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ABSTRACT
Objectives To determine the most epidemiologically 
effective and cost- effective school- based SARS- CoV- 2 
antigen- detection rapid diagnostic test (Ag- RDT) self- 
testing strategies among teachers and students.
Design Mathematical modelling and economic evaluation.
Setting and participants Simulated school and 
community populations were parameterised to Brazil, 
Georgia and Zambia, with SARS- CoV- 2 self- testing 
strategies targeted to teachers and students in primary 
and secondary schools under varying epidemic conditions.
Interventions SARS- CoV- 2 Ag- RDT self- testing strategies 
for only teachers or teachers and students—only 
symptomatically or symptomatically and asymptomatically 
at 5%, 10%, 40% or 100% of schools at varying 
frequencies.
Outcome measures Outcomes were assessed in terms of 
total infections and symptomatic days among teachers and 
students, as well as total infections and deaths within the 
community under the intervention compared with baseline. 
The incremental cost- effectiveness ratios (ICERs) were 
calculated for infections prevented among teachers and 
students.
Results With respect to both the reduction in infections 
and total cost, symptomatic testing of all teachers and 
students appears to be the most cost- effective strategy. 
Symptomatic testing can prevent up to 69·3%, 64·5% and 
75·5% of school infections in Brazil, Georgia and Zambia, 
respectively, depending on the epidemic conditions, with 
additional reductions in community infections. ICERs 
for symptomatic testing range from US$2 to US$19 per 
additional school infection averted as compared with 
symptomatic testing of teachers alone.
Conclusions Symptomatic testing of teachers and 
students has the potential to cost- effectively reduce a 
substantial number of school and community infections.

INTRODUCTION
The COVID- 19 pandemic continues to 
evolve. Increasing levels of population immu-
nity through both vaccines and infections 
has resulted in diminished cases of severe 
disease in many settings.1 2 In this context, 

testing remains a critical component to miti-
gate transmission by enabling the rapid iden-
tification of infectious cases for self- isolation; 
moreover, testing can support prompt clinical 
management and maintain visibility on virus 
circulation and evolution.3

Access to COVID- 19 diagnostic testing 
has not been equal globally. High income 
countries have reported testing rates 10–100 
times than that of low- and middle- income 
countries (LMICs), partially attributable to 
constrained infrastructure, which has severely 
limited our knowledge of disease burden in 
many limited resource settings.4 5 As SARS- 
CoV- 2 antigen- detection rapid diagnostic tests 
(Ag- RDTs) have become more widely avail-
able, there is potential to scale up and meet 
future testing demand within LMICs creating 
a more equitable pandemic response land-
scape.6 Access to testing can be expanded 
even further through the implementation 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This analysis uses an agent- based simulation to 
provide specific population outcomes under the 
impact of SARS- CoV- 2 self- testing strategies in 
schools.

 ⇒ The use of a viral load trajectory by day of infection 
and the associated antigen- detection rapid diag-
nostic test sensitivity in lieu of a broad sensitivity 
estimate provides more accurate testing outcomes.

 ⇒ The model was parameterised to three country con-
texts, under various epidemic conditions, broaden-
ing the generalisability of the results.

 ⇒ The model assumes perfect compliance of the 
school- going population with testing and self- 
isolation, so the benefits may overestimate the ef-
fect of a school- based testing strategy in practice.

 ⇒ The school- based testing strategies in this mod-
el were analysed in the absence of any additional 
interventions.
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of Ag- RDT self- testing. Self- tests have been proven effec-
tive for personal use, reducing the need for healthcare- 
related infrastructure and staff, thus lowering the barriers 
to access.7

Strategic deployment of SARS- CoV- 2 Ag- RDTs to the 
sectors of society with increased transmission potential 
may reduce the forward transmission of SARS- CoV- 2 
and the overall burden of COVID- 19 within communi-
ties. Providing convenient access to self- testing in these 
settings, with no additional cost to the user, is also likely 
to increase uptake, as users would not have to diverge 
from their daily routines to seek out testing. Within a 
specific setting, such as primary and secondary schools, 
self- testing could not only limit transmission, but reduce 
the amount of time students and teachers are absent from 
the classroom, with additional benefits for the broader 
community.

Other studies have modelled the effects of school- based 
testing strategies on in- school SARS- CoV- 2 transmissions 
but have yet to fully evaluate the impact of school testing 
on community transmission or its potential for cost- 
effectiveness.8–14 To address this gap, we used an agent- 
based model, parameterised to three countries—Brazil, 
Georgia and Zambia—to evaluate the impact of different 
self- testing strategies in schools on broader community 
transmission. We then performed an economic analysis 
to determine which school- based testing strategies would 
be the most cost- effective.

METHODS
To evaluate self- testing strategies in schools, we used a 
previously developed agent- based stochastic simulation 
model, termed Propelling Action for Test And Treat.15–17 
With the model parameterised to Brazil, Georgia and 
Zambia, we analysed 11 different self- testing strate-
gies within the school- going population (teachers and 
students) at three testing frequencies and under 24 
combinations of epidemic conditions, comprising a total 
of 648 scenarios per country. Each scenario was simu-
lated five times to capture parameter variability. For each 
country and epidemic context, we performed a cost- 
effectiveness analysis to identify the optimal COVID- 19 
self- testing strategies. All data analysed in this study was 
simulated using the defined parameters and is avail-
able in the online supplemental data file. Statistical 
analyses were conducted in Microsoft Excel (V.16.65). 
Cost- effectiveness analysis and figure generation were 
performed in RStudio (V.2022.7.02).

Simulated population
COVID- 19 self- testing strategies were modelled in three 
different demographic contexts—Brazil, Georgia and 
Zambia. The school structure and school- going popu-
lation in each country differs (table 1). The model was 
simulated for a population of one million and results 
were extrapolated to the total population of each country. 
Epidemic context considerations included the effective 

reproductive number (Rt; 0.9, 1.2, 1.5, 2.0), vaccination 
coverage (10%, 50%, 80%) and vaccine effectiveness 
(30% protective against infection and 70% protective 
against severe disease, or 70% protective against infection 
and 90% protective against severe disease).18–20

Modelling scenarios
The agent- based model and relevant population param-
eters are detailed in online supplemental table S1.15–17 
The underlying population- level symptomatic COVID- 19 
testing rate was parameterised to that of each country—30 
tests per 100 000 population per day in Brazil, 50 in 
Georgia and 10 in Zambia (June 2022).5 When commu-
nity members in the simulation test positive, 50% enter 
self- isolation, of which 86% complete a full 7 days.15–17 We 
assumed 100% compliance with testing and self- isolation 
within the school- going population for those who test 
positive, as a member of the school- going population 
who tests positive cannot return before 7 days. Individuals 
with a true infection who falsely test negative do not enter 
self- isolation and continue to contribute to SARS- CoV- 2 
transmission within schools and the community. No other 
intervention measures aside from testing and self- isolation 
were considered in the model. We assessed the impact in 
terms of the total true, absolute number of infections, 
deaths and symptomatic days within the school popu-
lation and overall community. The absolute number of 
infections and symptomatic days were simulated in each 
scenario, while the number of deaths were calculated as 
7% of severe infections—defined as infections requiring 
hospitalisation.21 The probability of severe infection was 
age dependent and is further detailed in online supple-
mental file 2.

In addition to a baseline level of symptomatic testing in 
the community, we simulated:
1. Symptomatic testing of all teachers.
2. Symptomatic testing of all teachers and students.

Table 1 School- going and population level parameters 
(further detailed in online supplemental table S1)

Parameter Brazil Georgia Zambia

Total population 
size26

212 600 000 3 990 000 18 380 000

Students 39 100 000 567 000 4 100 000

Teachers 2 100 000 73 000 111 000

Per cent of 
population in 
schools

19.4% 16.1% 22.8%

Student–teacher 
ratio

17–20 8 42

Class size 20–26 20 37

Number of 
schools

383 985 310

Average school 
size (number of 
students)

400–500 135 700
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Then, in addition to symptomatic testing of teachers or 
teachers and students:
3. Asymptomatic testing of teachers at 5%, 20%, 40% or 

100% of schools.
 – One time per 2 weeks, one time per week or two 

times per week.
4. Asymptomatic testing of teachers and students at 5%, 

20%, 40% or 100% of schools.
 – One time per 2 weeks, one time per week or two 

times per week.
5. Asymptomatic testing of contacts of positive cases.

Ag-RDT sensitivity
A viral load trajectory associated with SARS- CoV- 2 PCR 
cycle threshold (Ct) values was used to determine 
Ag- RDT sensitivity by day of infection.22 Ag- RDT sensi-
tivity varied from 20.9% when the Ct is above 30, up to 
96.5% when the Ct value is below 20 (online supple-
mental table S1).23

Cost-effectiveness analysis
The simulation model allowed for the analysis of the rela-
tive performance, with respect to infections prevented, 
of the school- based self- testing strategies, across a range 
of epidemic scenarios, which were then assessed for 
their cost- effectiveness in an economic evaluation. The 
total cost to distribute one self- test kit in a school, from 
the funder perspective, was assumed to be US$2.50. 
This includes a purchasing cost of US$1.00 per test kit, 
which comprises 40% of the total distribution cost.24 25 
The funder is assumed to be the implementer of the 
self- testing strategy. The total number of true school 
infections averted, under the self- testing strategies, was 
used as the effect measure in the analysis. This measure 
is most relevant to the school- going population, as the 
self- testing strategies can directly influence the inci-
dence of school infections, reducing absenteeism. Other 
outcomes, such as deaths averted, were incurred by agents 
in the community outside of the school- going popula-
tion and were not used in the cost- effectiveness analysis. 
The total cost and incremental cost- effectiveness ratio 
(ICER) were calculated for each scenario, under every 
epidemic context, equalling 648 scenarios per country. 
The ICER in this analysis represents the cost to prevent 
one additional infection by comparison to the next least- 
costly scenario. This can be interpreted as a measure of 
efficiency, as scenarios with lower ICERs are more effi-
cient at preventing additional infections than scenarios 
with higher ICERs.

Patient and public involvement
This modelling analysis aims to expand access to 
COVID- 19 testing for the public through influencing 
global policy. However, as a mathematical modelling anal-
ysis, this study did not involve patients and the public was 
not involved in the design, conduct or dissemination of 
the research.

RESULTS
For the 3 different country contexts, we analysed 11 
SARS- CoV- 2 Ag- RDT self- testing strategies in the school- 
going population, at 3 frequencies, across 24 different 
epidemic conditions. Self- testing strategies in schools 
are more effective at reducing the number of infections 
within the school population than in the broader commu-
nity. The impact varies depending on the epidemic condi-
tions and country. Targeting testing strategies to both 
students and teachers, versus only teachers, is more effec-
tive at reducing the total number of infections in both 
the school and community populations. When analysing 
the cost- effectiveness, 5 out of 11 strategies consistently 
appeared on the cost- effectiveness frontier (indicating 
the potential to be cost- effective) across country and 
epidemic contexts.

Symptomatic testing is most effective when targeted to 
both teachers and students and can prevent 30.9%–69.3% 
of school infections in Brazil, 33.7%–64.5% in Georgia and 
22.8%–75.5% in Zambia, across all epidemic scenarios, 
over a 90- day period (figure 1). Additionally, symptom-
atic testing of all teachers and students can prevent 
anywhere between 4000 and 77 200 symptomatic days per 
100 000 teachers and students in Brazil, 2030–80 900 in 
Georgia and 15 800–1 07 800 in Zambia, depending on 
the epidemic conditions. Extending to the community, 
this strategy can prevent up to 46.7% of community infec-
tions and 47.6% of deaths in Brazil, 31.0% of community 
infections and 34.6% of deaths in Georgia and 55.7% of 
community infections and 57.8% of deaths in Zambia. 
The percent of community infections averted is shown in 
figure 2, while the percent of deaths averted can be found 
in online supplemental figures S1 and S2.

Asymptomatic testing is most effective when targeted to 
teachers and students at 100% of schools and can prevent 
40.5%–90.7% of infections within the school population 
in Brazil, 47.8%–91.2% in Georgia and 31.2%–92.5% 
in Zambia across all epidemic conditions and testing 
frequencies (figure 1). This strategy can prevent 5300–
154 200 symptomatic days per 100 000 teachers and 
students over 90 days in Brazil, 3000–135 700 in Georgia 
and 33 000–196 700 in Zambia, depending on the 
epidemic conditions. At the community level, up to 62.8% 
of community infections and 65.7% of deaths in Brazil, 
55.4% of community infections and 56.5% of deaths in 
Georgia and 76.6% of community infections and 78.6% 
of deaths in Zambia can be prevented (figure 2).

Symptomatic and asymptomatic testing of students 
and teachers prevents the greatest proportion of both 
school and community infections when transmission 
levels are low to moderate (Rt=0.9, 1.2), and vaccination 
coverage is high (50%–80%). Conversely, testing prevents 
the smallest proportion of infections when transmission 
levels are high (Rt=2.0). When transmission is high, 
though testing may prevent more absolute infections 
than when transmission is low, this represents a smaller 
proportion of the overall total infections. Testing does 
not always prevent community infections or deaths under 
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Figure 1 Per cent of infections averted among students and teachers over a 90- day period in Brazil (A,D,G), Georgia (B,E,H) 
and Zambia (C,F,I). Varied by effective reproductive number (Rt) (right), frequency of testing (top) and vaccination coverage (left), 
when vaccine effectiveness is 30%/70%.
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Figure 2 Per cent of community infections averted over a 90- day period in Brazil (A,D,G), Georgia (B,E,H) and Zambia (CFI). 
Varied by effective reproductive number (Rt) (right), frequency of testing (top) and vaccination coverage (left), when vaccine 
effectiveness is 30%/70%.
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every epidemic scenario. When vaccines are 70% effective 
at preventing infection and 90% effective at preventing 
severe disease, the impact of testing both teachers and 
students on community level infections is improved at 
higher levels of transmission (online supplemental figure 
S3). Across all testing strategies, the greatest effect was 
observed in Zambia.

Within the asymptomatic testing strategies, testing 
frequency has a smaller impact than increasing the 
proportion of schools undergoing testing, but this impact 
depends on the epidemic and vaccination conditions. 
Testing at a biweekly frequency prevents fewer infections 
than weekly or two times per week testing, and the magni-
tude of this difference increases as the level of community 
transmission increases (figures 1–2).

Symptomatic testing of only teachers, of teachers and 
students, asymptomatic testing of teachers and students at 
5% and 100% of schools (biweekly frequency) and asymp-
tomatic contact testing were the scenarios that appeared 

on the cost- effectiveness frontier most frequently. ICERs 
for all three countries are shown Rt 0.9 and 1.5 in 
figures 3 and 4, while Rt 1.2 and 2.0 are shown in online 
supplemental figures S4 and S5. Total costs of these strat-
egies are shown by country in online supplemental table 
S2. Symptomatic testing of teachers and students, as well 
as asymptomatic testing two times per week of teachers 
and students at 100% of schools, were found to be on the 
cost- effectiveness frontier for every country and epidemic 
context. Asymptomatic testing at 100% of schools once- 
weekly was on the frontier for every context in Georgia but 
was less effective at high levels of Rt in Brazil and Zambia; 
it appeared on the frontier for 21 out of 24 contexts in 
Brazil, and for 20 in Zambia. Biweekly asymptomatic 
testing at 100% of schools was generally less cost- effective 
across contexts. Testing of asymptomatic contacts on top 
of symptomatic testing for teachers and students was 
always cost- effective in Brazil and Zambia, but for only half 
of the scenarios in Georgia. Of testing strategies on the 

Figure 3 Incremental cost- effective ratios of COVID- 19 self- testing strategies in the school population that appeared 
on the cost- effectiveness frontier most frequently by country at an Rt of 0.9 and vaccine effectiveness of 30%/70%. D is 
dominated and WD is weakly dominated, representing scenarios not on the cost- effectiveness frontier. ICER, incremental cost- 
effectiveness ratio. All ICERs reported in US$.
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frontier, asymptomatic testing of teachers and students at 
5% of schools (biweekly) appeared the most infrequently, 
predominantly in the Georgian context, and was less 
cost- effective than asymptomatic contact testing, with a 
greater overall cost. Symptomatic testing of only teachers 
had the lowest ICERs and overall cost, but prevented the 
fewest number of infections.

DISCUSSION
Ag- RDT self- testing is an important component of 
the pandemic response and may help to mitigate the 
continued spread and potential emergence of novel 
SARS- CoV- 2 variants. In this analysis, we have shown the 
potential benefit of offering school- based testing strat-
egies within the school environment itself and for the 
broader community to reduce transmission. Symptomatic 
testing of both teachers and students, without the addi-
tion of asymptomatic screening, is the most cost- effective 
strategy.

Restricting routine asymptomatic testing to a smaller 
proportion of schools (5%–40%) in addition to symp-
tomatic testing at all schools resulted in marginal gains in 
additional infections averted compared with symptomatic 
testing alone—but came at significantly increased costs. 
Alternatively, asymptomatic testing can be improved by 
targeting the exposed contacts of known cases, increasing 
the probability of identifying a positive case. However, 
adding any level of asymptomatic screening on top of 
symptomatic testing alone incurs significant cost, limiting 
feasibility for implementation in many settings.

While asymptomatic testing for teachers and students 
at 100% of schools consistently appeared on the cost- 
effectiveness frontier, it is important to consider not 
only the cost of the ICER, but also the total cost of the 
programme. The ICER represents the cost to prevent 
one additional infection by comparison to the next 
least- costly scenario. The ICERs for 100% asymptom-
atic testing range from US$278 to US$39 813 across the 

Figure 4 Incremental cost- effective ratios of COVID- 19 self- testing strategies in the school population that appeared on the 
cost- effectiveness frontier most frequently by country at an Rt of 1.5 and vaccine effectiveness of 30%/70%. ICER, incremental 
cost- effectiveness ratio.
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different epidemic conditions and countries. Symptom-
atic testing has ICERs ranging from US$2.00 to US$19.03, 
10–1000 times less than that of the asymptomatic testing. 
In between these two ranges were the ICERs for testing 
of asymptomatic contacts (US$197–US$1749). The total 
cost of these testing strategies is relative to the size of 
the school population within each country. Symptomatic 
testing of teachers and students costs 30–100 times less 
than 100% asymptomatic testing or 10 times less than 
asymptomatic contact testing. Although asymptomatic 
self- testing strategies prevent more infections than symp-
tomatic testing alone, the high ICERs indicate an inef-
ficient use of funding, regardless of available resources. 
In all settings, but particularly in the context of limited 
resource settings, symptomatic testing for teachers and 
students would be the most efficient and feasible school- 
based testing strategy to reduce COVID- 19 infections. 
The implementation of such a strategy, however, will be 
ultimately determined by the funders and their interpre-
tation of the available evidence.

Epidemic conditions and country contexts had the 
greatest influence on the impact of school self- testing strat-
egies. At both the community and school level, Zambia 
had the greatest reduction in infections, peaking at low 
levels of transmission (Rt=0.9). Zambia has a younger 
population distribution, with a higher proportion of 
the population in school, as well as larger household, 
school and classroom sizes. Therefore, when infections 
are prevented in the school- going population, the poten-
tial for onward transmission within the community is 
reduced. These results indicate school- based self- testing 
could be most effective if implemented prior to the start 
of an epidemic wave in settings with a large school- going 
population, highlighting the need for routine surveil-
lance at the community level and preparedness plans with 
defined triggers for action.

Beyond improving the health and well- being of 
students, teachers and community members, self- testing 
strategies reduce the number of symptomatic days expe-
rienced by the school- going population, limiting the time 
lost from the classroom after nearly 2 years of disrupted 
learning. Symptomatic testing alone can prevent thou-
sands of absences among students and teachers during 
the height of an epidemic wave. Indeed, schools may 
therefore be a prime focal point within communities for 
the distribution of COVID- 19 self- tests to improve access 
and increase testing uptake. In the future, rapid diag-
nostic technologies with combined detection of COVID- 
19, influenza and respiratory syncytial virus that have 
satisfactory performance and are quality assured may be 
useful in schools for symptomatic screening especially in 
countries that experience seasonal respiratory illness, at 
the start of the season to mitigate the effects of respiratory 
illnesses more broadly.

To the best of our knowledge, this study is the first of its 
kind to simultaneously conduct a modelling simulation 
and economic analysis of COVID- 19 self- testing strategies 
in schools across multiple country contexts. Some studies 

have modelled COVID- 19 screening strategies in schools, 
but without analysing the impact on the broader commu-
nity, while others have evaluated school- based screening 
strategies implemented in the real world.8–14 Asgary et al 
developed an agent- based model to evaluate school- based 
COVID- 19 testing strategies with the ability to change 
the number of classes and class sizes for the simulation 
of one school.13 They predicted a greater impact on the 
number of infections prevented when the number of 
tests per class and the frequency of testing is increased. 
Torneri et al developed an individual- based simulation 
model to assess the impact of symptomatic screening, 
reactive screening (of an entire class with a symptomatic 
individual) and repetitive screening of the entire school 
once per week.14 In their simulation, repetitive screening 
performed the best, reducing the attack rate more than 
reactive screening or symptomatic testing, which was 
the least effective. However, Torneri et al assumed 80% 
of infections to be asymptomatic, making symptom-
atic testing quite ineffective in their model. Our model 
assumes an asymptomatic rate of 10%–50%, depending 
on age. While our modelling results agree that more 
frequent asymptomatic testing prevents a greater number 
of infections, we conclude symptomatic testing to be a 
more cost- effective testing strategy under a wide range of 
epidemic conditions.

Our analysis comes with several important limitations. 
The model was parameterised to the original Omicron 
variant (BA.1), so may not capture the behaviour of 
future variants with respect to their transmissibility or 
vaccine responsiveness. To address this, we varied vacci-
nation coverage and effectiveness, which is representative 
of overall population immunity, to increase the robust-
ness of the modelling results. True underlying popula-
tion immunity may vary more widely, waning with time, 
but then again increasing following an epidemic wave 
or vaccination campaign. The minimum age of vacci-
nation in the simulated populations is 18 years, but 
many countries have authorised vaccines for age groups 
younger than 18 years. The model may therefore overes-
timate how readily the virus would spread in the school 
setting. We did not consider other mitigation strategies, 
such as masking or social distancing, as these measures 
have been widely discontinued. We did assume 100% 
compliance with testing and self- isolation (from school) 
for the school- going population, indicating the maximal 
potential impact, and may be overestimating the benefit 
of a programme in the real world. The transmissibility 
represented in the model hinges largely on density and 
contact rate assumptions, as well as compliance with 
self- isolation in the community more broadly, making 
it context dependent. Additionally, the total cost to 
offer a COVID- 19 self- test in schools was estimated to be 
US$2.50, but depending on the purchasing cost or distri-
bution modality, this could vary by country. Varying the 
cost of the test may change the magnitude of the ICER 
but not the magnitude of difference between scenarios, 
so our conclusions are unlikely to change with a different 
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self- test kit cost. Finally, the impact of school- based 
testing is highly dependent on context—represented 
here by the defined parameters—and the true feasibility 
of such a programme would be decided by funders and 
implementers.

In conclusion, symptomatic testing for teachers and 
students in primary and secondary schools can be a cost- 
effective mechanism to reduce COVID- 19 infections 
under a variety of conditions both within schools and in 
the community—in addition to underlying community- 
based symptomatic testing. School- based self- testing could 
be more impactful—in terms of infections prevented—in 
settings with a younger population distribution to reach 
a larger proportion of the population. Our results show 
that schools may be one cost- effective distribution point 
for COVID- 19 self- tests that could be combined with other 
community focal points—such as workplaces, health 
centres or mass gatherings—to systematically increase 
testing access and reduce the community spread of SARS- 
CoV- 2. Pre- emptively distributing tests to central points 
in communities for more convenient access to testing 
coupled with messaging to promote prompt testing, espe-
cially when symptomatic prior to epidemic waves, would 
be an effective strategy as we look for new ways to prevent 
the spread of seasonal respiratory infections and remain 
prepared for future pandemics.
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