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Abstract
Objectives Modelling the potential impact of screening for chlamydia and gonorrhoea in youth and other populations in a

resource-limited setting.

Methods We extended an agent-based model of heterosexual chlamydia and gonorrhoea transmission in South Africa to

investigate the impact of screening strategies in key populations including youth, patients in HIV care, pregnant women

and female sex workers (FSWs). Additionally, we compared the modelled impact of a standardised screening programme

to results obtained from other published mathematical models of chlamydia screening.

Results All strategies resulted in reductions in general and targeted population chlamydia and gonorrhoea transmission.

Opportunistic screening of patients in youth and HIV care was shown to be the most effective, and FSW screening was

shown to be the most efficient strategy. Differences between models could be attributed to differences in the modelled

heterogeneity in sexual behaviour as well as differences in assumptions about immunity following chlamydia recovery.

Conclusions Taking modelling assumptions into account, opportunistic chlamydia and gonorrhoea screening of youth and

those in HIV care represents a viable intervention for reducing sexually transmitted infections in the South African

population.
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Introduction

Curable bacterial sexually transmitted infections (STIs)

such as Chlamydia trachomatis (chlamydia) and Neisseria

gonorrhoea (gonorrhoea) were responsible for 214 million

new infections in 2016 (World Health Organisation 2018).

If undiagnosed or untreated, chlamydia and gonorrhoea can

result in serious reproductive problems in women (Menon

et al. 2015). This presents a major global health challenge,

particularly in youth, with 14–25-year-olds in the USA

accounting for 65% of chlamydia infections and 53% of

gonorrhoea infections (Centers for Disease Control and

Prevention 2015). Barriers to accessing healthcare, multi-

ple concurrent sexual partners and limited knowledge of

sexual health contribute to increased risk of STIs during

adolescence (Centre for Disease Control and Prevention

2013). Additionally, cervical ectopy during adolescence

may place young women at an increased risk of bacterial

STI acquisition (Lee et al. 2006).
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In high-income countries, disproportionately high rates of

bacterial STIs in those under the age of 25 have resulted in

youth-directed opportunistic chlamydia screening pro-

grammes to identify and treat STI cases and interrupt the

spread of infection through the population. Despite this,

notifications of curable bacterial STIs have risen consistently

(Low 2007), resulting in questions about the quality, or

absence, of the clinical evidence currently informing STI

screening strategies (Low 2007). Due to the lack of high-

quality empirical data on the effectiveness of opportunistic

STI screening (Low et al. 2006, 2016), dynamic mathematical

modelling has been used to help understand the levels of

coverage and frequency of screening required to reduce STIs

levels (Turner et al. 2006; Kretzschmar et al. 2009; Low et al.

2009). Modelling studies of the impact of STI screening in

high-income countries have resulted in substantially different

conclusions regarding the impact of chlamydia screening in

youth (Althaus et al. 2011), and the reasons for these model

discrepancies are not well understood.

Globally, STI screening guidelines that have been

developed focused on chlamydia specifically and only in

the USA is gonorrhoea screening indicated for high-risk

groups (Centre for Disease Control 2015). This reflects the

STI disease burden in high-income countries, in which the

prevalence of gonorrhoea is negligible compared to the

prevalence of chlamydia (Newman et al. 2015). In devel-

oping countries with limited resources for diagnosis and

treatment, STI screening is not generally recommended and

most STIs are treated syndromically. With up to 60–70% of

chlamydial and gonococcal infections remaining asymp-

tomatic (Korenromp et al. 2002; Farley et al. 2003), there is

a strong appreciation of the limitations of syndromic

management and few modelling studies have been con-

ducted to assess the potential impact of opportunistic STI

screening programmes in developing countries (Vickerman

et al. 2006, 2010). Historically, limited access to laboratory

diagnostic services has stood as a barrier to STI testing, and

the feasibility of using rapid point-of-care (POC) STI tests

to deliver on-site STI diagnosis in resource-poor settings

has yet to be determined.

South Africa is an upper-middle income country with

some of the highest STI prevalence levels compared to

other African countries and global averages (Newman et al.

2015). There are no nationally representative data on the

population-wide prevalence of bacterial STIs in South

Africa, and clinical studies employing laboratory testing of

STIs report varying levels of STI prevalence in different

regions and sentinel populations. Consistent with global

trends, bacterial STI rates in young South African females

are generally higher than their male counterparts (Pettifor

et al. 2005; O’Leary et al. 2015). The prevalence of

chlamydia and gonorrhoea in South African women in

2005 was estimated to be 10.1% and 4.4%, respectively

(Johnson et al. 2012a) compared to levels of 3.0% and

0.3%, respectively, in high-income countries (Newman

et al. 2015). Reports of high burdens of asymptomatic STIs

in South African women (Mlisana et al. 2012; Peters et al.

2014) bring into question the adequacy of the syndromic

approach to STI control that is currently being imple-

mented. South Africa also has a relatively high prevalence

of concurrent sexual partnerships, which have been shown

to be important in sustaining the relatively high incidence

of gonorrhoea and chlamydia seen in the country (Johnson

and Geffen 2016), and large partner age differences are

also relatively common when compared to high-income

countries (Wellings et al. 2006). In a country like South

Africa, where the prevalence of gonorrhoea is almost half

the prevalence of chlamydia (Johnson et al. 2012a), it is

unclear whether the screening approach should be modified

to include gonorrhoea as well as chlamydia or to include

populations other than youth, nor is it obvious whether

youth STI screening would have a different effect to that

estimated in high-income settings.

We therefore aim to model the potential impact of

chlamydia and gonorrhoea screening in South African

youth and to compare this with other potential screening

strategies. We also aim to build a better understanding of

the factors that account for differences in model predictions

by comparing our model estimates of the impact of youth

chlamydia screening against those of other models applied

in high-income settings. This study uses a previously

developed agent-based model of STIs in South Africa to

estimate the effectiveness and efficiency of opportunistic

STI screening in a South African setting. We investigate

the impact of opportunistic screening strategies targeting

high-risk groups including youth, female sex workers

(FSWs), pregnant women and those in human immunode-

ficiency virus (HIV) care. Additionally, we compare the

modelled impact of a standardised screening programme to

results obtained from other published mathematical models

of chlamydia screening.

Methods

We extended a previously developed model of heterosex-

ual HIV and STI transmission in South Africa (Johnson and

Geffen 2016). MicroCOSM (Microsimulation for the

Control of South African Morbidity and Mortality) is an

agent-based model simulating the behaviour and disease

profile of a nationally representative sample of South

Africans; the initial population size in 1985, at the start of

the simulation, is 20,000, and the model is projected to

2028. A detailed description of the model specification and

sexual behaviour parameterisation can be found in Elec-

tronic Supplementary Material 2. Briefly, the population is

414 R. T. Esra, L. F. Johnson

123



stratified by sexual risk behaviour. High-risk individuals

have a propensity for concurrency and commercial sex, and

low-risk individuals engage only in monogamous rela-

tionships. Both high- and low-risk individuals can engage

in either short-term non-cohabitating or long-term cohab-

iting relationships. The choice of modelling approach was

informed by previous work demonstrating more realistic

results using stochastic network-based as opposed to fre-

quency-dependent modelling (Johnson and Geffen 2016).

We have introduced the components of a hypothetical

opportunistic screening intervention while keeping

parameters describing the transmission, duration and syn-

dromic management of STIs the same as in the original

model (Johnson and Geffen 2016). For the purpose of this

study, only chlamydia, gonorrhoea and HIV transmission

are simulated. Assumptions are made regarding probabili-

ties of transmission per act of unprotected sex, proportions

of cases that become symptomatic and the average duration

of infection in the absence of treatment, as has been pre-

viously described (Johnson and Geffen 2016). The model

has been fitted to South African STI prevalence data, and

for each STI a set of 100 parameter combinations has been

identified that yield the best model fit to South African STI

prevalence data (Electronic Supplementary Material 2,

Tables S8 and S9). All figures were created using Graph-

Pad Prism version 6 for MacBook (GraphPad software, La

Jolla California USA).

STI screening

In each scenario, a hypothetical ten-year screening pro-

gramme is simulated, starting in 2018. The screening and

testing strategies are detailed in Electronic Supplementary

Materials 1 and 2. Individuals are screened simultaneously

for chlamydia and gonorrhoea with a POC test assumed to

have the same sensitivity as the GeneXpert sensitivity for

urine samples (97.4% in females and 97.5% in males for

CT, 95.6% in females and 98.0% in males for NG) (Gaydos

et al. 2013). We compared the population-wide impact of 4

different opportunistic screening strategies targeting youth

(aged 15–24), FSWs, pregnant women and patients in HIV

care (aged[ 14). A detailed description of the specifica-

tion of these target groups is provided in Electronic Sup-

plementary Material 1. For each strategy, we investigated

the population impact of targeted screening with and

without partner notification. Women engaging in sex work

are assumed not to form short-term or long-term relation-

ships during the periods in which they are active as sex

workers. Due to this, partner notification could not be

simulated in the FSW population. In partner notification

scenarios, if screening produces a positive result in the

index case, both primary and secondary partners are

screened with a 50% probability (Electronic

Supplementary Material 1, Table S4). The assumed prob-

ability of cure in treated individuals is the same in index

cases and screened partners. The effectiveness of different

screening programmes was assessed by comparing the

cumulative incidence of new STI cases over the 10-year

screening programme and the reduction in STI prevalence

after 10 years of screening, relative to a base scenario in

which no screening takes place.

Specification of modelling assumptions

In the case of antenatal screening, a single screening

probability was applied to all pregnant women based on the

current rates of antenatal syphilis screening in South Africa

(Dinh et al. 2013). For the other screening strategies, the

annual rate of STI screening was calculated as the product

of the probability of healthcare utilisation, STI screening

acceptability and screening coverage (the probability of

being offered an STI test). STI screening parameters were

specified separately for each population, as summarised in

Table 1.

Standardised screening programme

Previous studies have compared three published models of

opportunistic chlamydia screening, simulating the same

hypothetical youth-directed screening strategy in European

settings (Kretzschmar et al. 2009; Althaus et al. 2011). We

adjusted our model in order to simulate the same screening

strategy and compared the outcomes to the above-men-

tioned studies. In order to be comparable, the following

adjustments were made: 16–24-year-olds were screened

with an annual probability of 35%, and partner notification

resulted in 45% of partners successfully screened and

treated (Kretzschmar et al. 2009). We additionally calcu-

lated the Gini coefficient, a measure of the distribution of

chlamydia infections among individuals with different

levels of sexual activity (Althaus et al. 2011). A Gini

coefficient of 0 represents a situation where the prevalence

of chlamydia infections is equal across all sexual behaviour

groups. A Gini coefficient of 1 represents a situation of

maximum inequality where chlamydia infections occur

only in the group with the highest rate of sexual contacts.

Results

Population-level impact of targeted STI
screening

Figure 1 illustrates the predicted change in population-

level chlamydia and gonorrhoea incidence and prevalence

after different screening strategies, relative to the base
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scenario. For both chlamydia and gonorrhoea incidence,

HIV care and youth screening resulted in the largest

decrease in cumulative incidence over the 10 years of the

screening period, followed by antenatal care (ANC) and

FSW screening (Electronic Supplementary Material 1,

Table S10). In terms of chlamydia prevalence, youth

screening resulted in the largest population-wide reduc-

tions, followed by screening those in HIV care, ANC and

FSWs (Fig. 1, Tables S10 and S11). Significant reductions

in population-level gonorrhoea prevalence were only seen

for HIV care screening (Fig. 1). Partner notification

resulted in significantly fewer incident and prevalent cases

of chlamydia for both men and women for all screening

scenarios in comparison with screening without partner

notification (Fig. 1). Across all scenarios, partner notifica-

tion did not significantly reduce the number of incident or

prevalent cases of gonorrhoea. Screening FSWs was the

most efficient screening strategy resulting in significantly

more STI cases averted per screening test than any of the

other screening strategies (Table 2).

Key population impact of targeted STI screening

Youth-directed screening resulted in large decreases of

chlamydia prevalence in both female and male youth and

modest reductions in gonorrhoea prevalence (Electronic

Supplementary Material 1, Table S13). While HIV care

and ANC-directed screening resulted in the reduction of

chlamydia prevalence in youth, these effects were much

smaller than those estimated for youth-targeted screening

(Electronic Supplementary Material 1, Table S13). Addi-

tionally, FSW-directed screening was shown to have no

impact on STI prevalence in the youth population (Elec-

tronic Supplementary Material 1, Table S13). Significant

reductions in chlamydia prevalence were predicted in ART

patients, pregnant women and FSWs after respective tar-

geted screening strategies (Tables 3 and S12). Significant

reductions in gonorrhoea prevalence after targeted screen-

ing were predicted in all targeted populations with the

exception of male youth and pregnant women (Tables 3

and S12). Partner notification resulted in significantly

fewer prevalent cases of chlamydia in all key populations

Table 1 Sexually transmitted infection (STI) screening model parameters

Parameter Females Males Sourcea

Assumed rate of screening in populations

for which screening rates are unknown

Screening coverageb 0.80 0.80

Annual healthcare utilisation rate

Youth (15–24) 0.48 0.32 GHS (South Africa)

FSWs 0.50 N/A Literature (South Africa)

HIV carec 0.90 0.90 Literature (South Africa)

Screening acceptability

Youth (15–24) 0.60 0.60 Literaturee

FSWs 0.80 N/A Literaturee

HIV care 1.00 1.00 Literaturee

Total annual screening rate

Youth (15–24) 0.23 0.15 The total annual screening rate was calculated as the

product of heath care utilisation, screening acceptability

and screening coverage
FSWs 0.32 N/A

HIV care 0.72 0.72

ANC 0.71 N/A Literature (South Africa)

Partner notificationd

Proportion of partners screened 0.50 0.50 Literaturee

ANC antenatal care, FSW female sex worker, GHS General Household Survey
aA full references of the sources on which these assumptions were based on are included in Supplemental Digital Content 1 Table S2
bProbability of being offered an STI test
cHIV-positive individuals, above the age of 14 and either on ART or in the symptomatic stages of HIV disease (WHO stage III or IV), are eligible

for annual STI screening
dOnly applicable in scenarios where partner notification is implemented
eIn the cases where there are no current data on these behaviours in the South African population, data sources from other countries, where

screening for chlamydia and gonorrhoea has been implemented, have been considered
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(C)  CT prevalence females (15 - 49)

(E) NG prevalence females (15 - 49)
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Fig. 1 Comparison of estimated population-level effect of targeting

youth, female sex workers (FSW), antenatal care (ANC) and those in

HIV care for sexually transmitted infection (STI) screenings. Bars

represent mean reductions in the incidence (A ? B) and prevalence

(C-F) of chlamydia and gonorrhoea after the implementation of a

targeted STI screening programmes (errors bars represent 95%

confidence intervals). The reduction in incidence and prevalence is

calculated relative to the level that would be expected in the absence

of any screening programme. Lower limits of the 95% CI are not

shown if they extend past zero. The means and 95% CIs are

calculated from the range of model outputs generated when the 100

best-fitting parameter combinations are entered into each model.

Estimated trends for South Africa from 2018 to 2028
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but had no significant impact on gonorrhoea prevalence in

comparison with targeted screening without partner noti-

fication (Tables 3 and S12).

Sensitivity analysis

We calculated correlation coefficients between the reduc-

tion in chlamydia and gonorrhoea incidence and prevalence

in the general population and the 100 best-fitting parameter

combinations. The probability of chlamydia transmission

per sex act was positively correlated with the reduction in

chlamydia incidence and prevalence due to screening

(Electronic Supplementary Material 1, Table S8). Addi-

tionally, the duration of asymptomatic chlamydial infection

and the duration of chlamydial immunity were negatively

associated with the reduction in chlamydia incidence and

prevalence (Electronic Supplementary Material 1,

Table S8). The same relationships were not observed

between gonorrhoea parameters and reductions in gonor-

rhoea incidence and prevalence (Electronic Supplementary

Material 1, Table S9).

Standardised screening programme

A comparison of MicroCOSM and the three previously

published models of chlamydia screening is summarised in

Electronic Supplementary Material 1 tables S15 and S16.

Compared to other models, prescreening chlamydia

prevalence in MicroCOSM was substantially higher, at

10.2% (95% CI 9.9–10.4%) for females and 7.4% (95% CI

7.2–7.6%) for males (Electronic Supplementary Material 1,

Table S14). The MicroCOSM model estimated the impact

of the standardised chlamydia screening programme to be

similar to that estimated by the RIVM model, but sub-

stantially less than that estimated by the HPA model and

substantially more than that estimated by the ClaSS model

(Fig. 2). We calculated the Gini coefficients for chlamydia

and gonorrhoea to be 0.37 and 0.40, respectively.

Discussion

High rates of bacterial STIs in youth have directed STI

screening strategies in the USA, UK, Sweden and Aus-

tralia. Based on estimates of low levels of health-seeking

behaviours in South African youth, we assumed that only

23% of female and 15% of male youths would be oppor-

tunistically screened per annum in a South African setting

(Statistics South Africa 2017). This study demonstrates that

even at such low levels of coverage, opportunistic STI

screening of youth may be an effective intervention to

reduce bacterial STI transmission in both South African

youth and the general population. Screening youth and

those in HIV care resulted in large reductions of popula-

tion-wide bacterial STI incidence and prevalence. Screen-

ing those in HIV care was the most effective strategy for

reducing population-wide STI transmission despite rela-

tively low levels of STI prevalence in patients in HIV care,

especially compared to youth (Table 3). This is due to the

fact that they comprise a large fraction of the population

and they have a higher level of healthcare engagement than

youth. Our model demonstrated that while partner notifi-

cation results in larger reductions in STI transmission, it is

not necessary for a sustained reduction in population-wide

chlamydia and gonorrhoea prevalence.

We estimated that ANC targeted screening resulted in a

modest reduction in STI transmission in comparison with

other strategies, despite high screening coverage in this

subpopulation. South Africa has the lowest fertility rate in

sub-Saharan Africa (Beatty 2016), and as a result, the

pregnant population comprises a relatively small fraction

of the total population. The modest impact of the inter-

vention may therefore be due to the relatively small pop-

ulation of pregnant women when compared to the sizes of

the populations targeted in the youth and HIV care

screening strategies. While STI screening has been shown

to be acceptable and feasible in low-income setting where

women are already attending antenatal clinics for routine

check-ups (Wynn et al. 2016), there are limited empirical

data on its effectiveness at reducing both STI transmission

and adverse birth outcomes (Mullick et al. 2005).

FSW screening was shown to be the least effective but

most efficient screening strategy overall. This is partly due

Table 2 Estimated number of new sexually transmitted infection

(STI) cases averted (in the general population) per 100 individual STI

tests

Screening strategy Chlamydia Gonorrhoea

Adolescent 5.7 (5.1–6.3) 5.2 (3.1–7.2)

Adolescent PN 6.9 (6.2–7.5) 5.9 (4–7.8)

FSW 45 (13–78) 248 (140–357)

ANC 5.5 (4–7) 8.2 (1.5–14.9)

ANC PN 7.5 (6–9) 6.5 (1.1–11.9)

HIV care 5.2 (4.8–5.6) 5.5 (4.3–6.7)

HIV care PN 6.3 (5.8–6.7) 5.8 (4.5–7.1)

Number of STI cases averted per single dual screening test was cal-

culated as the cumulative reduction in incident STI cases divided by

the total number of screening tests over the 10-year screening period

The means and 95% CIs are calculated from the range of model

outputs generated when the 100 best-fitting parameter combinations

are entered into each model. Estimated trends for South Africa from

2018 to 2028

ANC antenatal care, ART antiretroviral treatment, FSW female sex

worker, PN partner notification
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to the high prevalence of STIs in FSWs and the small size

of the FSW population relative to the other subpopulations.

The prevalence of chlamydia in FSWs is slightly higher

than the general population, and as a result, FSWs do not

play a large role in sustaining chlamydia transmission at a

population level. In contrast, gonorrhoea prevalence in

FSWs is almost 10 times that of the general population, so

there is a relatively greater impact of FSW screening on

gonorrhoea incidence. At a population level, there was a

relatively smaller impact of opportunistic screening for

gonorrhoea compared to chlamydia. This is likely due to

the relatively low population prevalence of gonorrhoea in

Table 3 Estimated sexually transmitted infection (STI) prevalence in targeted populations in 2028, after the implementation of a 10-year

targeted screening programme

Scenario Chlamydia Gonorrhoea

Females Males Females Males

Projected prevalence in 2018 (prior to the

implementation of screening)

General population (15–49 years) 9.2 (8.99–9.38) 6.73 (6.53–6.92) 3.08 (2.89–3.27) 1.57 (1.46–1.69)

Youth (15–24 years) 12.62 (12.32–12.92) 6.69 (6.46–6.93) 4.01 (3.77–4.25) 6.69 (6.46–6.93)

FSWs 15.33 (14.66–15.99) 24.22 (23.31–25.14)

ANC 12.38 (12.13–12.63) 4.30 (4.03–4.56)

HIV care 9.60 (9.28–9.92) 9.19 (8.84–9.55) 3.77 (3.50–4.03) 2.49 (2.28–2.71)

Projected prevalence in 2028 (after a 10-year

opportunistic screening programme)

Prevalence in the general population (aged 15

to 49 years)

Base scenarioa 8.87 (8.69–9.05) 6.56 (6.39–6.74) 2.97 (2.79–3.15) 1.51 (1.40–1.63)

Youth screening 7.52 (7.35–7.69) 5.66 (5.48–5.84) 2.82 (2.65–3.00) 1.45 (1.34–1.56)

Youth screening ? PN 7.33 (7.14–7.52) 5.44 (5.26–5.62) 2.85 (2.67–3.02) 1.46 (1.35–1.57)

FSW screening 8.77 (8.59–8.96) 6.47 (6.29–6.65) 2.88 (2.71–3.06) 1.48 (1.36–1.60)

ANC screening 8.25 (8.06–8.44) 6.26 (6.07–6.46) 2.89 (2.72–3.07) 1.51 (1.40–1.63)

ANC screening ? PN 8.10 (7.90–8.30) 6.13 (5.94–6.33) 2.90 (2.74–3.06) 1.47 (1.36–1.57)

HIV care screening 7.57 (7.40–7.74) 5.72 (5.55–5.88) 2.77 (2.61–2.94) 1.41 (1.31–1.52)

HIV care screening ? PN 7.35 (7.16–7.53) 5.55 (5.37–5.73) 2.68 (2.52–2.84) 1.38 (1.28–1.49)

Prevalence in youth (aged 15 to 24 years)

Base scenarioa 12.27 (11.96–12.57) 6.35 (6.59–6.1) 3.91 (3.66–4.17) 1.52 (1.40–1.64)

Youth screening 9.10 (8.82–9.38) 4.88 (4.65–5.10) 3.53 (3.31–3.76) 1.41 (1.30–1.51)

Youth screening ? PN 8.49 (8.20–8.78) 4.34 (4.15–4.53) 3.49 (3.27–3.70) 1.41 (1.30–1.52)

Prevalence in FSWs

Base scenarioa 15.19 (14.51–15.88) 24.15 (23.2–25.09)

FSW screening 13.84 (13.22–14.46) 22.59 (21.69–23.49)

Prevalence in pregnant women

Base scenarioa 12.15 (11.92–12.38) 4.27 (4.01–4.53)

ANC screening 11.28 (11.02–11.53) 4.16 (3.91–4.41)

ANC screening ? PN 11.06 (10.79–11.33) 4.14 (3.92–4.37)

Prevalence in patients linked to HIV care

Base scenarioa 8.37 (8.10–8.65) 8.24 (7.94–8.55) 2.91 (2.71–3.11) 1.95 (1.79–2,12)

HIV care screening 3.94 (3.76–4.12) 3.93 (3.71–4.14) 2.21 (2.04–2.38) 1.50 (1.36–1.64)

HIV care screening ? PN 3.63 (3.46–3.79) 3.70 (3.52–3.88) 2.09 (1.93–2.26) 1.44 (1.30–1.57)

The means and 95% CIs are calculated from the range of model outputs generated when the 100 best-fitting parameter combinations are entered

into each model. The hypothetical implementation of STI screening programmes is simulated as being initiated in 2018. Estimated trends for

South Africa from 2018 to 2028

ANC antenatal care, ART antiretroviral treatment, FSW female sex worker, PN partner notification
aBase scenario prevalence estimates are the prevalence levels that would be expected in the absence of any screening intervention
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this model resulting in less statistical power to observe the

impact of the intervention. A Gini coefficient of 0.40 was

calculated for gonorrhoea, higher than the value of 0.37 for

chlamydia, indicating greater concentration of gonorrhoea

in high-risk groups, like FSW, and thus targeted screening

of other subpopulations is less effective.

Previously published models of chlamydia screening

have reported substantially different outcomes (Kret-

zschmar et al. 2009), creating uncertainty in health policy

decision-making. We considered the standardised screen-

ing programme described by Kretzschmar et al. to compare

the predicted impact of a 10-year youth-directed screening

chlamydia programme to that estimated by the HPA,

RIVM and ClaSS models (Kretzschmar et al. 2009). Our

model yielded similar estimates to those from the RIVM

model, but not to the ClaSS and HPA models. The previ-

ously published models discussed in this study were

developed to inform STI screening guidelines in high-in-

come settings (Kretzschmar et al. 1996; Turner et al. 2006;

Low et al. 2009). The MicroCOSM model has been para-

metrised to the South African setting, and as a conse-

quence, we would not necessarily expect the simulated

intervention impact to be the same across models.

There were substantial differences in the model char-

acteristics and chlamydia natural history parameters

between the MicroCOSM model and the three previously

published models (Electronic Supplementary Material 1,

Tables S15 and S16). Most notably, our model assumed a

longer duration of asymptomatic infection and included the

possibility of temporary immunity after treatment which

was not present in the other models. In our model, both the

duration of immunity and duration of asymptomatic

infection were negatively correlated with the impact of the

screening intervention. There is substantial uncertainty

regarding the nature and magnitude of immunity following

recovery from chlamydia and gonorrhoea, and our findings

must therefore be viewed with caution. However, there is

evidence of partial strain-specific immunity after both

chlamydia (Batteiger et al. 2010) and gonorrhoea (Moodley

et al. 2002) and it has been hypothesised that early treat-

ment of chlamydia may interrupt the development of nat-

ural immunity resulting in a higher proportion of

susceptible individuals in the population (Brunham et al.

2005). Previous modelling studies demonstrated that

including partial immunity for both chlamydia and gonor-

rhoea resulted in estimates that better fit empirical STI

prevalence compared to models that do not allow for

immunity (Johnson et al. 2011; Omori et al. 2019). Addi-

tionally, models that included temporary immunity pre-

dicted substantially lower impacts of therapeutic STI

interventions, most likely because the direct benefit of the

intervention in the short term is offset by a longer-term

reduction in the prevalence of immunity (Johnson et al.

2011). All other things being equal, we might therefore

expect MicroCOSM to estimate a lower impact of

chlamydia screening than the other models.

However, model differences can also be explained in

terms of behavioural factors. Previous studies have shown

that greater heterogeneity in modelled risk of infection

results in a lower impact of STI prevention interventions

(Johnson et al. 2012b). The ClaSS model substantially

overstated the extent of heterogeneity in the distribution of
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Fig. 2 Comparison of modelled effects of a standardised chlamydia

screening programme on chlamydia prevalence, as estimated by

different mathematical models. Bars represent the percentage reduc-

tion in chlamydia prevalence in 16–44-year-olds after 10 years of

chlamydia screening in women only (errors bars represent 95%

confidence intervals). For the MicroCOSM model, the means and

95% CIs are calculated from the range of model outputs generated

when the 100 best-fitting parameter combinations are entered into the

model. Estimated trends for UK, Netherlands and South Africa after a

hypothetical 10-year screening programme. HPA Health Protection

Agency, UK, RIVM National Institute for Public Health and the

Environment, Netherlands, MicroCOSM Microsimulation for the

Control of South African Morbidity and Mortality, South Africa,

ClaSS The Chlamydia Screening Studies, UK

420 R. T. Esra, L. F. Johnson

123



chlamydia risk in the UK (Gini coefficient = 0.84)

(Althaus et al. 2011) and predicted the lowest impact of the

10-year screening programme (Kretzschmar et al. 2009;

Althaus et al. 2011). The impact of the screening pro-

gramme estimated by our model was similar to that of

RIVM model, which was found to best describe the

dynamics of chlamydia transmission, sexual partnerships

and the distribution of chlamydia infection in the UK

population (Althaus et al. 2011). Although our allowance

for immunity and greater assumed duration of asymp-

tomatic infection would be expected to lead to a lesser

impact of screening in our model compared to the RIVM

model, this effect is offset by the greater degree of

heterogeneity in the distribution of chlamydia risk in the

RIVM model (Gini coefficient = 0.46) compared to our

model (Gini coefficient = 0.37).

A strength of this study is that we utilised a model that

has been parametrised to South African sexual behaviour

and STI epidemiology to investigate the impact of dual

screening for chlamydia and gonorrhoea in a low-resource

setting. Globally, STI screening guidelines have focused on

chlamydia specifically, and few have called for gonorrhoea

screening. This reflects the STI disease burden in high-

income countries, in which the prevalence of gonorrhoea is

negligible compared to the prevalence of chlamydia

(Newman et al. 2015). Due to the overall low prevalence of

gonorrhoea and the threat of increasing antimicrobial

resistance, opportunistic screening for gonorrhoea is not

recommended unless clinically indicated, with recent

modelling studies, suggesting that increasing screening for

NG in high-risk population may result in a proliferation of

resistant strains that may not be offset by the initial

reduction of population prevalence (Chan et al. 2012; Grad

et al. 2018). In South Africa, however, the prevalence of

gonorrhoea is almost half the prevalence of chlamydia

(Johnson et al. 2012a), and there is thus a need for both

chlamydia and gonorrhoea screening. A limitation of this

study was that we did not consider the development of

gonorrhoea antibiotic resistance in response to widespread

gonorrhoea screening and treatment. Gonorrhoea resistance

to first-line antibiotics is a global concern (Ohnishi et al.

2011; Unemo 2013), and recent modelling studies have

highlighted the importance of considering the spread of

gonorrhoea resistance when developing public health rec-

ommendations for gonorrhoea screening (Grad et al. 2018).

When modelling the impact of STI screening, there are

concerns about the validity of assumptions surrounding

sexual contact structure and the natural history of STIs

(Low et al. 2009). Comparative modelling studies have

demonstrated how differences in the specifications of

heterogeneity in sexual risk behaviour can explain the

differing results of previously published models evaluating

the effectiveness of STI screening (Kretzschmar et al.

2009; Althaus et al. 2011). A limitation of our analysis is

that we do not consider this uncertainty when assessing the

impact of STI screening. An additional limitation is that we

have run a single simulation for each of the 100 parameter

combinations used to generate the model results, and

measures of uncertainty may therefore be exaggerated by

stochastic variation.

A further limitation of this study is that our model has

been calibrated using South African STI prevalence data

from specific locations that are not nationally representa-

tive, as there is currently no routine chlamydia and gon-

orrhoea surveillance in South Africa. Additionally, the

model is not geographically stratified and therefore cannot

evaluate screening strategies targeting high-risk areas. In

this version of MicroCOSM, only heterosexual STI trans-

mission is modelled.

This model assumed STI test specifications consistent

with the Cepheid Dual Xpert CT/NG rapid POC test that is

commonly used in high-income countries. The Xpert CT/

NG test has a substantially higher cost than commercially

available NAATs, and the feasibility of implementing this

test in resource-poor settings has yet to be determined

(Herbst de Cortina et al. 2016). There is a need for simple

and inexpensive POC tests that can be delivered in a single

patient that may be utilised in a South African setting.

Conclusions

Youth-directed opportunistic screening may significantly

reduce STI transmission in South African youth, despite

low levels of healthcare engagement in this high-risk

population. While all four screening strategies resulted in

reductions in general population STI transmission, oppor-

tunistic chlamydia and gonorrhoea screening of youth and

those accessing antiretroviral treatment are likely to be the

most effective interventions for reducing bacterial STI

transmission in the South African population, and screen-

ing of sex workers is likely to be the most efficient strategy.
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Low N, Redmond S, Uusküla A et al (2016) Screening for genital

chlamydia infection. Cochrane Database Syst Rev. https://doi.

org/10.1002/14651858.CD010866.pub2

Menon S, Timms P, Allan JA et al (2015) Human and pathogen

factors associated with Chlamydia trachomatis-related infertility

in women. Clin Microbiol Rev 28:969–985. https://doi.org/10.

1128/CMR.00035-15

Mlisana K, Naicker N, Werner L et al (2012) Symptomatic vaginal

discharge is a poor predictor of sexually transmitted infections

and genital tract inflammation in high-risk women in South

Africa. J Infect Dis 206:6–14. https://doi.org/10.1093/infdis/

jis298

Moodley P, Martin IMC, Ison CA, Sturm AW (2002) Typing of

Neisseria gonorrhoeae reveals rapid reinfection in rural South

Africa. J Clin Microbiol 40:4567–4570. https://doi.org/10.1128/

JCM.40.12.4567-4570.2002

Mullick S, Watson-Jones D, Beksinska M, Mabey D (2005) Sexually

transmitted infections in pregnancy: prevalence, impact on

pregnancy outcomes, and approach to treatment in developing

countries. Sex Transm Infect 81:294–302. https://doi.org/10.

1136/sti.2002.004077

Newman L, Rowley J, Vander Hoorn S et al (2015) Global estimates

of the prevalence and incidence of four curable sexually

transmitted infections in 2012 based on systematic review and

global reporting. PLoS ONE 10:1–17. https://doi.org/10.1371/

journal.pone.0143304

422 R. T. Esra, L. F. Johnson

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1098/rsif.2011.0131
https://doi.org/10.1098/rsif.2011.0131
https://doi.org/10.1086/648734
https://doi.org/10.1086/497341
https://doi.org/10.1086/497341
https://doi.org/10.1136/sextrans-2011-050049
https://doi.org/10.1136/sextrans-2011-050049
https://doi.org/10.1097/OLQ.0000000000000042
https://doi.org/10.1097/OLQ.0000000000000042
https://doi.org/10.1016/S0091-7435(02)00058-0
https://doi.org/10.1128/jcm.03461-12
https://doi.org/10.1093/infdis/jiv517
https://doi.org/10.1093/infdis/jiv517
https://doi.org/10.1155/2016/4386127
https://doi.org/10.1017/S0950268811000045
https://doi.org/10.1017/S0950268811000045
https://doi.org/10.1111/j.1365-3156.2011.02906.x
https://doi.org/10.1097/OLQ.0000000000000412
https://doi.org/10.1097/OLQ.0000000000000412
https://doi.org/10.1258/0956462021924712
https://doi.org/10.1258/0956462021924712
https://doi.org/10.1136/sti.2009.036251
https://doi.org/10.1783/147118906776276440
https://doi.org/10.1783/147118906776276440
https://doi.org/10.1136/bmj.39154.378079.BE
https://doi.org/10.1136/bmj.39154.378079.BE
https://doi.org/10.1086/596746
https://doi.org/10.1002/14651858.CD010866.pub2
https://doi.org/10.1002/14651858.CD010866.pub2
https://doi.org/10.1128/CMR.00035-15
https://doi.org/10.1128/CMR.00035-15
https://doi.org/10.1093/infdis/jis298
https://doi.org/10.1093/infdis/jis298
https://doi.org/10.1128/JCM.40.12.4567-4570.2002
https://doi.org/10.1128/JCM.40.12.4567-4570.2002
https://doi.org/10.1136/sti.2002.004077
https://doi.org/10.1136/sti.2002.004077
https://doi.org/10.1371/journal.pone.0143304
https://doi.org/10.1371/journal.pone.0143304


O’Leary A, Jemmott JB III, Jemmott LS et al (2015) Associations

between psychosocial factors and incidence of sexually trans-

mitted disease among South African adolescents. Sex Transm

Dis 42:135–139. https://doi.org/10.1097/OLQ.

0000000000000247

Ohnishi M, Golparian D, Shimuta K et al (2011) Is Neisseria

gonorrhoeae initiating a future era of untreatable gonorrhea?

Detailed characterization of the first strain with high-level

resistance to ceftriaxone. Antimicrob Agents Chemother

55:3538–3545. https://doi.org/10.1128/AAC.00325-11

Omori R, Chemaitelly H, Althaus CL, Abu-raddad LJ (2019) Does

infection with Chlamydia trachomatis induce long-lasting partial

immunity? Insights from mathematical modelling. Sex Transm

Infect 95:115–121. https://doi.org/10.1136/sextrans-2018-

053543

Peters RPH, Dubbink JH, van der Eem L et al (2014) Cross-sectional

study of genital, rectal, and pharyngeal chlamydia and gonorrhea

in women in rural South Africa. Sex Transm Dis 41:564–569.

https://doi.org/10.1097/OLQ.0000000000000175

Pettifor AE, Kleinschmidt I, Levin J et al (2005) A community-based

study to examine the effect of a youth HIV prevention

intervention on young people aged 15–24 in South Africa:

results of the baseline survey. Trop Med Int Health 10:971–980.

https://doi.org/10.1111/j.1365-3156.2005.01483.x

Statistics South Africa (Stats SA) (2017) South Africa General

Household Survey 2016. Stats SA, Pretoria

Turner KME, Adams EJ, Lamontagne DS et al (2006) Modelling the

effectiveness of chlamydia screening in England. Sex Transm

Infect 82:496–502. https://doi.org/10.1136/sti.2005.019067

Unemo M (2013) Emergence of multidrug resistant drug resistant and

untreatable gonorrhea. Future Microbiol 7:1401–1422. https://

doi.org/10.2217/fmb.12.117.Emergence

Vickerman P, Watts C, Peeling RW et al (2006) Modelling the cost

effectiveness of rapid point of care diagnostic tests for the

control of HIV and other sexually transmitted infections among

female sex workers. Sex Transm Infect 82:403–412. https://doi.

org/10.1136/sti.2006.020107

Vickerman P, Ndowa F, O’Farrell N et al (2010) Using mathematical

modelling to estimate the impact of periodic presumptive

treatment on the transmission of sexually transmitted infections

and HIV among female sex workers. Sex Transm Infect

86:163–168. https://doi.org/10.1136/sti.2008.034678

Wellings K, Collumbien M, Slaymaker E et al (2006) Sexual

behaviour in context: a global perspective. Lancet. https://doi.

org/10.1016/S0140-6736(06)69479-8

World Health Organisation (2018) Report on global sexually

transmitted infection surveillance. WHO, Geneva

Wynn A, Ramogola-Masire D, Gaolebale P et al (2016) Acceptability

and feasibility of sexually transmitted infection testing and

treatment among pregnant women in Gaborone, Botswana, 2015.

Biomed Res Int 2016:1251238. https://doi.org/10.1155/2016/

1251238

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Modelling the impact of screening for chlamydia and gonorrhoea in youth and other… 423

123

https://doi.org/10.1097/OLQ.0000000000000247
https://doi.org/10.1097/OLQ.0000000000000247
https://doi.org/10.1128/AAC.00325-11
https://doi.org/10.1136/sextrans-2018-053543
https://doi.org/10.1136/sextrans-2018-053543
https://doi.org/10.1097/OLQ.0000000000000175
https://doi.org/10.1111/j.1365-3156.2005.01483.x
https://doi.org/10.1136/sti.2005.019067
https://doi.org/10.2217/fmb.12.117.Emergence
https://doi.org/10.2217/fmb.12.117.Emergence
https://doi.org/10.1136/sti.2006.020107
https://doi.org/10.1136/sti.2006.020107
https://doi.org/10.1136/sti.2008.034678
https://doi.org/10.1016/S0140-6736(06)69479-8
https://doi.org/10.1016/S0140-6736(06)69479-8
https://doi.org/10.1155/2016/1251238
https://doi.org/10.1155/2016/1251238

	Modelling the impact of screening for chlamydia and gonorrhoea in youth and other high-prevalence groups in a resource-limited setting
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Methods
	STI screening
	Specification of modelling assumptions
	Standardised screening programme

	Results
	Population-level impact of targeted STI screening
	Key population impact of targeted STI screening
	Sensitivity analysis
	Standardised screening programme

	Discussion
	Conclusions

	Open Access
	References




