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ABSTRACT
Introduction By 2022, high levels of past COVID- 19 
infections, combined with substantial levels of vaccination 
and the development of Omicron, have shifted country 
strategies towards burden reduction policies. SARS- 
CoV- 2 rapid antigen tests (rapid diagnostic tests (RDTs)) 
could contribute to these policies by helping rapidly 
detect, isolate and/or treat infections in different settings. 
However, the evidence to inform RDT policy choices in low 
and middle- income countries (LMICs) is limited.
Method We provide an overview of the potential impact 
of several RDT use cases (surveillance; testing, tracing 
and isolation without and with surveillance; hospital- based 
screening to reduce nosocomial COVID- 19; and testing to 
enable earlier/expanded treatment) for a range of country 
settings. We use conceptual models and literature review 
to identify which use cases are likely to bring benefits 
and how these may change with outbreak characteristics. 
Impacts are measured through multiple outcomes related 
to gaining time, reducing the burden on the health system 
and reducing deaths.
Results In an optimal scenario in terms of resources and 
capacity and with baseline parameters, we find marginal 
time gains of 4 days or more through surveillance and 
testing tracing and isolation with surveillance, a reduction 
in peak intensive care unit (ICU) or ICU admissions by 5% 
or more (hospital- based screening; testing, tracing and 
isolation) and reductions in COVID- 19 deaths by over 6% 
(hospital- based screening; test and treat). Time gains 
may be used to strengthen ICU capacity and/or boost 
vulnerable individuals, though only a small minority of at- 
risk individuals could be reached in the time available. The 
impact of RDTs declines with lower country resources and 
capacity, more transmissible or immune- escaping variants 
and reduced test sensitivity.
Conclusion RDTs alone are unlikely to dramatically 
reduce the burden of COVID- 19 in LMICs, though they may 
have an important role alongside other interventions such 
as vaccination, therapeutic drugs, improved healthcare 
capacity and non- pharmaceutical measures.

INTRODUCTION
As of mid- 2022, the COVID- 19 pandemic had 
caused over half a billion reported cases and 6 
million reported deaths worldwide,1 with the 
actual death toll expected to be three times 

greater.2 The high level of past infections, 
particularly associated with the development 
of the Omicron variant, combined with mass 
vaccination (60% of the world population 
vaccinated by mid- 20221) and the develop-
ment of new therapeutics,3 has led to a shift 
in policies from efforts to reduce COVID- 19 
transmission towards efforts to reduce 
its burden. Since COVID- 19 has become 
endemic and new variants that escape natural 
immunity are likely to continue to emerge, 
any burden reduction policies may need to 
be sustainable indefinitely.

SARS- CoV- 2 rapid antigen tests, also known 
as rapid diagnostic tests (RDTs), provide 
results within 20–30 min, do not require 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Important shifts in the way COVID- 19 is addressed, 
from efforts to reduce COVID- 19 transmission to-
wards burden reduction, have led to question the 
role of testing, in particular SARS- CoV- 2 rapid an-
tigen tests (rapid diagnostic tests (RDTs)), both in 
countries that used them extensively and in those in 
which RDTs were never scaled up, but the evidence 
to inform RDT policy choices in low and middle- 
income countries (LMICs) is particularly limited.

WHAT THIS STUDY ADDS
 ⇒ This study provides an overview of multiple RDT 
use cases and their potential impacts to gain time, 
reduce health system burdens and reduce deaths.

 ⇒ It shows the contrast between high- resource and 
low- resource and capacity settings, and how some 
use cases (surveillance, hospital- based screening 
and testing associated with early/expanded treat-
ment) may retain higher benefits, at least with re-
gard to early warning and hospital burden, than the 
use of RDTs for testing, tracing and isolation.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The study highlights that RDTs alone are unlikely 
to dramatically reduce the burden of COVID- 19 in 
LMICs, and that their role may be best understood 
as complementary to other interventions.
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laboratory equipment and are relatively inexpensive.4 
Up to 2022, their use, primarily for self- testing, has often 
been promoted in high- income countries to people at 
risk of SARS- CoV- 2 infection to identify candidates for 
isolation and hence reduce transmission. They have 
been less widely used in most low and middle- income 
countries (LMICs) though there has been support for 
scaled- up, equitable RDT access.5 6 With global focus 
increasingly shifting to burden reduction, countries are 
rethinking RDT policies. For example, the UK has gone 
from heavy reliance on RDTs to stopping free RDT provi-
sion.7 The evidence to inform LMIC policy choices in 
this changing context remains limited. Models highlight 
that higher transmission levels reduce RDT effective-
ness while combining RDT use cases with interventions 
that reduce transmission increases effectiveness.8 Some 
models further8–10 suggest that large- scale community 
screening or saturating testing demand through RDTs 
may be cost- effective provided isolation and sensitivity 
levels are sufficient. This may, however, be impossible to 
achieve in many low- resource settings.

The purpose of this paper is to provide an overview 
of the potential impact of various RDT use cases for a 
range of country settings, integrating data from litera-
ture reviews in broad conceptual models with supporting 
analytical components, to identify which use cases are 
likely to bring benefits and how these may change with 
outbreak characteristics. This should help countries 
focus on the strategies that may require further context- 
specific modelling of impact and value for money before 
deployment. We focus on a number of use cases identi-
fied in WHO11 and the Africa Centres for Disease Control 
and Prevention’s12 guidance documents.

METHODS
Overview
The use cases explored in this paper are shown in 
figure 1, alongside their impacts during a COVID- 19 

outbreak: (1) RDT- supported surveillance; (2a) testing, 
tracing and isolation (TTI); (2b) TTI combined with 
surveillance; (3) hospital- based testing to control noso-
comial COVID- 19; and (4) RDTs to prompt improved/
earlier treatment of those that may benefit from it. These 
are measured through six different outcomes related to 
gaining time, reducing the burden on the health system 
and reducing deaths.

Model assumptions
Outcome metrics
We use the following outcomes to evaluate the success of 
different use cases:

A1. Time available for vaccination boosting (relevant 
to use cases 1, 2a and 2b). This is defined as the time 
between outbreak detection (see use case 1 below) and 
1 week (since it takes around a week13 14 for boosting 
protection to kick in) before the share of persons suscep-
tible to COVID- 19 is halved as compared with the begin-
ning of the outbreak. The outbreak starts when infections 
are first introduced in an otherwise uninfected commu-
nity—at that point a proportion s0 of the population is 
susceptible to the disease.

We further translate time gained for boosting into 
the share of 60+ and 80+ years old (common priority 
groups for vaccination) who could be boosted in that 
time1 assuming two vaccination speeds: the initial speed 
at which the population was vaccinated, and the speed 
attained once 1% of the population had been reached.

A2. Time available for intensive care unit (ICU) 
capacity increases (relevant to use cases 1, 2a and 2b). It 
is defined as the time between outbreak detection and 
the moment half of the ICU bed- days that would be used 
in an unmitigated outbreak have already been used.

B1. Percentage reduction in the height of the peak 
in ICU demand (relevant to use cases 2a and 2b). This 
indicator is further translated into a reduction in what 
we term ‘unmet needs’ (based on a given ICU capacity), 

Figure 1 Potential roles of rapid diagnostic tests (RDTs) within burden reduction strategies.
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or the total of ICU bed- days demand exceeding a certain 
threshold termed ‘ICU capacity’.

B2. Percentage reduction in ICU admissions (relevant 
to use case 3).

B3. Percentage reduction in hospital admissions (rele-
vant to use case 4).

C. Percentage reduction in country- wide COVID- 
related deaths (relevant to use cases 3 and 4).

Outbreak and test characteristics
In our base scenarios, the COVID- 19 outbreak has R0=10 
(approximate value for the Omicron variant15), an initial 
share of immune individuals, from vaccination or past 
infection, s0=50%, and average latent and infective periods 
of 4 and 6 days, respectively.16 Here, s0 could consist of a 
mixture of full immunity for those infected with the same 
variant and partial immunity for those vaccinated against 
or infected with a mismatched variant. We further assume 
RDT sensitivity is 80% (minimum acceptable in WHO 
guidelines11). RDT results are assumed to be immediate. 
For use cases for which we rely on data or models devel-
oped by other researchers, we choose the figures closest 
to our base assumptions. We address alternative outbreak 
and test parameters in the sensitivity analysis.

Scenario design
The impact of each RDT use case is assessed for multiple 
scenarios, summarised in table 3 into six country ‘arche-
types’ representing country situations at different 
resource and capacity levels. These are associated with 
corresponding levels of RDT scale- up and values for 
other intervention and contextual parameters such as 
isolation, tracing, treatment availability and case/death 
identification. We assume in the lowest resource scenario 
that 5% of symptomatic cases with RDTs are reached 
(more than a 10- fold increase over 2021 case ascertain-
ment levels in low- income countries as per ref 2), that 
in the following scenario (patterned on lower middle- 
income countries) 10% are reached, then 20%–40% 
(for scenarios patterned on upper middle- income coun-
tries), then 60%–80% (for scenarios patterned on high- 
resource settings). Each of these scenarios is additionally 
associated with a set of use case- specific assumptions that 
are detailed in online supplemental appendix A.

RDT use cases
Use case 1: surveillance
In this use case, we assume that testing of individuals with 
COVID- 19- like symptoms enabled by RDT use will allow 
for early detection of a COVID- 19 outbreak (through an 
increase in confirmed cases), so that vaccination and/or 
ICU capacity increases can be initiated earlier (outcomes 
A1 and A2). Outcomes with early detection are compared 
with outcomes with no or poor surveillance, assuming 
that without surveillance outbreaks are only detected 
when COVID- 19- related hospital admissions increase.

We use as an example the South Africa surveillance 
system; this may be an attainable model for some LMICs. 

We use 4 and 2 weeks as the time between early (respec-
tively late) detection and the peak of the outbreak. These 
represent a rounding of the South Africa 2021 Omicron 
outbreak timeline: 26 days elapsed between the trough 
in reported cases17 and the estimated peak in infections2 
and 15 days between reports of increasing hospital admis-
sions18 and peak infections. We then derive time available 
for boosting and for ICU capacity building using a simu-
lation model, which we also apply in use cases 2a and 2b. 
This model starts at t=0 when a new COVID- 19 variant 
is introduced in an otherwise uninfected population, 
with one infected individual per million inhabitants. The 
model has a well- mixed population representing suscep-
tible, exposed, infected and hospitalised (general ward 
and ICU) cases. The initial share of susceptible individuals 
is s0=50%. Details of the model structure and approach 
are presented in online supplemental appendix A. We 
then use data on past vaccination17 to estimate the share 
of 60+ and 80+ years old that can be boosted in the time 
available.

Use cases 2a and 2b: TTI
There are two use cases involving TTI: 2a and 2b. In both 
use cases, we assume that testing of symptomatic cases and 
their contacts allows isolation of positives and (at least in 
some scenarios) tracing of their contacts, reducing trans-
mission. In turn, transmission reduction increases time 
available for both boosting and the healthcare response 
and also reduces peak ICU demand (outcomes A1, A2 
and B).

In use case 2a, we compare TTI with late outbreak 
detection (no surveillance) to late outbreak detec-
tion alone. In use case 2b, we compare TTI with early 
outbreak detection (surveillance, as per use case 1) to 
early outbreak detection alone.

In both use cases 2a and 2b, we assume that α=35% 
of cases are asymptomatic,19 with an infectious period 
Tasym=7 days and relative infectivity (the reduction of the 
effective contact rate for asymptomatic cases as compared 
with symptomatic ones) f=0.5, while preclinical and clin-
ical infectiousness for symptomatic cases last Tpre=2.4 and 
Tclin=3.2 days, respectively.16 Delay between first symptoms 
and testing is set at Ttest=0.5 days, reflecting time to decide 
to test and/or procure a kit. Transmission reduction 
following isolation is φ=70%, the share of transmission 
outside the home20 (isolation from household members 
is difficult, particularly in poor settings). The computa-
tion of the reduction in transmission following TTI is 
detailed in online supplemental appendix B.

Finally, we use the model described in use case 1 and 
online supplemental appendix A to translate trans-
mission reduction into time gained for boosting, time 
gained to strengthen ICU capacities, a percentage reduc-
tion in peak ICU demand and a reduction in ICU ‘unmet 
needs’ (given capacity) for different levels of TTI without 
(use case 2a) and with (use case 2b) surveillance. As in 
use case 1, we further use data on past vaccination17 to 
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estimate the share of 60+ and 80+ years old that can be 
boosted in the time available.

Use case 3: testing in health facilities
In this use case, we assume that screening of staff and/or 
hospitalised individuals with RDTs, in combination with 
routine PCR use, can reduce nosocomial COVID- 19 prev-
alence as compared with routine PCR use alone. Nosoco-
mial COVID- 19 itself creates heightened risks for vulner-
able hospitalised individuals and puts a strain on hospital 
capacity through patient and staff illness. Reducing noso-
comial COVID- 19 reduces deaths in vulnerable individ-
uals (outcome C) and the burden on the health system 
through a reduction in the number of people admitted 
to ICU (outcome B2).

For this use case, we assume that nosocomial COVID- 19 
prevalence is 20% before intervention (exploring a 
range of 8%–46%), that the relative risk of ICU admis-
sion for nosocomial cases versus hospitalised community- 
acquired COVID- 19 is 0.74 (0.50–1.08) while the relative 
risk of death is 1.3 (1.005–1.683) and that the marginal 
reduction in incident cases through RDT screening plus 
PCR as compared with PCR alone is 35.3%–49.2%. Noso-
comial COVID- 19 prevalence is based on a review under-
taken early in the pandemic (considering only studies 
with a sample >100)21 and recent information about 
prevalence with the Omicron variant.22–24 Risks of ICU 
admission and death reflect a 2021 systematic review,25 in 
which results were supported by later studies.26–29 Finally, 
the impact of healthcare facility screening is based on 
simulations in ref 30 for the high community incidence 
scenario. These results use lower RDT sensitivity than in 
our base assumption, and require two rounds of patient 
and worker testing in 2 weeks in reaction to an outbreak 
and the capacity to isolate infected cases.

Use case 4: testing and treatment
In this use case, we assume that increased RDT access 
leads to changes in care opportunities for high- risk indi-
viduals with mild or moderate disease that would other-
wise only be treated if and when they develop more severe 
symptoms, allowing them to access early treatment (eg, 
with antivirals, monoclonal antibodies or facility admis-
sion). In turn, early treatment of high- risk cases leads to a 
reduction in the risk of hospital admission (outcome B3) 
and death (outcome C).

We assume that, as they are scaled up, RDTs progres-
sively benefit first the most advantaged individuals (who 
would have access to rapid PCR testing and optimal care 
even in the absence of RDTs), and only after that people 
who would access care only if they developed severe symp-
toms. The last to be reached would be those without any 
access to care, even in the case of severe/critical disease.

Finally, we assume that, without improved care, the 
risk of hospitalisation for high- risk patients is between 
1.5% and 6% while with it, it is 0.9%. We also assume that 
mortality risk is reduced by 33%–100% and that 25% of 
hospitalised patients and 50% of hospital deaths are high 

risk.3 31–33 The details of the formula and sources used 
for this use case and its justification are found in online 
supplemental appendix C.

Sensitivity analysis
In the sensitivity analysis, we consider different outbreak 
characteristics, exploring scenarios with a different effec-
tive contact rate, initial share of susceptible individuals 
and infectious and latent periods. We also discuss the 
impact of halving test sensitivity, in line with the impact of 
the Omicron variant on the sensitivity of several RDTs.34

To assess the consequences of changes in variant char-
acteristics on use case 1, we assume for simplicity that the 
outbreak is detected when infections exceed a fixed level 
id (for early detection enabled by surveillance), or when 
hospital admissions exceed a certain level hd (for late 
detection in the absence of surveillance). id and hd are set 
so that, for baseline outbreak characteristics, the delay 
between outbreak detection and peak infection rates be 
2 and 4 weeks when infections versus admissions are used 
respectively, in accordance with the assumptions for that 
use case. This corresponds to id=0.087% and hd=0.042%. 
Meanwhile, if test sensitivity is halved, the infection 
level that can be detected with surveillance (assuming 
unchanged test specificity) doubles. The impact of 
changes in outbreak characteristics and RDT sensitivity is 
then simulated using the model in online supplemental 
appendix A while some mathematical formulae are 
provided in online supplemental appendix D.

For use cases 2a and 2b, we combine two effects: (1) the 
impact of a change in variant characteristics or test sensi-
tivity on the time gained for boosting, time gained for ICU 
capacity building and reduction in peak ICU demand for 
a given level of advance notice; and (2) the impact of a 
change in the level of advance notice brought about by a 
change in outbreak characteristics or test sensitivity, and 
described in relation with use case 1. These are estimated 
again using both the simulation model (online supple-
mental appendix A) and, for some of these values, the 
mathematical formulae (online supplemental appendix 
D).

For use case 3, since we rely on the results of ref 30, we 
discuss the implications of the sensitivity analysis devel-
oped in that paper. We finally discuss the implications of 
variant and test sensitivity changes on use case 4 (these 
are more straightforward than for other use cases).

RESULTS
Use case 1: surveillance and time available for boosting or 
ICU capacity building
Using the model in online supplemental appendix A, we 
estimate that 50% of the people susceptible at the start of 
the epidemic have already been infected 3.7 days before 
infections peak. In the no surveillance (respectively 
surveillance) scenario, the outbreak is detected around 
2 (respectively 4) weeks before infections peak (see the 
Methods section). Since time available for boosting is 
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defined as the time between outbreak detection, on 
the one hand, and 1 week before the share of persons 
susceptible to COVID- 19 in the outbreak is s0/2, on the 
other hand, in the no surveillance scenario, time avail-
able for boosting is 3.3 days (14- 3.7- 7), and with surveil-
lance it is 17.3 days. We translate this time into a share 
of 60+ and 80+ years old that can be boosted in different 
scenarios (see online supplemental appendix B). Should 
60+ (respectively 80+ years old) be targeted at the initial 
vaccination speed, the median share that can be boosted 
in LMICs with surveillance is 3.6% (respectively 35.5%) 
vs 0.4% (respectively 4.6%) without. Should countries be 
able to boost at the speed they had reached after vacci-
nating 1% of their population, these figures would be 
12.5% (respectively over 100%) with surveillance versus 
2.4% (respectively 26.3%) without.

We then focus on time available for ICU capacity 
increase. There are 19.2 days between peak infection and 
the moment half of all ICU bed- days required during 
the outbreak have already been used. Hence, time avail-
able for ICU capacity strengthening without surveillance 
would be 33.2 days, with surveillance it is 47.2 days.

Use case 2: TTI (with or without surveillance)
Transmission reduction associated with different TTI 
scenarios was computed using the formulae in the 
Methods section and online supplemental appendix 
B. Values range from less than 1% reduction in low 
scenarios with 5%–10% tested through RDTs and 25% 
isolating to 24% for 80% testing, 75% isolating and 75% 
traced. Online supplemental appendix B provides trans-
mission reduction for a large range of scenarios.

Outcome A: time gained
Table 1 provides the marginal increase in time available 
for boosting resulting from the use of TTI versus no TTI. 
This increase depends on whether surveillance is present 

(use case 2b) versus not (use case 2a). The marginal 
increase in time available for ICU capacity strengthening 
is very similar (online supplemental appendix B).

Adding this time to time available for action through 
surveillance alone (use case 1), we compute the share of 
60+ and 80+ years old that can be boosted in different 
scenarios (see online supplemental appendix B). Should 
60+ (respectively 80+ years old) be targeted at the initial 
vaccination speed, the median share that can be boosted 
in LMICs in the best scenario (optimal TTI+surveillance) 
is 5% (respectively 50%). Should countries be able to 
boost at the speed they had reached after vaccinating 1% 
of their population, these figures would be 15% (respec-
tively over 100%).

Outcome B: reduction in peak ICU needs
Table 2 translates transmission reduction into a 
percentage reduction in peak ICU needs. Note that 
transmission reduction does not so much reduce the 
total number of ICU cases as it changes the shape of the 
outbreak, hence reducing peak needs, which reduces the 
risk of the health system being overwhelmed.

Short- term transmission reduction decreases peak 
needs. We measure that impact through an assessment 
of changes in ‘unmet needs’ (demand for ICU beds 
exceeding official capacity). In ‘optimal’ (80% of symp-
tomatic cases tested, 75% traced and 75% isolating) 
and ‘high’ (60% tested, 50% traced and 50% isolating) 
scenarios, the reductions in ‘unmet needs’ that can 
be achieved are at most 5% and 1.3% of total (met 
and unmet) needs, respectively. Online supplemental 
appendix B describes how ‘unmet needs’ evolve with ICU 
capacity.

Note that combined transmission reduction interven-
tions are more effective than the sum of isolated inter-
ventions: intervening 1 day earlier with a 40% reduction 

Table 1 Time gained for boosting (in days) through TTI with different levels of advance warning

 

Use case 2b (TTI with surveillance) Use case 2a (TTI without surveillance)

Testing level (share of symptomatic cases/identified contacts)

80% 60% 40% 20% 10% 5% 80% 60% 40% 20% 10% 5%

Share of 
contacts 
traced

75%

Isolation/
quarantine 

rates

75% 4.17 2.70 1.56 0.68 0.31 0.15 1.37 0.89 0.52 0.23 0.10 0.05

50% 2.60 1.73 1.02 0.45 0.21 0.10 0.86 0.58 0.34 0.15 0.07 0.03

25% 1.21 0.83 0.50 0.22 0.10 0.05 0.40 0.28 0.17 0.07 0.03 0.02

50%

75% 3.73 2.47 1.46 0.65 0.31 0.15 1.23 0.82 0.49 0.22 0.10 0.05

50% 2.34 1.59 0.96 0.43 0.20 0.10 0.77 0.53 0.32 0.14 0.07 0.03

25% 1.10 0.77 0.47 0.21 0.10 0.05 0.37 0.26 0.16 0.07 0.03 0.02

25%

75% 3.25 2.22 1.36 0.63 0.30 0.15 1.07 0.74 0.45 0.21 0.10 0.05

50% 2.05 1.43 0.89 0.42 0.20 0.10 0.68 0.48 0.30 0.14 0.07 0.03

25% 0.97 0.69 0.44 0.21 0.10 0.05 0.32 0.23 0.15 0.07 0.03 0.02

0%

75% 2.71 1.95 1.25 0.60 0.30 0.15 0.89 0.65 0.42 0.20 0.10 0.05

50% 1.71 1.25 0.81 0.40 0.20 0.10 0.57 0.42 0.27 0.13 0.07 0.03

25% 0.81 0.60 0.40 0.20 0.10 0.05 0.27 0.20 0.13 0.07 0.03 0.02

Source: authors’ simulations using the model in online supplemental appendix A.
TTI, testing, tracing and isolation.
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in transmission achieves a gain of 0.69 days for boosting 
or capacity strengthening, or around three times the 
benefits of 20% transmission reduction (gain of 0.24 
days). Similar results are found for the reduction in peak 
ICU needs.

Use case 3: reduction in nosocomial transmission
Using the assumptions described in the Methods section, 
the use of RDTs in hospital settings may reduce ICU 
demand by 5.9% of total demand (median parameters 
in baseline scenario), with ranges from 1.5% to 20.6% 
depending on parameter estimates. The use of RDTs may 
further reduce in- hospital COVID- 19 deaths by around 
9% (extreme values: 3%–25%). Using death ascertain-
ment scenarios of 5%, 15%, 50% and 75% of total deaths 
(close to median death ascertainment in low- income, 
lower middle- income, upper middle- income and high- 
income countries, respectively2) and assuming this repre-
sents a good estimate of the share of deaths happening 
in hospitals, RDTs to reduce nosocomial COVID- 19 
may decrease total deaths by 0.5% (0%–1%) to 6.9% 
(2%–19%) (table 3).

Use case 4: testing and treatment
We assessed six scenarios detailed in Appendix A corre-
sponding to RDT access of 5%–80%. The reduction in 
hospitalisation ranges from 1% to 12% if improved treat-
ment is offered to and accepted by those that test positive 
with RDTs. Meanwhile, the reduction in deaths increases 
with RDT access and ranges from 0%–1% to 7%–21% 
(table 3).

Summary table
Table 3 summarises the results of analyses for baseline 
outbreak characteristics and test sensitivity for six country 
‘archetypes’ going from low- resource/low- capacity 
contexts (archetype A) to high- resource/high- capacity 

contexts (archetypes E and F; F being an ‘ideal’ scenario 
in which all parameters are optimised). Appendix F 
summarises the parameters used in each scenario.

Sensitivity analysis
Table 4 provides the results of the sensitivity analysis using 
the simulation model in online supplemental appendix A 
and the formulae in the methodology. Further details are 
provided below and in online supplemental appendix D. 
β represents the effective contact rate, s0 is the share of 
the population that is susceptible to the outbreak when it 
starts (s0=50% in the baseline scenario, 100% represents 
a highly immune- escaping variant while 34% represents a 
higher baseline immunity), and r is the net reproductive 
number at the start of the wave, that is, the product of 
R0, the basic reproductive number for a fully susceptible 
population, and of s0, the share of susceptible popula-
tion. For time gain, the numbers in bracket represent the 
time available for ICU capacity strengthening.

Time available for boosting or increasing ICU capacity 
in the surveillance and no surveillance scenarios reduces 
for higher effective contact rates β, higher initial shares 
of susceptible individuals s0 or lower latent periods. 
Meanwhile, a halving in RDT sensitivity delays outbreak 
detection with surveillance by 2.8 days.

In use cases 2a and 2b, lower test sensitivity reduces 
the impact of TTI on transmission reduction for a given 
level of advance warning, while a higher r reduces the 
impacts of a given level of transmission reduction on time 
available and hospital burden. This compounds changes 
in the level of advance warning brought by changes in 
variant characteristics or test sensitivity. Lower warning 
reduces the impact of TTI on all outcomes, though for 
the percentage reduction in peak ICU demand, this 
effect is minimal.

Table 2 Percentage reduction in peak ICU needs in different TTI scenarios

 

Use case 2b (TTI with surveillance) Use case 2a (TTI without surveillance)

Testing level (share of symptomatic cases/identified contacts)

80% 60% 40% 20% 10% 5% 80% 60% 40% 20% 10% 5%

Share of 
contacts 
traced

75%

Isolation/
quarantine 

rates

75% 6.0% 3.8% 2.2% 0.9% 0.4% 0.2% 5.2% 3.3% 1.9% 0.8% 0.4% 0.2%

50% 3.7% 2.4% 1.4% 0.6% 0.3% 0.1% 3.2% 2.1% 1.2% 0.5% 0.3% 0.1%

25% 1.7% 1.2% 0.7% 0.3% 0.1% 0.1% 1.5% 1.0% 0.6% 0.3% 0.1% 0.1%

50%

75% 5.4% 3.5% 2.1% 0.9% 0.4% 0.2% 4.6% 3.0% 1.8% 0.8% 0.4% 0.2%

50% 3.3% 2.2% 1.3% 0.6% 0.3% 0.1% 2.9% 1.9% 1.2% 0.5% 0.2% 0.1%

25% 1.5% 1.1% 0.7% 0.3% 0.1% 0.1% 1.3% 0.9% 0.6% 0.3% 0.1% 0.1%

25%

75% 4.7% 3.2% 1.9% 0.9% 0.4% 0.2% 4.0% 2.7% 1.7% 0.8% 0.4% 0.2%

50% 2.9% 2.0% 1.2% 0.6% 0.3% 0.1% 2.5% 1.7% 1.1% 0.5% 0.2% 0.1%

25% 1.4% 1.0% 0.6% 0.3% 0.1% 0.1% 1.2% 0.8% 0.5% 0.2% 0.1% 0.1%

0%

75% 3.9% 2.8% 1.8% 0.8% 0.4% 0.2% 3.3% 2.4% 1.5% 0.7% 0.4% 0.2%

50% 2.4% 1.8% 1.1% 0.6% 0.3% 0.1% 2.1% 1.5% 1.0% 0.5% 0.2% 0.1%

25% 1.1% 0.8% 0.6% 0.3% 0.1% 0.1% 1.0% 0.7% 0.5% 0.2% 0.1% 0.1%

Source: authors’ simulations using the model in online supplemental appendix A.
ICU, intensive care unit; TTI, testing, tracing and isolation.
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In use case 3, ref 30 shows that RDT screening in 
healthcare settings is less effective (lower percentage 
reduction in nosocomial COVID- 19 prevalence) when 
community prevalence increases and/or when test 
sensitivity decreases. Further, transmission reduction in 
general is more challenging to achieve with more trans-
missible variants (see use case 2). However, as the advent 
of Omicron has been associated with increases in nosoco-
mial COVID- 19 prevalence,22 a more minor percentage 
reductions in nosocomial COVID- 19 prevalence may still 
represent a sizeable share of all hospitalised COVID- 19 
cases.

Finally, the estimates for use case 4 do not directly 
relate to variant characteristics. However, the benefits of 
test and treat (even neglecting the harm of false nega-
tives) decrease as test sensitivity decreases. Further, as the 
outbreak is changing, resistance to existing therapeutics 
may develop,35 reducing treatment effectiveness.

DISCUSSION
In optimal scenarios and for median parameters 
(Omicron- like outbreak and median estimates for 
contextual and impact parameters), all use cases except 
TTI without surveillance could allow (depending on 
the corresponding outcomes) time gains of at least 6 
days and/or reduction in ICU or hospital admissions, 
peak ICU needs or deaths over 6%, while TTI without 
surveillance does not provide much time gain but can 
still reduce peak ICU needs by 8%. Time gains may allow 
for better response in terms of ICU capacity building or 

boosting. Yet, even in the best- case scenario, the boosting 
response in a median LMIC at the speed at which vacci-
nation was first rolled out would not exceed 6% of 60+ 
years old reached. Our results suggest that RDTs alone 
will not dramatically reduce the burden of COVID- 19 in 
LMICs, but that they may have an important role along-
side other interventions that countries are considering 
such as vaccination, therapeutic drugs, improved health-
care capacity and non- pharmaceutical measures such as 
improved ventilation and mask wearing.

The ability to achieve results declines when test sensi-
tivity or testing levels are lower as well as when an outbreak 
is more transmissible or immune escaping. Some use 
cases are less sensitive to test availability than others, in 
particular interventions that do not require high testing 
levels (RDT screening in healthcare settings and surveil-
lance). Further, given the assumptions associated with 
use case 4 (reaching easier to reach patients first and 
providing them with high levels of linkage to care), test 
and treat retains a relatively high potential impact on 
hospital admissions even with low levels of testing. Our 
results are coherent overall with the evolution of current 
guidance, which places decreasing emphasis on the use 
of RDTs for transmission reduction. They, however, allow 
for the comparison of a broad range of use cases, country 
profiles, variants and test sensitivity scenarios.

While this paper provides information on the impact 
of different RDT use cases, policy decision- making would 
also require an understanding of the cost- effectiveness 
of different options, particularly in settings with limited 

Table 4 Sensitivity analysis results

Modified parameter
Base 
case

β multiplied 
by 0.68 β doubled s0=34% s0=100%

Infectious 
period doubled

Latent period 
halved

RDT sensitivity 
halved

r value r=5 r=3.4 r=10 r=3.4 r=10 r=10 r=5 r=5

Use case 1: surveillance

  Time available for boosting (respectively ICU 
capacity building) with surveillance

17 (47) 28 (57) 8 (37) 25 (55) 9 (39) 14 (46) 11 (41) 14 (44)

  Time available for boosting (respectively ICU 
capacity building) without surveillance

3 (33) 9 (39) 0 (28) 7 (36) 0 (30) 1 (32) 0 (30) 3 (33)

  Time gained for boosting or ICU capacity 
building through the use of surveillance

14 19 9 19 9 14 11 11

Use case 2a: TTI* (without surveillance)

  Time to boost (respectively build ICU capacity) 1 (2) 5 (5) 1 (1) 3 (3) 1 (1) 1 (1) 2 (2) 1 (1)

  Percentage reduction in peak ICU demand 5% 17% 2% 16% 2% 3% 7% 2%

Use case 2b: TTI* (with surveillance)

  Time to boost (respectively build ICU capacity) 4 (4) 12 (13) 3 (3) 11 (10) 3 (3) 4 (5) 5 (6) 2 (2)

  Percentage reduction in peak ICU demand 6% 20% 2% 20% 2% 4% 8% 3%

Use case 3: health facilities

  Percentage reduction in ICU admissions Higher r lowers the percentage reduction in nosocomial COVID- 19 achievable through 
screening but increases nosocomial COVID- 19 as a share of hospitalised COVID- 19 cases.

Lower benefits

Use case 4: test and treat

  Percentage reduction in hospital admissions Benefits unchanged if the percentage of cases reached and linked to care does not change. Benefits halved

  Percentage reduction in total deaths

Source: authors’ simulations using the model in online supplemental appendix A.
*The values used for these simulations correspond to an optimal testing, tracing and isolation scenario (country type F or 80% tested, 75% isolating and 75% traced).
ICU, intensive care unit; RDT, rapid diagnostic test; TTI, testing, tracing and isolation .
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financial resources. Costs are driven by the number of 
tests undertaken and the nature of follow- up actions, for 
example, antiviral treatment, as well as cost savings from 
reduced healthcare use and improved productivity. They 
may also depend on the characteristics of the outbreak: 
for example, a more immune- escaping variant leads to 
higher numbers of infections over the course of the 
outbreak, hence achieving a given scenario (eg, 20% of 
symptomatic cases tested) may become substantially cost-
lier. Decision- making should also rely on comparisons 
with interventions beyond RDT use cases, which were not 
the focus of this paper, and should ideally also account 
for voluntary behaviour change as numbers of cases go 
up, even in the absence of government- led interventions. 
In addition, the range of outcomes we considered, while 
large, is not exhaustive. Outcomes not quantified here 
include, for example, using knowledge of an incoming 
wave to request international assistance, sensitise the 
population or strengthen the health system. Finally, 
should a highly transmissible, immune- escaping and 
lethal variant emerge there would be a need to expand 
the range of interventions considered in this paper 
beyond strategies to mitigate burden without preventing 
widespread transmission, potentially reverting back to 
virus suppression strategies.

There are a number of limitations in this paper: some 
key assumptions, for example, that hospitals are able 
to isolate patients with COVID- 19, may not hold in the 
least resourced settings. Reaching maximum bene-
fits with test and treat requires optimal linkage to care, 
which is unlikely in many countries, even in some high- 
income settings. The negative impacts of false positives 
or negatives as opposed to no test at all (eg, unnecessary 
or delayed treatment) have not been accounted for, but 
neither have the benefit of being able to rapidly rule out 
other causes of acute respiratory symptoms/fever that 
require different treatments (such as bacterial infections 
and malaria). Further, the variety in outcomes, a neces-
sary consequence of assessing a broad range of interven-
tions, reduces the ability to make comparisons across use 
cases. Outcomes expressed as a reduction in hospital 
burden further have to be interpreted with caution, as 
the meaning of a 5% reduction in hospital burden is 
not the same in a country in which most severe and crit-
ical cases access hospitals versus a country in which only 
a minority do. This paper also relies on several simpli-
fications, including uniform test sensitivity, fixed latent, 
preclinical and clinical periods in transmission reduction 
formulae and a simplified simulation model. Scenarios 
were further developed to reflect a ‘typical’ country at 
a given income level, hence do not reflect any specific 
country characteristics. Modelling to inform detailed 
policy making at a country level will require more 
complex models, country- specific data and involvement 
of local analysts and policy makers. Finally, the choice of 
outcomes leaves out indirect benefits (eg, how reduced 
hospital burden may translate into fewer deaths) and a 
number of additional benefits that are harder to quantify, 

such as how outbreaks and reducing the number of those 
affected could also delay the emergence of new variants36 
and, by reducing baseline prevalence, enhance the ability 
of surveillance systems to identify outbreaks.

CONCLUSION
The impacts of RDT use cases (surveillance, TTI, RDT 
screening in health facilities, and test and treat) differ 
across countries and outbreak types. Large- scale TTI 
with good surveillance can reduce peak ICU demand 
and delay the peak of the outbreak by a week, which 
compounds the benefits of surveillance. The impact of 
TTI, however, drops rapidly as the scale of testing and 
country income level reduce. Other use cases are some-
what less dependent on large- scale RDT availability. The 
emergence of new, more transmissible variants, escaping 
immunity, resistant to existing therapeutics and/or 
reducing the sensitivity of existing tests, could however 
decrease the impact of any intervention. Policy decision- 
making should integrate an assessment of costs and 
compare both RDT use cases and other potentially rele-
vant interventions accounting for uncertainty on variant 
characteristics.
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SUPPLEMENTARY MATERIAL: IS THERE A ROLE 

FOR RDTS AS WE LIVE WITH COVID? AN 

ASSESSMENT OF DIFFERENT STRATEGIES 

APPENDIX A – METHODOLOGICAL SUPPLEMENTS 

Description of the simulation model and parameters 
The model used throughout this paper describes a well-mixed population, with compartments for people 

who are susceptible (density s), exposed (density e), never-hospitalized infected (density inh), pre-

hospitalized infected (density iph), general ward hospitalized (density hg), pre-ICU hospitalized i.e., 

hospitalized in the general ward that will ultimately be moved to ICU (density hpreICU), and ICU (density 

hICU), and recovered (density rrec). We ignore natural deaths and births, as well as disease-induced deaths, 

given the short timescales over which we are modelling. h represents the share of all COVID cases that will 

need to be hospitalized. All model parameters are detailed in Table A. The model was implemented in R 

using a time step of 0.01 days for simulations. Outbreaks were modelled using an initial share of infectious 

individuals equal to 1 per million people. Model equations are as follows:  𝑑𝑠𝑑𝑡 = −𝛽 𝑠 (𝑖𝑛ℎ + 𝑖𝑝ℎ) 𝑑𝑒𝑑𝑡 = 𝛽𝑠 (𝑖𝑛ℎ + 𝑖𝑝ℎ) − 𝛾1 𝑒 𝑑𝑖𝑛ℎ𝑑𝑡 =  𝛾1(1 − ℎ)𝑒 − 𝛾2 𝑖𝑛ℎ 𝑑𝑖𝑝ℎ𝑑𝑡 = 𝛾1ℎ 𝑒 − 𝛾ℎ 𝑖𝑝ℎ 𝑑ℎ𝑔𝑑𝑡 =  𝛾ℎ 𝑖𝑝ℎ (1 − 𝑝𝐼𝐶𝑈) − 𝛾𝑔 ℎ𝑔 𝑑ℎ𝑝𝑟𝑒𝐼𝐶𝑈𝑑𝑡 =  𝛾ℎ  𝑖𝑝ℎ 𝑝𝑖𝑐𝑢 − 𝛾𝑝𝑟𝑒𝐼𝐶𝑈  ℎ𝑝𝑟𝑒𝐼𝐶𝑈 𝑑ℎ𝐼𝐶𝑈𝑑𝑡 =  𝛾𝑝𝑟𝑒𝐼𝐶𝑈  ℎ𝑝𝑟𝑒𝐼𝐶𝑈 − 𝛾𝐼𝐶𝑈  ℎ𝐼𝐶𝑈  𝑑𝑟𝑟𝑒𝑐𝑑𝑡 = 𝛾2 𝑖𝑛ℎ +  𝛾𝑔 ℎ𝑔 + 𝛾𝐼𝐶𝑈  ℎ𝐼𝐶𝑈 
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Figure A1: simulation model 

 

Table A1: key model parameters 

Indicator Value 

Effective contact rate β Calculated based on model parameters for different R0 using the 

leading eigenvalue method (R0=10 in the baseline scenario hence β = 

1.7). 

Share of all cases that are hospitalized h 1%: assumption. h depends on each country’s age/comorbidity profile, 
past immunity and variant and was estimated at 0.9% for Omicron in 

the UK [1]. However, results in this paper do not depend on its exact 

value given the indicators used for results (% reduction). 

Mean latent period 1/γ1 4 days [2] 

Mean duration of infectiousness 1/γ2 6 days – based on 5.6 days for symptomatic cases and 7 days for 

asymptomatic cases, 35% of cases being asymptomatic [2, 3] 

Mean delay from onset of clinical 

symptoms to hospitalization 

7 days [2] 

Mean delay from infection to 

hospitalization 1/γh 

2.4 + 7 days (pre-symptomatic period [2] + duration from onset of 

clinical symptoms to hospitalization) 

Duration of hospitalization in a non-ICU 

bed for a severe case 1/γg 

14.6 days [2] 

Share of hospitalized cases needing ICU 30% [2] (varies with variant severity. As for h, results are not sensitive 

to the exact value) 

Duration of hospitalization in a non-ICU 

bed, for a critical case (assumed to take 

place before transfer to a ICU) 1/γpreICU 

6 days [2] 

Duration of hospitalization in an ICU bed 

for a critical case 1/γICU 

9.6 days [2] 

Summary of scenario characteristics 
Table A2 summarizes the characteristics of the scenarios described in Table 3 in the main text. Each 

scenario corresponds to a country “archetype” defined by a coherent set of characteristics going from a low-

capacity, low-resource country (country type A) to a high-capacity, high-resource country (country type E) 

with country type F corresponding to optimal conditions for all parameters. Justifications for the parameters 

selected for the different scenarios are provided either in Methods (for short justifications) or in the 

corresponding appendices (Appendix B for TTI, and Appendix C for testing and treatment). Parameters 

such as death ascertainment were derived from median conditions in low-income (for country type A), 

lower-middle-income (for country type B), upper-middle-income (for country types C and D) and high-

income (for country types E and F) countries. However, what matters for a country is not its income level 
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but what parameter set is closest to the local conditions for the specific use case. For example, a low-income 

country with 20% RDT use among symptomatic cases, 25% of people testing positive isolating, and 25% 

of contacts of positive cases being traced would correspond to Country type C for the purpose of estimating 

the impact of TTI.  

Table A2: summary of scenario characteristics 

Use case / scenarios 

Country capacity, resource and enabling context 

Worst         Best 

Country      

type A 

Country        

type B 

Country 

type C 

Country 

type D 

Country 

type E 

Country    

type F 

Surveillance             

No/poor surveillance Outbreak identified when hospital admissions increased 

“Good” surveillance Outbreak identified through case increases 

TTI             

Late TTI 
5% RDT use*, 

25% isolated, 0% 

traced 

10% RDT use*, 

25% isolated, 0% 

traced 

20% RDT 

use*, 25% 

isolated,  

25% traced 

40% RDT 

use*, 50% 

isolated,  

25% traced 

60% RDT 

use*, 50% 

isolated,  

50% traced 

80% RDT 

use*, 75% 

isolated,  

75% traced 

Early TTI 

Nosocomial testing             

RDT screening 

RDT screening of patients/staff in addition to routine PCR 

5% death 

ascertainment 

15% death 

ascertainment 

50% death 

ascertainment 

75% death 

ascertainment 

Test and treat             

RDT + linkage to 

improved treatment 

5% RDT use*, 

5% death 

ascertainment, 

15% of severe 

treated, 0.1-0.3% 

of cases benefit 

from optimal 

PCR + care 

10% RDT use*, 

15% death 

ascertainment, 

40% of severe 

treated, 1-3% of 

cases benefit 

from optimal 

PCR + care 

20% RDT 

use* 

40% RDT 

use* 

60% RDT 

use* 

80% RDT 

use* 

50% death 

ascertainment, 75% of 

severe treated, 5-15% of 

cases benefit from 

optimal PCR + care 

75% death 

ascertainment, 90% of 

severe treated, 15-45% 

of cases benefit from 

optimal PCR + care 

* This corresponds to the expected level of RDT use among COVID cases upon symptom onset. 

APPENDIX B – USE CASES 2A AND 2B: TTI  

Testing and isolation 
We estimate the percentage reduction in transmission associated with various TTI scenarios starting, in this 

section, with testing and isolation without tracing. For that purpose, we estimate total transmission without 

TTI and the reduction in transmission associated with a given scenario. The notations used for testing and 

isolation, with or without tracing, are indicated in Table B1. Note that the values indicated in the table are 

averages. An accurate computation requires consideration of the distributions associated with these 

averages. However, for the purpose of computing orders of magnitude, we have assumed that all these 

values (e.g., duration of the infectious period) are fixed. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

 doi: 10.1136/bmjgh-2022-010690:e010690. 8 2023;BMJ Global Health, et al. Bonnet G



ITable B1: notations and values used in the computation of transmission reduction 

Notation Meaning Value 

s RDT test sensitivity for index cases 80% (baseline assumption) 

s’ RDT test sensitivity for identified contacts Equal to s (80% at baseline) 

t Share of all index cases tested Scenario assumption 

t’ Share of identified contacts that test Assumed to be equal to t 

i Isolation probability upon a positive test (index cases) Scenario assumption 

i’ Isolation probability upon a positive test (identified contact) Assumed to be equal to i 

α Share of asymptomatic cases 35% [3] 

Tasym Infectious period for asymptomatic cases 7 [2] 

Tpre Preclinical infectious period 2.4 days [2] 

Tclin Clinical infectious period 3.2 days [2] 

Ttest Time from symptom onset to testing 0.5 days (assumption) 

f Relative infectivity for asymptomatic cases 0.5 [2] 

ϕ Reduction in transmission after isolation starts 70% [4] 

L Latent period (from exposure to the start of the infective period) 4 days [2] 

tr Proportion of index cases that are traced Scenario assumption 

q 
Share of all cases identified as contacts of an infected case. 

Because this relates to all cases, this differs from parameter tr 

Computed based on selected 

scenario (see below) 

L Notation: 𝐿 =  𝛼 𝑇𝑎𝑠𝑦𝑚  𝑓 +  (1 − 𝛼)(𝑇𝑝𝑟𝑒 + 𝑇𝑐𝑙𝑖𝑛) 4.865 (based on figures above) 

Before TTI, onward transmission from a given case is proportional to the case’s infectivity multiplied by 
the duration of the infectious period. For an asymptomatic case, this is therefore proportional to: 𝐴 = 𝛼 ∗ 𝑇𝑎𝑠𝑦𝑚 ∗ 𝑓 

while for a symptomatic case, it is proportional to: 𝐵 = (1 −  𝛼) ∗ (𝑇𝑝𝑟𝑒 + 𝑇𝑐𝑙𝑖𝑛) 𝑇𝑝𝑟𝑒 + 𝑇𝑐𝑙𝑖𝑛 being the total infectious period (pre-clinical infectious plus clinical infectious) for 

symptomatic cases.  

Transmission is reduced only if infected individuals are tested (probability t for symptomatic individuals, 

which represent a proportion (1 – α) of all cases), the test comes back positive (probability s) and the 

infected person isolates following a positive test (probability i). If this happens, then the reduction in 

transmission only concerns the period after the test, i.e., since the test is taken at time Ttest after the beginning 

of symptoms and the symptomatic infectious period lasts Tclin, onward transmission is reduced for a period 

of duration Tclin – Ttest. Finally, isolation is imperfect (i.e., it generally cuts out infections outside the 

household but it is often difficult, particularly in poor countries, for an infected person to isolate from other 

household members). The decrease in onward transmission during the period of isolation has been noted 

ϕ, therefore, transmission reduction is proportional to: 𝐶 = (1 −  𝛼) 𝑡 𝑠 𝑖  (𝑇𝑐𝑙𝑖𝑛 − 𝑇𝑡𝑒𝑠𝑡) 𝜑  
The overall reduction in transmission through testing and isolation of clinical cases (without tracing) is then 

estimated through C / (A + B) or, using the notation L defined in Table B1, C/L: 
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𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝑡 𝑠 𝑖 𝜑 (1 − 𝛼) (𝑇𝑐𝑙𝑖𝑛 − 𝑇𝑡𝑒𝑠𝑡)(𝛼 ∗ 𝑇𝑎𝑠𝑦𝑚 ∗ 𝑓 + (1 − 𝛼) ∗ (𝑇𝑝𝑟𝑒 + 𝑇𝑐𝑙𝑖𝑛))  
Impact of tracing 
We use a similar approach to assess the impact of testing and isolation with tracing. The added complexity 

is that we need to assess transmission reduction from identified contacts of index cases that test positive 

and isolate. For that purpose, we first divide index cases into different groups with similar characteristics: 

symptomatic or asymptomatic, identified as contacts or not, testing or not (if RDTs become available), with 

a positive or negative test result, deciding to isolate or not, and with their contacts traced/not traced. For 

each of these groups (each represented by a line in Table B2), we estimate their contribution to transmission 

in the absence of RDTs, and the reduction in transmission associated with the use of RDTs for this group. 

For example, there is no expected transmission reduction from any group that is identified as “non-

isolating” (lines 2-4, 6-9 and 12-15 in the table). Computations rely on the following assumptions:  

a) Traced contacts can generally start isolating before they become infective (see explanation below). 

b) No policy is set in place to trace the contacts of traced contacts. 

c) No system is in place to trace the contacts of cases that did not test or tested negative. 

d) A contact that refuses to test will not isolate, even if they are symptomatic. 

e) People who do not isolate may inform their contacts, hence may trace but not isolate. They may also 

isolate but not trace (e.g., if concerned with stigma) or do both or neither. 

Explanation of assumption a): at the moment of the test, the index has already been infective for the duration 

of the pre-symptomatic period (2.4 days on average before symptom onset [2]) plus the time between the 

beginning of symptoms and testing (0.5 days as per Table B1), so contacts may have been infected at any 

point between 2.9 days before testing and the test. Assuming that hard to trace contacts are not routinely 

traced and that traced contacts are reached within at most a day, contacts are generally traced within 3.9 

days of infection. The latent period (between exposure and the beginning of the infective period) is around 

4 days [2], hence, most contacts should be informed they were exposed before they become infective. A 

more precise calculation would obviously have to account for the distribution of each period (latent, pre-

clinical and clinical infective periods), as well as for the distribution in times to testing but, for the purpose 

of estimating orders of magnitude, we can assume that traced contacts generally start isolating before they 

become infective.  

Table B2 represents the characteristics, transmission levels and reduction through RDT use associated with 

different groups of cases. For example, the first line in the table corresponds to asymptomatic cases that are 

identified as contacts, test, receive a positive test result, and isolate if RDTs are available. Tracing does not 

take place given assumption b). These cases represent a share 𝑞 𝛼 𝑡′𝑠′𝑖′ of all cases (q represents the share 

of all cases that are identified as contacts, α the share of asymptomatic cases, t’ the share of contacts that 

test, s’ test sensitivity, and i’ the share that isolate). Onward transmission from these cases is proportional 

to 𝑇𝑎𝑠𝑦𝑚 𝑓 (the infective period times the relative infectivity for asymptomatic cases), hence transmission 

from that group, if RDTs are not available, is proportional to 𝑞 𝛼 𝑡′𝑠′𝑖′ 𝑇𝑎𝑠𝑦𝑚 𝑓. Since traced contacts are 

expected to start isolating before they become infective, we apply the transmission reduction factor ϕ to the 

entire infective period. Transmission reduction when RDTs are available is therefore proportional to 𝑞 𝛼 𝑡′𝑠′𝑖′ 𝑇𝑎𝑠𝑦𝑚𝑓 𝜑 , as reflected in the last column of Table B2. 
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Table B2: Plausible testing, isolation and tracing scenarios for individuals that are infected with COVID 

Categories of infected individuals Level of secondary transmission if 

testing were not available (no 

isolation/tracing) 

Reduction in secondary transmission 

with testing 
Identified 

contact1 

Symptom 

status2 
Test3 

Test 

result4 
Isolation5 Tracing6 

Yes Asymptomatic Yes + Yes No q t’ s’ i'  Tasym f q t’ s’ i’  Tasym f φ 

Yes Asymptomatic Yes + No No q t’ s’ (1 – i’)  Tasym f 0 

Yes Asymptomatic Yes - No No q t’ (1 – s’)  Tasym f 0 

Yes Asymptomatic No NA No No q (1 – t’)  Tasym f 0 

Yes Symptomatic Yes + Yes No q t’ s’ i' (1 - ) (Tpre + Tclin) q t’ s’ i’ (1 - ) (Tpre + Tclin) φ 

Yes Symptomatic Yes + No No q t’ s’ (1 – i’) (1 - ) (Tpre + Tclin) 0 

Yes Symptomatic Yes - No No q t’ (1 – s’) (1 - ) (Tpre + Tclin) 0 

Yes Symptomatic No NA No No q (1 – t’) (1 - ) (Tpre + Tclin) 0 

No Asymptomatic No NA No No (1 - q)  Tasym f 0 

No Symptomatic Yes + Yes Yes (1 - q) (1 - ) t s i tr (Tpre + Tclin) (1 - q) (1 – ) t s i tr (Tclin – Ttest) φ 

No Symptomatic Yes + Yes No (1 - q) (1 - ) t s i (1 - tr) (Tpre + Tclin) (1 - q) (1 - ) t s i (1 - tr) (Tclin – Ttest) φ 

No Symptomatic Yes + No Yes (1 - q) (1 - ) t s (1 - i) tr (Tpre + Tclin) 0 

No Symptomatic Yes + No No (1 - q) (1 - ) t s (1 - i) (1 - tr) (Tpre + Tclin) 0 

No Symptomatic Yes - No No (1 - q) (1 - ) t (1 - s) (Tpre + Tclin) 0 

No Symptomatic No NA No No (1 - q) (1 - ) (1 - t) (Tpre + Tclin) 0 
1 Refers to whether the infected individuals are traced contacts or not. 
2 Differentiates infected individuals between “asymptomatic” (never symptomatic), and “symptomatic” (developing symptoms at some point). 
3 Refers to whether the infected individuals test or not. 
4 Test result: refers to whether the test result is positive or negative (NA is for individuals that did not test).  
5 Whether the individual decides, upon a positive test result, to isolate or not. 
6 Whether an individual traces their contacts (for simplicity, represented as a yes/no answer though some infected individuals will trace only part of their contacts).  

For simplicity, we now assume that t = t’, s = s’ and, i = i’, and estimate the percentage reduction in onward transmission as the sum of the last 

column divided by the sum of the prior to last column: % 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 =  𝑡 𝑠 𝑖  𝜑 (𝑞 + (1 − 𝑞) (1 − 𝛼)(𝑇𝑐𝑙𝑖𝑛 − 𝑇𝑡𝑒𝑠𝑡)𝐿   ) 

q is so far unknow. To compute it as a function of known parameters, we divide onward transmission from traced cases (proportional to the number 

of known contacts in the next generation of cases) by onward transmission from all groups (proportional to the number of all contacts) and equate 

this with q. This leads to: 𝑞 = (1 − 𝑞)(1 −  𝛼) 𝑡 𝑠 𝑡𝑟 ((𝑇𝑝𝑟𝑒 + 𝑇𝑐𝑙𝑖𝑛) − 𝑖 (𝑇𝑐𝑙𝑖𝑛 − 𝑇𝑡𝑒𝑠𝑡) 𝜑)𝐿 − 𝑡 𝑠 𝑖  𝜑 𝐿 (𝑞 + (1 − 𝑞) (1 − 𝛼)(𝑇𝑐𝑙𝑖𝑛 − 𝑇𝑡𝑒𝑠𝑡)𝐿   )  

This is an equation of second order, which we can solve for q, then apply to the equation giving transmission reduction above.  
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Transmission reduction scenarios 
Table B3 details the reduction in transmission associated with different TTI scenarios. 

Table B3: reduction in transmission from TTI, according to the share of cases/contacts tested, traced 

and isolating/quarantining upon learning test results 

    Share of clinical cases & traced contacts tested 
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75% 17.4% 12.1% 7.4% 3.4% 1.6% 0.8% 

50% 11.7% 8.2% 5.0% 2.3% 1.1% 0.5% 

25% 5.9% 4.1% 2.5% 1.1% 0.5% 0.3% 

5
0
%

 75% 15.9% 11.2% 7.0% 3.3% 1.6% 0.8% 

50% 10.7% 7.6% 4.7% 2.2% 1.1% 0.5% 

25% 5.4% 3.8% 2.4% 1.1% 0.5% 0.3% 

2
5
%

 75% 14.1% 10.2% 6.6% 3.2% 1.5% 0.8% 

50% 9.5% 6.9% 4.4% 2.1% 1.0% 0.5% 

25% 4.8% 3.5% 2.2% 1.1% 0.5% 0.3% 

0
%

 75% 12.1% 9.1% 6.1% 3.0% 1.5% 0.8% 

50% 8.1% 6.1% 4.0% 2.0% 1.0% 0.5% 

25% 4.0% 3.0% 2.0% 1.0% 0.5% 0.3% 

Source: authors’ calculations based on the formula in Appendix B. 

Time gained for ICU capacity strengthening  

Table B4 provides the time gained through different TTI scenarios, between the start of the intervention 

and the moment half of ICU bed-days associated with the outbreak have already been used. Results are 

very similar to those of Table 1 in the main text, which focused on time gained for boosting. Given the 

results found in Use case 1 (47.2 days between outbreak detection with surveillance and the moment half 

of ICU bed days have been used, in the absence of TTI, the total time available for ICU-specific capacity 

building with surveillance is the time gained for ICU capacity strengthening in Table B4, added to 47.2 

days e.g., in the best TTI scenario would be 4.4 + 47.2 = 51.6 days.  

Table B4: Time gained for ICU capacity strengthening through different TTI scenarios 

  

  

Benefits of TTI in the presence of 

surveillance (use case 2b) 

Benefits of TTI in the absence of 

surveillance (use case 2a) 

    Testing level (share of symptomatic cases/identified contacts) 

    80% 60% 40% 20% 10% 5% 80% 60% 40% 20% 10% 5% 
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75% 4.40 2.84 1.64 0.71 0.33 0.16 1.64 1.07 0.62 0.27 0.13 0.06 

50% 2.73 1.82 1.07 0.47 0.22 0.11 1.03 0.69 0.41 0.18 0.09 0.04 

25% 1.28 0.88 0.53 0.24 0.11 0.06 0.48 0.33 0.20 0.09 0.04 0.02 

5
0
%

 75% 3.93 2.60 1.54 0.69 0.33 0.16 1.47 0.98 0.58 0.26 0.12 0.06 

50% 2.46 1.67 1.01 0.46 0.22 0.11 0.93 0.63 0.38 0.17 0.09 0.04 

25% 1.16 0.81 0.50 0.23 0.11 0.06 0.44 0.31 0.19 0.09 0.04 0.02 

2
5
%

 75% 3.42 2.34 1.43 0.66 0.32 0.16 1.28 0.88 0.54 0.25 0.12 0.06 

50% 2.15 1.50 0.93 0.44 0.21 0.11 0.81 0.57 0.35 0.17 0.08 0.04 

25% 1.02 0.73 0.46 0.22 0.11 0.06 0.39 0.18 0.18 0.08 0.04 0.02 

0
%

 75% 2.84 2.05 1.32 0.64 0.31 0.16 1.07 0.77 0.50 0.24 0.12 0.06 

50% 1.80 1.32 0.86 0.42 0.21 0.11 0.68 0.50 0.33 0.16 0.08 0.04 

25% 0.86 0.64 0.42 0.21 0.11 0.05 0.33 0.24 0.16 0.08 0.04 0.02 

Source: authors’ simulations using the model in Appendix A 
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Share of 60+ that can be given vaccine boosters during the time gained for boosting 

Table B5 details the benefit, in terms of boosting, of different scenarios. The table was computed by:  

1) For each country, translating the days available for boosting in each scenario into a number of 

individuals that could be boosted. For example, for the optimal scenario which gives 21.45 days 

for boosting, we computed, for the “initial speed”, the number of individuals boosted in the country 

21.45 days after the start of the vaccination campaign defined as the first day with non-zero 

numbers of individuals recorded as vaccinated. For the “speed once 1% of the population had been 
vaccinated”, we computed vaccinations per day in the first 14 days after 1% of the population had 

been vaccinated, then multiplied this number by 21.45. 

2) Translating numbers boosted into a share of the 60+ years old population in each country, using 

World Population Prospects [5] data on age distributions in each country.  

3) Taking the median, 25% and 75% percentiles of the share of 60+ years old boosted for all countries 

with data in each income range. 

A similar computation (not shown below) was undertaken for 80+ years old. 

 Table B5: Share of 60+ years old that can be protected through COVID boosters in the time 

available, by intervention scenario 

Intervention scenario Share of 60+ years old boosted (median and IQR) 

Warning 
% tested - traced 

– isolating 

Days to 

boost 

Boosting 

speed 
High income 

Upper middle 

income 

Lower middle 

income 
Low income 

Early 80%-75%-75% 21.45 Initial 7% [3%,16%] 4% [1%,17%] 5% [2%,17%] 5% [1%,9%] 

Early 60%-50%-50% 18.87 Initial 5% [2%,14%] 3% [1%,12%] 5% [1%,15%] 4% [1%,9%] 

Early 20%-25%-25% 17.49 Initial 5% [2%,13%] 3% [1%,10%] 4% [1%,13%] 4% [1%,8%] 

Early 0%-0%-0% 17.28 Initial 5% [2%,13%] 3% [1%,9%] 4% [1%,12%] 4% [1%,8%] 

Late 80%-75%-75% 4.65 Initial 1% [0%,3%] 1% [0%,2%] 1% [0%,3%] 1% [0%,2%] 

Late 60%-50%-50% 3.81 Initial 1% [0%,3%] 0% [0%,2%] 1% [0%,3%] 0% [0%,2%] 

Late 20%-25%-25% 3.35 Initial 1% [0%,2%] 0% [0%,1%] 1% [0%,2%] 0% [0%,2%] 

Late 0%-0%-0% 3.28 Initial 1% [0%,3%] 0% [0%,2%] 1% [0%,3%] 0% [0%,2%] 

Early 80%-75%-75% 21.45 1% vacc. 12% [9%,24%] 16% [9%,29%] 20% [11%,37%] 9% [4%,14%] 

Early 60%-50%-50% 18.87 1% vacc. 11% [8%,21%] 14% [8%,25%] 18% [10%,33%] 8% [3%,12%] 

Early 20%-25%-25% 17.49 1% vacc. 10% [8%,19%] 13% [8%,23%] 16% [9%,30%] 7% [3%,11%] 

Early 0%-0%-0% 17.28 1% vacc. 10% [7%,19%] 13% [8%,23%] 16% [9%,30%] 7% [3%,11%] 

Late 80%-75%-75% 4.65 1% vacc. 3% [2%,5%] 3% [2%,6%] 4% [2%,8%] 2% [1%,3%] 

Late 60%-50%-50% 3.81 1% vacc. 2% [2%,4%] 3% [2%,5%] 4% [2%,7%] 2% [1%,2%] 

Late 20%-25%-25% 3.35 1% vacc. 2% [1%,4%] 2% [1%,4%] 3% [2%,6%] 1% [1%,2%] 

Late 0%-0%-0% 3.28 1% vacc. 2% [2%,4%] 3% [2%,5%] 3% [2%,6%] 1% [1%,2%] 

Source: authors’ calculations using [6]’s vaccination dataset, [5]'s population data and the World Bank’s country 
classification [7]. 

Unmet ICU needs 
“Unmet needs” were defined as bed-day needs above a certain level designated as “maximum capacity”. 
These correspond to the area of the curve corresponding to bed-day needs for each day of the outbreak that 

is above the “maximum capacity” level. This value depends on the level constituting “maximum capacity”. 
Figure B1 illustrates the relationship between transmission reduction through TTI (initiated once an 

outbreak is detected and stopping once infection rates decrease below the level of detection) and unmet 

ICU bed-day needs. Unmet needs correspond to the area above the line indicated as the “capacity level”, 
and total needs to all the area under the curve. In the left panel, capacity is high though insufficient to meet 
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middle-income), types C and D (upper-middle-income), type E (high-income) and type F (high-income 

with optimal parameters). Lower-resource/capacity archetypes have lower RDT availability, tracing 

capacity, and ability to isolate for individuals testing positive. We further assume that RDTs can lead to a 

higher relative increase in case identification levels in low-resource settings, where current levels of 

identification are low, than in higher-resource settings. 

The levels of testing selected for each country archetype are: 5% for country type A, (>10 times the 2021 

median case identification levels in low-income countries, as per [8] and using a share of asymptomatic 

cases equal to 35% [3]); 10% for country type B (twice the 2021 median case identification levels in lower-

middle income countries); 20% and 40% for country types C and D (once and twice the 2021 median level 

of case identification in upper-middle-income countries); and 60% and 80% for country types E and F (one 

and 1.5 times the 2021 median case identification level in high-income countries). 

Assumptions for the levels of isolation for each country archetype are based on isolation levels for different 

types of workers. Reported compliance with isolation ranged from 50%-80% [9, 10] in the UK, while fewer 

than 20% of informal workers in Mexico (who typically do not have access to paid sick leave and cannot 

afford to lose income) reported preferring to stop working over getting infected [11] (even fewer may accept 

to stop working to curb disease transmission). For scenario setting, we assumed that 80% and 0% of workers 

with and without access to paid sick leave isolate, respectively.  

Table B6 reflects workers not covered by paid sick leave provision, either because the country does not 

have any such provision (all workers are excluded) or because self-employed workers are excluded. Not 

considered in Table B6 are local paid sick leave provisions in decentralized countries with no national 

policy, delays to access paid sick leave and levels of pay, and possible exclusion of part-time workers from 

sick leave policies. Further, the table focuses only on employed workers. Country types A and B are 

patterned on low- and lower-middle-income countries, where 68% of workers are excluded from paid sick 

leave provisions. If 80% of those with paid sick leave isolate while none of those without do, then around 

a quarter of workers would isolate upon testing position – this is the assumption used for country types A 

and B. Other country types are patterned on upper-middle- and high-income countries. If a third of workers 

are excluded from sick leave provision and 80% of those with paid sick leave isolate while none of those 

that are excluded do, around half of infected workers would isolate, a level used in country Types D and E. 

For type C, we proposed a more modest assumption (lower-performing upper-middle-income context), with 

25% isolating. Type F was designed as an optimal scenario, and we assumed 75% of cases would isolate.  

Table B6: Paid sick leave provisions: countries and workers covered 

Indicator  
Low 

income 

Lower 

middle 

income 

Upper 

middle 

income 

Low and middle 

income  (LMICs) 

High 

income 

% countries with laws that do not provide sick 

leave for either all workers or self-workers 
88% 74% 45% 65% 36% 

Average share of employed workers in income 

range excluded from paid sick leave provisions 

(population-weighted) 

68% 68% 32% 51% 35% 

Source: data on sick leave provisions for all vs. self-employed workers from © WORLD Policy Analysis Center [42] 

and data on self-employed workers from ILO [43] 

The last assumption relevant to scenario-setting for the TTI use case is the level of tracing. The shares of 

contacts reached by contact tracers in the UK was close to 50% [12], which was chosen as the share of 

contacts traced for type E. Type F was built to represent an optimal scenario, and we assumed that 75% of 

contacts were traced. It was further assumed that for types A and B (patterned on a typical low-income and 
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world population now has some immunity through either vaccination or past infection. It is unlikely that 

LMIC clinics will be able to triage patients by prior infection status, while the drugs were trialed on 

unvaccinated, never-infected cases [15, 18, 19]. The results of clinical trials for vaccinated patients with at 

least one risk factor showed a non-significant reduction in hospitalization or death risk of 57% (from 1.9% 

to 0.8%) [20]. Further, LMIC high-risk populations are likely to be younger overall than in higher-income 

countries, and a recent preprint on nirmatrelvir therapy suggests that younger high-risk patients (below 64 

years old) may not derive significant benefits from treatment (hospitalization hazard ratio = 0.78) [21]. For 

the purpose of this paper, we assumed that hospitalization risk for high-risk patients without early treatment 

is at most 6%, reflecting risks in the trial’s placebo group, and at least 1.5%, or a quarter of the original 
risk, in keeping with realized risk reductions for 60-79 years old (an “at risk” group) in England during the 

Omicron wave, at a time when vaccination was already widespread [1] (Delta dominated during trials [16, 

19]). For treated cases, we use 0.9%, the value found in trials for treated high-risk, unvaccinated never-

infected patients and close to the value found for treated, high-risk, vaccinated patients [13, 15-17, 20].  

Estimating treatment impact also requires assumptions regarding the share of high-risk cases among 

hospitalized COVID cases and hospital deaths. High-risk is defined as being 60+ years old or having 

comorbidities increasing COVID risk. Our assumptions that 25% of hospitalized patients and 50% of those 

that die are “high-risk” are based on figures for Omicron in South Africa. In this context, 13% of 

hospitalized Omicron patients were 60+ [22] and 12-23% had comorbidities [22, 23]. Estimating how 

generalizable these estimates are to other countries is difficult, as the share of older people in the 

population, the proportion of comorbidities within a given age group, and relative likelihood of hospital 

access for these groups all change with a country’s income level, but in multiple directions.  

If o = share of cases benefiting from rapid PCR and good treatment options even in the absence of 

RDTs (most advantaged segment of the population), T = share of cases that have access to at least 

some level of care in case of severe disease, even in the absence of RDTs, t = share of cases accessing 

RDTs thanks to the intervention, s = RDT test sensitivity, rh = share of high-risk individuals among 

hospitalized patients (25%), rd = share of high-risk patients among hospital deaths (50%), xh = 

reduction in hospitalization for high-risk severe cases (40-85%) thanks to treatment and xd = reduction 

in deaths (67-100%) for these patients, then: 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑠 ≤ 𝑠 𝑡 − 𝑜𝑇  𝑥ℎ 𝑟ℎ  

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑑𝑒𝑎𝑡ℎ𝑠 ≤ 𝑠 𝑡 − 𝑜𝑇  𝑥 𝑟𝑑 ∗ 𝑑𝑒𝑎𝑡ℎ 𝑎𝑠𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑚𝑒𝑛𝑡  

The formula involves a number of parameters that have to be defined for each scenario.  

• Death ascertainment has been set at 5%, 15%, 50% and 75% for scenarios associated with low- 

(country type A), lower-middle- (country type B), upper-middle- (country types C and D) and high-

income (country types E and F) countries respectively, in line with data in [8].  

• We obtained a rough estimate of the share T of cases that have access to some treatment (prior to 

RDT scale-up), at least if they become severe, using death ascertainment, a case-fatality ratios in 

hospital around 30% [23, 24] and the assumption that never treated severe cases die. From these 

we derive the share of severe cases having some access to identification and treatment in country 

types A (15%), B (40%), C and D (75%), and E and F (90%) respectively.  
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• For our scenarios, we have assumed that the share o of patients that will not derive benefits from 

RDT scale-up because they already have access to PCR with short turnaround time and good 

treatment options increases with case ascertainment. We have set it at 0.1-0.3%, 1-3%, 5-15% and 

15-45% in low-, lower-middle-, upper-middle- and high-income scenarios respectively, based on 

estimates regarding the share of country infections detected in 2021 [25], accounting for 

asymptomatic infections, and assuming that between 25 and 75% of cases that were identified in 

2021 had access to a PCR test with short turnaround time.  

• Finally, the scenario is optimal when all high-risk cases that test positive with RDTs (i.e., 80% of 

cases given test sensitivity) access early/improved care, hence the “≤” in the formula. 

Note that, so far, promises of subsidized access to antivirals in LMICs [26-28] and orders of antiviral 

treatment courses in the US or the UK [29-32] amount to less than 10% and around 30% of their 60+ 

population, respectively [5], itself only a fraction of high-risk individuals.  

APPENDIX D – COMPLEMENTS TO SENSITIVITY ANALYSIS 
The sensitivity analysis in the main body of the paper was developed by simulating outcomes for different 

outbreak characteristics and test sensitivity. However, it focused only on the way in which results for 

country type F may evolve with some of the plausible changes in outbreak and test parameters. This section 

complements that analysis by providing a non-exhaustive set of mathematical formulas for parameters that 

can formulated in a simple enough manner, for the reader to be able to rapidly adjust the figures discussed 

in this paper for other country types, different basic reproductive numbers, latent and infective periods, and 

different abilities to escape immunity (which can affect the value of s0: initially susceptible individual).  

Use case 1 

LINEAR REGIME 
If we neglect hospitalization, we can simplify the differential equations in Appendix A into: (1)        𝑑𝑠𝑑𝑡 = −𝛽 𝑠 𝑖  (2)         𝑑𝑒𝑑𝑡 = 𝛽𝑠 𝑖 − 𝛾1 𝑒 (3)        𝑑𝑖𝑑𝑡 = 𝛾1 𝑒 −  𝛾2 𝑖 
As long as cumulative infections are low compared to the initial number of susceptible individuals s0, we 

can assume that s = s0, transforming equations (2) and (3) into a set of linear equations. These have the 

following solution, for i = i0 and e = 0 at t = 0: (4𝑎)       𝑖(𝑡) = − 𝑖02𝑢 ((1 − 𝜌 − 𝑢)𝑒𝛾2𝜆+𝑡 − (1 − 𝜌 + 𝑢)𝑒𝛾2𝜆−𝑡) (4𝑏)       𝑒(𝑡) = 𝑖0 𝑟𝑢 (𝑒𝛾2𝜆+𝑡 − 𝑒𝛾2𝜆−𝑡) 

With 𝑟 = 𝛽𝛾2 ∗ 𝑠0 , 𝜌 = 𝛾1𝛾2 , 𝑢 =  √(𝜌 − 1)2  + 4 𝜌 𝑟 and 𝜆+(𝑟) =  −1−𝜌 + 𝑢2 , 𝜆−(𝑟) =  −1−𝜌− 𝑢2  

Cumulative infections are low as compared to the initial share of susceptible individuals as long as 𝛾2 ∫ 𝑖(𝜏)𝑑𝜏𝑡0 ≪  𝑠0. This formula is equivalent to 𝑡 ≪ 1𝛾2𝜆+ ln ( 2 𝑠0𝑢 𝜆+𝑖0 (𝜌+𝑢−1)).  Further, for 𝑒−𝛾2𝑢𝑡 ≪ 1, the first 
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term dominates in equations (4a) and (4b). With the values chosen in the baseline scenario and with the 

condition that the neglected terms in the equations are no more than 10% of the total, then the approximation 

is valid for 2.5 days < t < 56.5 days. 

As long as these conditions are met, we can use the following: (5𝑎)     𝑖(𝑡) = − 𝑖02𝑢 (1 − 𝜌 − 𝑢) 𝑒𝛾2𝜆+𝑡 (5𝑏)     𝑒(𝑡) = 𝑖0 𝑟𝑢  𝑒𝛾2𝜆+𝑡 

TIME FROM OUTBREAK DETECTION TO PEAK INFECTIONS 
If we assume that a new outbreak is detected when the prevalence of the new variant exceeds a level id (e.g., 

when it is sufficiently above a “background level” of infection corresponding to an earlier variant), then we 
can use equation (5) to compute the time td from the beginning of the outbreak to its detection in a 

surveillance scenario: (6) 𝑡𝑑 = 1𝛾2𝜆+  ln ( −2 𝑢 𝑖𝑑𝑖0(1 −  𝜌 − 𝑢)) 

[33] provides a mathematical approximation to the total time to outbreak peak tpeak for an outbreak starting 

with a fully susceptible population (s0 = 1). Adapted to account for other values of s0, the formula becomes: 

(7) 𝑡𝑝𝑒𝑎𝑘 =  1𝛾2𝜆+  ln ((1−1𝑟)2𝑧∞𝑠0(𝑧∞−1+1𝑟)𝑖0 √(𝜌2+(1+𝜆+)2)(𝜌2+(1+𝜆−)2)𝜆−(1+𝜆−) )  

z∞ is the share of those initially susceptible that are ultimately infected through the outbreak. This value is 

well approximated by (8)  𝑧∞ = 1 − 𝑒−𝑟 

For initial infection rates i0 of the magnitude of those used in our simulations (1 per million inhabitants), i0 

dominates in (7a), and the dominant term in the equation is: (9)  𝑡𝑝𝑒𝑎𝑘 ≅  − ln(𝑖0)𝛾2𝜆+   
Combining (7) with (6), we can compute the total time from outbreak detection to peak infections. While 

the logarithm term includes elements that vary with r and other outbreak parameters, overall, the variation 

in the time from outbreak detection to peak infections is inversely proportional to 𝛾2𝜆+, as below: (10) 𝑡𝑝𝑒𝑎𝑘 − 𝑡𝑑~ 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝛾2𝜆+  

Finally, for values of r ≥ 2 and ρ between 1/3 and 3, we use the approximations: 𝑢 ≅  √4𝜌𝑟 and √𝜌 +1√𝜌 ≅ 2 and the time from the beginning of the outbreak to its peak, and from its detection to its peak can 

be approximated by: (11)  𝑡𝑝𝑒𝑎𝑘 ≅ − ln (𝑖0)√𝛾1𝛾2 (√𝑟 − 1) 
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 (12)  𝑡𝑝𝑒𝑎𝑘 − 𝑡𝑑~ 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡√𝛾1𝛾2  (√𝑟 − 1) 

Use case 2a and 2b: Impact of TTI on time available for boosting and peak infections 
We use the solution to equations (1) to (3) to compute the impact of a reduction in transmission ε on the 
timing of peak infection rates.  

We seek the values of ti and te for which 𝑖(𝜏, 𝑟) = 𝑖(𝜏 + 𝑡𝑖 , 𝑟(1 − 𝜖)) and 𝑒(𝜏, 𝑟) = 𝑒(𝜏 + 𝑡𝑒, 𝑟(1 − 𝜖)), 

respectively, during the linear period. We find that, in first approximation: 

(13)       𝑡𝑖 = 𝑡𝑒 =  𝜆+(𝑟) − 𝜆+(𝑟(1 − 𝜖))𝜆+(𝑟(1 − 𝜖))  𝜏 

ti = te represent the delay in the curve of infected individuals driven by a percentage reduction in 

transmission ε taking place over a period τ, noting that, with the values chosen in our base scenario, the 

approximation in (13) is valid for 2.5 days < t < 56.5 days, or almost the entire period between the start of 

the outbreak and its peak (see linear regime section).  

For values of r ≥ 2, ρ between 1/3 and 3 and a reduction in transmission ε up to 50%, (13) can further be 

approximated, using 𝑢 ≅  √4𝜌𝑟 and √𝜌 + 1√𝜌 ≅ 2, into formula (14), which is linear in τ (the point at 

which transmission reduction starts), independent of ρ and decreases with r: 

(14)            √𝑟 − √𝑟 (1 − 𝜖)(√𝑟 (1 − 𝜖) − 1)  𝜏 

The slope provided in (14) decreases with r and tends toward ε/2 for large r and small ε. Simulations show 

a near-perfect agreement (less than 1% difference) between the theoretical slope in (13) and the slope found 

in simulations (Figure D1) (agreement with (14) is also good). As outbreak characteristics change, the 

impact of TTI is affected, on the one hand, by changes in how τ days of advance warning affect the outbreak 

(as per (13) and (14)) and by changes in the time available for surveillance. Figure D1 also shows how the 

timing of interventions affects reduction in peak ICU demand: as long as interventions do not start too close 

to the peak of the outbreak, the impact of the timing of interventions on peak demand reduction is limited. 
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