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1 Description of the model

1.1 Schematic overview of the chlamydia infection process

eFigure A1 is a schematic overview of the chlamydia infection process. The compartmental
model has a susceptible-infected-susceptible (SIS) structure and stratifies the population by sex,
using the labels w and m (woman, men) in the subscript. The population is also stratified by
risk class, indicated with the label g ∈ {l, h} in the superscript, which describe low risk and high
risk groups, respectively.1;2 It is assumed that the male and female populations are of equal size
(Nw = Nm) and that a proportion ρ belongs to the high risk class (Nh

w = ρNw = Nh
m = ρNm).

In the notation for women, the second superscript (k) defines the number of repeated chlamy-
dia infections a woman has had k ∈ {0, 1, 2}. Note that the third layer (k = 2) also contains
women with more than two repeated infections. Three layers for women allow us to vary the
fraction of all infected women who progress to PID (fk) depending on the number of repeated
chlamydia infections. The infection in women is split into two stages. The transition from the
first to the second stage defines the time point (1/γ) at which PID can develop. More details
about the infection process, the incorporation of the progression from chlamydia to PID, and
the screening intervention can be found in the main text and in chapters 1-3 of the eAppendix.
The definitions of the the other parameters are given in Table 1 of the main text.
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eFigure A1: Schematic overview of the chlamydia infection process.

1.2 Differential equations

The model is described by the following set of differential equations with g ∈ {l, h}. The
definitions of the the other parameters are given in Table 1 of the main text.
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dSg,0w
dt

= µN g
w − (λgw + µ)Sg,0w

dIg,0wx
dt

= λgwS
g,0
w − (r + αw + γ + µ)Ig,0wx

dIg,0wy
dt

= γIg,0wx − (r + αw + µ)Ig,0wy

dSg,1w
dt

= −(λgw + µ)Sg,1w + (r + αw)

(
Ig,0wx + Ig,0wy

)
dIg,1wx
dt

= λgwS
g,1
w − (r + αw + γ + µ)Ig,1wx

dIg,1wy
dt

= γIg,1wx − (r + αw + µ)Ig,1wy

dSg,2w
dt

= −(λgw + µ)Sg,2w + (r + αw)

(
Ig,1wx + Ig,1wy + Ig,2wx + Ig,2wy

)
dIg,2wx
dt

= λgwS
g,2
w − (r + αw + γ + µ)Ig,2wx

dIg,2wy
dt

= γIg,2wx − (r + αw + µ)Ig,2wy

dSgm
dt

= µN g
m − (λgm + µ)Sgm + (r + αm)Igm

dIgm
dt

= λgmS
g
m − (r + αm + µ)Igm

1.3 Mixing matrix and the force of infection

The time dependent force of infection parameters (λgw, λ
g
m) are calculated, taking into account

mixing between the risk groups, the number of infected persons of the opposite sex, and the
transmission probability per partner. It is assumed that transmission probability per partner
is independent of risk group. The risk group is indicated by the superscript g ∈ {l, h} for low
risk and high risk groups, respectively.

We assume that women and men have the same proportion ρ of high risk members, and that
there are equal proportions of men and women in the total population (N), i.e. N l = (1− ρ)N
and Nh = ρN , where N stands for the total population.

The 2× 2 mixing matrix M = (mij)i,j∈{l,h} is defined as follows

mij = ω
( cjN

j

clN l + chNh

)
+ (1− ω)δij with δij =

{
1 for i = j
0 for i 6= j
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where the first index i ∈ {l, h} represents the risk group of the susceptible person and the
second index j ∈ {l, h} represents the risk group of the infected person of the opposite sex.1;2

The parameter ω is used to change from fully assortative mixing (ω = 0) to fully proportionate
mixing (ω = 1).

The time dependent force of infection parameters (λgw, λ
g
m) are calculated as follows with

λgw = cgβmgl
I lm
N l
m

+ cgβmgh
Ihm
Nh
m

λgm = cgβmgl

∑2
k=0(I

l,k
wx + I l,kwy)

N l
w

+ cgβmgh

∑2
k=0(I

h,k
wx + Ih,kwy )

Nh
w

where cg is the partner change rate in the risk group g, β the transmission probability per
partner; mij the mixing between risk groups, Ig,kwx , I

g,k
wy , and Igm the number of infected people,

and N g
w, N

g
m the total number of persons in risk group g for women and men, respectively. For

example, λlw is the force of infection which works on susceptible woman in the low risk group,
see also eTable A1 on p5.

eTable A1: Force of infection formula with the example λlw

λlw = clβmll
Ilm
N l

m
+ clβmlh

Ihm
Nh

m

cl contact rate for woman in a low risk group
β transmission probability per partner
mll mixing of low risk susceptible with low risk infected
mlh mixing of low risk susceptible with high risk infected
I lm/N

l
m proportion of infected men in low risk group (prevalence)

Ihm/N
h
m proportion of infected men in high risk group (prevalence)

2 Detailed description of screening interventions

For the baseline scenario we assumed constant coverage of chlamydia test uptake. We used
an estimated proportion of women seeking treatment for chlamydia in the UK. This estimate
(4.5%) was derived in a model by Turner et al.,3 which was fitted to data from Natsal-2I and
Adams et al.4;5 Owing to a lack of data, we assumed that screening uptake in men would be
half the screening uptake in women (2.25%).

For the intervention scenario, we assumed a stepwise increase over ten years from the baseline
scenario level of test uptake, to the screening uptake in 2010/2011 based on the reports of the
National Chlamydia Screening Programme in 15-24 year olds: women (42.7%); men (22.6%).6

We applied these uptake levels to the model population aged 16-25 years, for whom we defined
the behavioural parameters of the model, and assumed no difference in uptake between low risk
and high risk groups. See eFigure A2 on p6.

IBritain’s Second National Survey of Sexual Attitudes and Lifestyles
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eFigure A2: Screening uptake in the baseline and intervention scenarios. Stepwise
increase over ten years for the screening uptake in intervention scenario: women (black solid
line) and men (black dashed line). Constant background chlamydia test uptake in the
baseline scenario: women (grey solid line) and men (grey dashed line).

3 Progression from chlamydia infection to PID

We assumed that PID development becomes possible at a single timepoint after infection with
chlamydia. This timepoint is not dependent on the number of repeated chlamydia infections
(k) or on risk group membership (g).

3.1 Relation between the fractions fk, f̃k, and the scaling factor J

The difference between fk and f̃k is that fk is the fraction of all infected women in layer k who
develop PID, whereas f̃k specifies the fraction of women who develop PID at the time point of
possible PID occurrence. The relation between the two is

fk = f̃k
γ

(γ + r + µ)

where γ
(γ+r+µ)

is the probability of making the transition between the two infection stages, in
absence of any screening uptake.

The mean time until point of possible PID occurrence 1
γ

is regulated by the mean duration of

infection 1
r
; the relation

1

γ
= J

1

r

uses a scaling factor J (see eFigure A3). If development of PID happens close to the beginning
of a chlamydia infection (J ≈ 0), the fraction f̃k of women who develop PID at the time point
of possible PID occurrence is almost equal to fk. The later the time point of possible PID oc-
currence during the chlamydia infection, the bigger the fraction f̃k, to guarantee that, overall,
a fraction fk will develop PID. This is necessary because there are more women able to clear
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their infection before they are at risk of developing PID. For example, J=2, implies that the
mean time until the point of possible PID occurrence is twice the mean duration of infection.
In this situation, most infected women will have cleared the infection before this point, so only
a small proportion will make the transition and be at risk of developing PID.

Mean duration of infection
Time  

Start of infection

3 J<1

1 J>1
2 J=1

3
2

1

eFigure A3: Illustration of scaling factor J . Relationship between mean duration of
infection 1

r and the mean time between start of infection and timepoint of possible clinical
PID occurrence 1

γ using the scaling factor J . The three options indicated are that the mean
time until the timepoint of possible clinical PID occurrence is longer than the mean duration
of infection (1) with J > 1; is equal to the mean duration of the infection (2) with J = 1;
or, is shorter than the duration of infection (3) J < 1.

eFigure A4 shows the natural boundaries for the fraction (f) of infected women who progressed
to PID for different mean times ( 1

γ
) until the point of possible PID occurrence, using baseline

values for all other parameters (Table 1 of the main text).
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eFigure A4: Plausible values for the fraction of all women infected who develop
PID for different mean time until progression to clinical PID becomes possible.
The condition for the fraction of infected women who develop PID at time point when
clinical PID becomes possible (f̃) is met, i.e. f̃ < 100% (grey shaded area) and f̃ = 100%
(solid line), respectively.

There is only a small area of plausible combinations of the fraction (f) of all women infected
with chlamydia who then progress to PID and the mean time until the point of possible PID
occurrence. The range of plausible values for the fraction decreases with increasing mean
time until point of possible PID occurrence because more women recover without making the
transition to the second infection stage as the mean time increases. Therefore, the fraction f̃ of
infected women who develop PID at the specific time point has to increase, but the condition
f̃ ≤ 100% must be met simultaneously. The area with plausible combinations changes only
marginally when the baseline value for the mean duration of infection is halved or doubled.
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3.2 Direct and indirect effect of screening on PID incidence

The overall cumulative incidence of PID cases (C[t]) at time point t is the sum of the cumulative
incidence Cg,k[t] in the different risk groups g and layers k and is described by the following
equation:

C[t] =
∑
g∈{l,h}

2∑
k=0

Cg,k[t] with
dCg,k[t]

dt
=f̃kγI

g,k
fx [t]

where f̃k specifies the fraction of women who develop clinical PID at the time point of possible
PID occurrence, 1

γ
is the mean time between start of infection and time point of possible PID

occurrence, and Ig,kfx [t] is the number of infected women in the first infection stage of risk class
g and layer k at time point t.

Total prevented PID cases The total number of cumulative prevented PID cases (Ptot[t])
at time point t equals the difference between the cumulative PID incidences in the intervention
scenario (CI [t]) and the baseline scenario (CB[t]).

Ptot[t] = CB[t]− CI [t]

Directly prevented PID The cumulative number of directly prevented PID cases (Pd[t]) at
time point t is derived by keeping track of the number of women who leave the first infection
stage through screening who would have developed PID in the absence of screening, i.e. women
who receive a test and treatment who would otherwise have progressed to PID.

Pd[t] =
∑
g∈{l,h}

2∑
k=0

P g,k
d [t] with

dP g,k
d [t]

dt
=f̃k

γ

γ + r + µ
αfI

g,k
fx [t]

where αfI
g,k
fx are the women who leave the first infection stage through screening, γ

γ+r+µ
is the

probability that they would have made the transition to the second infection stage in absence
of screening, and f̃k is the fraction of those who would have developed PID.

Indirectly prevented PID cases The cumulative number of indirectly prevented PID cases
(Pi[t]) is derived from the difference between the total and the number of directly prevented
PID cases, i.e. the change in the number of PID cases that results from infected women being
treated and becoming susceptible and reducing the force of infection

Pi[t] = Ptot[t]− Pd[t].

All cumulative incidences are set to zero at start of the intervention scenario at time point
t = 0.
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3.3 Probability of experiencing a certain number of PID episodes

The probability that a woman will experience a certain number of clinical PID episodes dur-
ing her sexual life time in the model can be calculated for a given constant force of infection
(λgw[t] = const). In the main text we use n = 3 layers, i.e. k ∈ {0, 1, 2}. eFigure A5 shows the
possibilities and corresponding probabilities that a woman who enters the kth layer will proceed
to the next layer or leaves the system.

Sw
g,k+1

Sw
g,k

Iwx
g,k leave

Sw
g,k+1 leave

leaveIwy
g,k

no PID

Iwy
g,k

PID

Sw
g,k+1 leave

    λg

(λg+μ)
w

w

    μ
(λg+μ)w

     r+αw
(γ+r+αw+μ)

       fkγ
(γ+r+αw+μ)

~
    (1-fk)γ
(γ+r+αw+μ)

~
     μ
(r+αw+μ)

     μ
(r+αw+μ)

     μ
(r+αw+μ)

    r+αw
(r+αw+μ)

    r+αw
(r+αw+μ)

eFigure A5: Possibilities and corresponding probabilities that a woman who enters the
kth layer proceeds to the next layer or leaves the system. See eTable A2 for the explanation
of the parameters.

For the women leaving the system from the kth layer we determined the probabilities both for
having had a PID episode in the kth layer and for not having had a PID episode in the kth layer.
Similarly for the women progressing to the (k + 1)th layer we determined the probabilities for
having and not having had a PID episode in the kth layer.

Ak = P
[
Sg,kf → leave with PID

]
=

λgw
(λgw + µ)

f̃k
γ

(γ + r + αw + µ)

µ

(r + αw + µ)

Bk = P
[
Sg,kf → Sl,k+1

f with PID
]

=
λgw

λgw + µ
f̃k

γ

(γ + r + αw + µ)

r + αw
(r + αw + µ)
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Ck = P
[
Sg,kf → Sl,k+1

f no PID
]

=
λgw

λgw + µ

[
r + αw

γ + r + αw + µ
+

(1− f̃k)γ
(γ + r + αw + µ)

r + αw
(r + αw + µ)

]
Dk = P

[
Sg,kf → leave no PID

]
=

µ

λgw + µ

+
λgw

λgw + µ

[
µ

(γ + r + αw + µ)
+

(1− f̃k)γ
(γ + r + αw + µ)

µ

(r + αw + µ)

]

where it holds that Ak +Bk +Ck +Dk = 1 and Ak, Bk, Ck, Dk are all smaller than one if µ 6= 0
for ∀k ∈ {0, 1, . . . , n− 1}. See eTable A2 for the explanation of the parameters.

eTable A2: Definition of the parameters in eFigure A5

Symbol Definition

Sg,kf Susceptible women in risk group g having had k repeated infections

Ig,kfx Infected women in 1st infection stage in risk group g having had k re-
peated infections

Ig,kfy Infected women in 2nd infection stage in risk group g having had k
repeated infections

λgw Force of infection on women in risk group g
r Clearance rate of infection
αw Screening and effective treatment rate of women
1/µ Mean duration of sexual activity

γ Rate of transition from Ig,kf,x to Ig,kf,y
f̃k Fraction of those women moving from Ig,kf,x to Ig,kf,y who develop PID after

k repeated infections (in absence of intervention, αw = 0)

The probability that a woman will experience a certain number of clinical PID episodes is
described below for the situation in the main text where there are three layers (n = 3). Notation:

P
[
k = m1, k = m2

]
is the probability that a woman experiences one PID episode in layer m1

and one in layer m2; and P
[
k = 2(jth)

]
is the probability that a woman experiences one PID

episode when in layer k = 2 for the jth time.

P
[
no PID episode

]
=D0 + C0(D1 + C1(D2 + C2(D2 + C2(D2 + . . .

=D0 + C0D1 + C0C1

[
D2

M∑
i=0

Ci
]
M→∞

= D0 + C0D1 + C0C1

[ D2

1− C2

]
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P
[
1 PID episode

]
=P
[
k = 0

]
+ P

[
k = 1

]
+ P

[
k = 2(1st)

]
+ P

[
k = 2(2nd)

]
+ . . .

=A0 +B0D1 +B0C1

[ D2

1− C2

]
k = 0

+ C0

(
A1 +B1

[ D2

1− C2

])
k = 1

+
1

1− C2

{
C0C1

(
A2 +B2

[ D2

1− C2

])}
k = 2

P
[
1 PID episode in k = 2

]
=C0C1

(
A2 +B2

[ D2

1− C2

])
+ C0C1C2

(
A2 +B2

[ D2

1− C2

])
+ . . .+ C0C1C

j−1
2

(
A2 +B2

[ D2

1− C2

])
+ . . .

=
M∑
j=0

C0C1

(
A2 +B2

[ D2

1− C2

])
Cj

2

M→∞
=

1

1− C2

{
C0C1

(
A2 +B2

[ D2

1− C2

])}

P
[

2 PID episodes
]

=P
[
k = 0, k = 1

]
+ P

[
k = 0, k = 2(1st)

]
+ P

[
k = 0, k = 2(2nd)

]
+ . . .

+ P
[
k = 1, k = 2(1st)

]
+ P

[
k = 1, k = 2(2nd)

]
+ . . .

+ P
[
k = 2(1st), k = 2(2nd)

]
+ . . .

=B0

(
A1 +B1

[ D2

1− C2

])
+

B0C1

1− C2

(
A2 +B2

[ D2

1− C2

])
k = 0+other

+
C0B1

1− C2

(
A2 +B2

[ D2

1− C2

])
k = 1+other

+
C0C1B2

1− C2

(
A2 +B2

[ D2

1− C2

])
2× in k = 2

P
[
k = 0+other

]
=P
[
k = 0, k = 1

]
+ P

[
k = 0, k = 2(1st)

]
+ . . .+ P

[
k = 0, k = 2(jth)

]
+ . . .

=B0

{
A1 +B1

[ D2

1− C2

]}
+ . . .+B0C1C

j−1
2

{
A2 +B2

[ D2

1− C2

]}
+ . . .

=B0

{
A1 +B1

[ D2

1− C2

]}
+

B0C1

1− C2

{
A2 +B2

[ D2

1− C2

]}
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P
[
k = 1+other

]
=P
[
k = 1, k = 2(1st)

]
+ . . .+ P

[
k = 1, k = 2(jth)

]
+ . . .

= . . .+ C0B1C
j−1
2

{
A2 +B2

[ D2

1− C2

]}
+ . . .

=
C0B1

1− C2

{
A2 +B2

[ D2

1− C2

]}

P
[
2× k = 2

]
=

M∑
j=2

C0C1C
j−2
2 B2

{
A2 +B2

[ D2

1− C2

]}
=

M−2∑
j=0

C0C1C
j
2B2

{
A2 +B2

[ D2

1− C2

]}
M→∞

=
C0C1B2

1− C2

{
A2 +B2

[ D2

1− C2

]}

P
[
≥ 3 PID episodes

]
= 1−

(
P
[
no PID

]
+ P

[
1 PID

]
+ P

[
2*PID

])

Note, if we assume that all n layers are the same, i.e. f̃ = f̃k and therefore A = Ak, B =
Bk, C = Ck and D = Dk, the probability that a woman will experience exact s ≥ 1 episodes of
PID can be calculated with

P
[
exact s PID episodes

]
=

[
A+BD

1

1− C

]
M∑

j=s−1

[(
j

s− 1

)
Bs−1Cj−(s−1)

]
, for M →∞
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4 Additional results

4.1 Probabilities of clinical PID episodes during a woman’s sexual
life time in the model

eTable A3: Probabilities of clinical PID episodes during a woman’s sexual life time in the
model, in the absence of screening and using baseline values for all other parameters.

Risk group Probability of experiencing clinical PID episodes (%)
None Any One Two ≤ 3

Low risk 97.96 2.04 2.00 0.04 < 10−4

High risk 80.17 19.83 16.24 2.23 1.36
Overall 97.01 2.99 2.76 0.15 0.07

4.2 Change in chlamydia prevalence
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eFigure A6: Change in chlamdiya prevalence with intervention scenario, overall
and by risk group. The implementation of the intervention scenario reduced chlamydia
prevalence from 3.0% to 1.0% after ten years. The prevalence in the high risk group decreased
from 22.1% to 7.9% and in the low risk group from 1.9% to 0.6%.

13



4.3 Cumulative incidences of prevented PID cases by risk group

� �P
re

ve
nt

ed
 c

lin
ic

al
 P

ID
 c

as
es

pe
r 1

00
,0

00
 w

om
en

Time since start of intervention scenario (years)
0 1 2 3 4 5

0

50

100

150

200

250
Prevented total
Prevented direct (low risk)
Prevented indirect (low risk)
Prevented direct (high risk)
Prevented indirect (high risk)

eFigure A7: Cumulative incidences of prevented PID cases by risk group, using
baseline values. The total number of prevented clinical PID cases per 100,000 women
(solid line) is split by direct effect (dashed line) and indirect effect (dashed-dotted line),
and by low-risk group (blue) and high-risk group (red). In women in the high-risk group,
the time at which direct and indirect effects contribute equally to PID prevention occurs
later than in low risk women (circles). The net increase of PID cases resulting from indirect
screening is larger and lasts longer in women in the high risk group compared to the low
risk group (squares).

4.4 Multivariable uncertainty analysis for the time point of equal
contribution and duration of net increase of PID cases from the
indirect effect

Of the sampled 3,000 parameter sets for the multivariable uncertainty analysis, 273 parameter
combinations could not be used. This was because the transmission probability per partner
must be ≤ 1 (6/273) and at the same time the prevalence drawn from the uniform distribution
(described in Table 1 from the main text) must be achieved. An additional restriction is that
in both risk groups the prevalence has to be more than 0.1% to ensure infection exists in both
risk groups (267/273).

We obtained the median and the interquartile range for the time points ‘equal contribution’
(eFigure A8) and the time point ‘end of net increase of PID cases due to the indirect effect’
(eFigure A9) by varying the scaling factor J for the mean time until point of possible PID
occurrence from 10−5 to 2 (2,727 parameter combinations used).

The range for the mean duration of infection in the 2,727 parameter sets was 117-600 days, i.e.
with the scaling factor J = 0.5 (grey shaded box in eFigures A8 and A9) the mean time until
point of possible PID occurrence ranged from 58.5-300 days. Note that in each parameter set
the mean time until point of possible PID occurrence is always 0.5 times the mean duration of
infection.

If the scaling factor is increased there are fewer parameter sets in which the time points ‘equal
contribution’ and ‘end of net increase of PID cases due to the indirect effect’ are within the
ten years of the intervention scenario (shown in the eFigures with decreasing heights of boxes).
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Therefore, time points of equal contribution, and the end of net increase of PID cases due to
the indirect effect are right censored. However, the median of the two time points correspond
closely with the values from the univariable uncertainty analysis.
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eFigure A8: Equal contribution of direct and indirect effect (multivariable un-
certainty analysis). In this analysis the 2,727 parameter sets are used and the scaling
factor J (the mean time until point of possible PID occurrence) is varied. For each value of
J, the time points at which there is a equal contribution of the direct and indirect effects are
summarized over all parameter sets. The vertical line indicates the median and the width
corresponds to the interquartile range. The whiskers extend to the most extreme data point,
which is no more than 1.5 times the interquartile range from the box. Outliers are indi-
cated with squares. The grey shaded box corresponds to the baseline value for scaling factor
J = 0.5. Boxes are drawn with heights proportional to the square-roots of the number of
observations in the groups.
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eFigure A9: Duration of net increase of PID cases due to the indirect effect of
screening (multivariable uncertainty analysis).In this analysis the 2,727 parameter
sets are used and the scaling factor J (the mean time until point of possible PID occurrence)
is varied. For each value of J, the duration of net increase of PID cases due to the indirect
effect of screening are summarized over all parameter sets. The vertical line indicates the
median and the width corresponds to the interquartile range. The whiskers extend to the
most extreme data point, which is no more than 1.5 times the interquartile range from the
box. Outliers are indicated with squares. The grey shaded box corresponds to the baseline
value for the scaling factor J = 0.5. Boxes are drawn with heights proportional to the
square-roots of the number of observations in the groups.
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