur S, Kees ES, Boslego JW, Wignall FS. 
Antibiotic susceptibility survey of Neisseria gonorrhoeae in Thailand. 
Antimicrobial Agents & Chemotherapy. 1992;36(8):1682-1687.

24. Klausner JD, Aplasca MR, Mesola VP, Bolan G, Whittington WL, Holmes KK. 
Correlates of gonococcal infection and of antimicrobial-resistant Neisseria 
gonorrhoeae among female sex workers, Republic of the Philippines, 1996-1997. 
Journal of Infectious Diseases. 1999;179(3):729-733.

25. Knapp JS, Fox KK, Trees DL, Whittington WL. Fluoroquinolone resistance in 
Neisseria gonorrhoeae. Emerging Infectious Diseases. 1997;3(1):33-39.

26. Knapp JS, Fox KK, Trees DL, Whittington WL. Fluoroquinolone resistance in 
Neisseria gonorrhoeae.[erratum appears in Emerg Infect Dis 1997 Oct-
Dec;3(4):584]. Emerging Infectious Diseases. 1997;3(1):33-39.

27. Plato-Mesola V, Klausner JD, Aplasca De Los Reyes MR, et al. Rapid emergence 
of gonococcal ciprofloxacin resistance in Manila and Cebu, Philippines - 1994 
and 1996-1997. Paper presented at: 4th International Congress on AIDS in Asia 
and the Pacific. 

28. Schwarcz SK, Zenilman JM, Schnell D, et al. National surveillance of 
antimicrobial resistance in Neisseria gonorrhoeae. The Gonococcal Isolate 
Surveillance Project. Jama. 1990;264(11):1413-1417.

29. Tapsall J. Antimicrobial resistance in Neisseria gonorrhoeae. Geneva: World 
Health Organization; 2001. 



26

30. Tapsall J. Surveillance of antibiotic resistance in Neisseria gonorrhoeae in the 
WHO Western Pacific Region, 2000. Communicable Diseases Intelligence. 
2001;25(4):274-276.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /None
  /AutoFilterColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /None
  /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 false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /None
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


