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a b s t r a c t 

Objectives: New Caledonia, a former zero-COVID country, was confronted with a SARS-CoV-2 Delta variant 

outbreak in September 2021. We evaluate the relative contribution of vaccination, lockdown, and timing of 

interventions on healthcare burden. 

Methods: We developed an age-stratified mathematical model of SARS-CoV-2 transmission and vaccination cali- 

brated for New Caledonia and evaluated three alternative scenarios. 

Results: High virus transmission early on was estimated, with R 0 equal to 6.6 (95% confidence interval [6.4-6.7]). 

Lockdown reduced R 0 by 73% (95% confidence interval [70-76%]). Easing the lockdown increased transmission 

(39% reduction of the initial R 0 ); but we did not observe an epidemic rebound. This contrasts with the rebound in 

hospital admissions ( + 116% total hospital admissions) that would have been expected in the absence of an inten- 

sified vaccination campaign (76,220 people or 34% of the eligible population were first-dose vaccinated during 

1 month of lockdown). A 15-day earlier lockdown would have led to a significant reduction in the magnitude of 

the epidemic (-53% total hospital admissions). 

Conclusion: The success of the response against the Delta variant epidemic in New Caledonia was due to an 

effective lockdown that provided additional time for people to vaccinate. Earlier lockdown would have greatly 

mitigated the magnitude of the epidemic. 
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Totaling millions of deaths and even more hospitalizations, the

OVID-19 pandemic has taken a terrible toll on global health [1] . World-

ide, public health authorities have been faced with the daunting re-

ponsibility of stopping or at least slowing down the transmission of

he virus to best protect the population. At the start of the pandemic,

nitial national response strategies have been broadly categorized as

limination (also labeled zero-COVID) strategies i.e., maximum action

o exclude disease and eliminate community transmission; or mitiga-

ion strategies i.e., “flatten the peak ” to avoid overcrowding of health

ervices [ 2 , 3 ]. To implement their response, countries have made ex-

ensive use of non-pharmaceutical interventions (NPIs), such as manda-

ory mask-wearing and physical distancing (including gathering bans),
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chool, restaurant and non-essential shop closures, quarantine systems,

tay-at-home orders, or curfews. Several of these measures were applied

ogether under the term lockdown. 

New Caledonia, a French Pacific Island territory, offers an interest-

ng illustration of the zero-COVID approach. Upon the discovery of few

mported (original strain) and local cases (Alpha variant), lockdowns

ere implemented for 1 month in March 2020 and March 2021. In both

ases, the approach successfully eliminated the epidemic and the terri-

ory was declared COVID-19-free [ 4 , 5 ]. The lockdown consisted of the

losure of all places of social life, a stay-at-home order for all persons

ot carrying out “essential work ”, one authorized outing lasting at most

 hour per day within a 1 km radius from home, and mandatory mask-

earing outside home. Once the lockdown was lifted, border closures

or non-residents and mandatory quarantine on entry for residents were
ne 2023 
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Figure 1. Daily reported COVID-19 cases, vac- 

cine coverage, and interventions timeline in 

New Caledonia from March 2021 to January 

2022. Daily COVID-19 reported cases (pink 

crosses) and vaccine coverage in the eligible 

population (i.e., ≥ 12 years old) (green solid 

line). 
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nstituted, placing the territory in a so-called sanitary airlock. Apart

rom that, no particular control measures against COVID-19 were im-

lemented; the whole territory’s strategy was based on maintaining the

ntegrity of the sanitary airlock from April 2020. 

On September 06, 2021, a breach in the sanitary airlock was discov-

red when three unrelated cases admitted the previous days with severe

neumopathy (the first on September 3) tested positive for SARS-CoV-2

nfection. A lockdown was announced that evening and implemented

he next day, September 7. At that time, 39% of the eligible population

ad received at least one vaccine dose. In parallel, population screen-

ng was intensified, uncovering a large epidemic of locally transmitted

ases ( Figure 1 ). During the following week of September 13, hospi-

al admissions escalated despite the lockdown with an average of 47

dmissions per day. Thereafter, reported cases and daily hospital ad-

issions steadily declined. During the 1-month lockdown period, from

eptember 7 to October 10, 2021, 76,220 eligible people (34%) received

heir first vaccine dose over a total population of ∼271,000 inhabitants.

ew Caledonia authorities eased the lockdown on October 11 ending

he stay-at-home order and resuming most work activities. This period

fter October 11 is known as the partial lockdown. During this period,

n average of six hospital admissions per day was reported. After the

artial lockdown ended no rebound was noted. 

In this study, we report the experience of the COVID-19 epidemic

ue to the Delta variant in New Caledonia, South Pacific. Our objec-

ive was to assess the impact of the lockdown and the intensification

f the vaccination campaign on the control of the epidemic. We also

nvestigated how the timing of lockdown implementation affected the

mplitude of the epidemic wave. This was achieved with a mathemati-

al modeling of the epidemic that specifically described the impact on

he health services system in terms of hospital admissions and intensive

are unit (ICU) occupancy. 

esults 

alibration and parameters estimation 

The model satisfyingly described the dynamics of daily hospital ad-

issions ( Figure 2 b), which was our calibration target. Using daily prob-

bility of ICU admission given hospitalization estimates, we were able

o statistically reconstruct ICU admissions ( Figure 2 c) and ICU bed oc-

upancy ( Figure 2 d). The model simulation shows that the daily cases
65 
eaked at approximately 3000 around September 15 th , a week after

he lockdown was implemented ( Figure 2 a). Details regarding infections

nd hospitalization in each age group can be found in Supplementary

igure 1. 

Table 1 summarizes our estimates for the basic reproduction num-

er 𝑅 0 and the impact of the successive interventions relative to the

re-lockdown 𝑅 0 . Pre-lockdown, 𝑅 0 was estimated at 6.6 (95% con-

dence interval [CI: 6.4-6.7]). We estimated that the implementation

f the lockdown dropped the 𝑅 0 to 1.8; 73% reduction (95% CI [70-

6%]). After the lockdown, during the next period of partial lockdown

.e., when most work activities resumed and the stay-at-home order was

ept only during weekends, the 𝑅 0 increased to 4.0; a 39% reduction

ompared to pre-lockdown 𝑅 0 . Ending the partial lockdown, i.e., end-

ng the stay-at-home orders on the weekends, had little effect on 𝑅 0 ,

t increased to 4.5. Estimated/calibrated parameters are presented in

upplementary Table 1. 

lternative scenarios 

We then examined counterfactual modeling scenarios describing

ow the trajectory of this epidemic would have changed if different

nterventions had been implemented. In these scenarios, we used the

verage probability of ICU admission given hospitalization (estimated

ver the epidemic) to reconstruct ICU dynamics, rather than using daily

robabilities as in Figure 2 . The impact on ICU dynamics of using daily

ersus average probabilities of ICU admission given hospitalization is

hown in Supplementary Figure 2. The goal was to circumvent the mod-

ling of context-specific ICU admissions practices, as they are not well

eneralizable to alternative scenarios (refers to Discussion). 

If no lockdown (nor other non-pharmaceutical measures) had been

mplemented (scenario A), twice as many hospital admissions would

ave been expected and the peak of ICU bed occupancy would have been

hree times higher than that observed, a catastrophic scenario ( Figure 3 ,

able 2 ). Note that in this scenario, we make the assumption that peo-

le would have not reduced their contacts (refers to Discussion). If no

accines had been administered from the beginning of the lockdown to

he end of the simulation (scenario B), we would have expected an epi-

emic rebound at the easing of the lockdown (October 11) and twice as

any hospital admissions as in our baseline scenario. The peak in ICU

ed occupancy would have been of the same order as in baseline. Lastly,

f there had been early detection of the virus achieved through compre-



N. Ochida, M. Dupont-Rouzeyrol, P.-H. Moury et al. IJID Regions 8 (2023) 64–70 

Figure 2. Comparison of the model simulations to observations. Panel A shows simulated daily infections, panel B shows simulated daily hospitalizations, panel 

C shows daily ICU admissions, and panel D shows the projected ICU bed occupancy; ICU dynamics have been simulated using daily ICU admission probabilities 

given hospitalization. Observational data points are marked with crosses. Solid lines and shaded areas represent the mean simulation and the 2.5 th -97.5 th percentile 

range, respectively, from 1000 simulations using 1000 random samples from the posterior distribution of parameters estimated through Markov Chain Monte Carlo 

sampling. Dashed lines represent the maximum number of ICU beds under normal (orange) and COVID (red) regimes. ICU: intensive care unit. 

Table 1 

Estimates of the basic reproduction number 𝑅 0 at different periods. 

Period Measures 𝑅 0 95% confidence interval Reduction 

Pre-lockdown No measure. 6.6 6.4-6.7 Baseline 

Lockdown School closures, closing of stores except for the first necessity stores, obligation to 

remain at home for “non-essential ” workers, 1 hour’s outing per day within a 1 km 

radius of the domicile with a mandatory mask. 

1.8 1.5-2.0 73% 

Partial lockdown Work resumes during the week and stay-at-home order on weekends, re-opening of 

schools and stores with a gauge, curfew from 10 pm to 5 am, family gatherings of up to 

10 people authorized on weekdays, vaccine pass in restaurants. 

4.0 3.5-4.6 39% 

End of lockdown Curfew from 10 pm to 5 am, family gatherings of up to 30 people authorized on 

weekdays, vaccine pass in restaurants. 

4.5 3.9-5.1 32% 

66 
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Figure 3. Alternative scenarios compared to observations of hospital admission and ICU bed occupancy. Panel A shows simulated daily hospital admissions and 

panel B shows daily ICU bed occupancy (simulated using the average probability of ICU admission given hospitalization over the entire epidemic). Scenario A: purple, 

no lockdown is implemented; Scenario B: orange, no vaccination after lockdown; Scenario C: blue, 2 weeks earlier implementation of the lockdown and associated 

measures. The mean baseline simulation (no scenario) is represented by a dotted green line. Solid lines and shaded areas represent the mean simulation and the 

2.5 th -97.5 th percentile range, respectively, from 1000 simulations using 1000 random samples from the posterior distribution of parameters estimated via Markov 

Chain Monte Carlo sampling. Dashed lines represent the maximum number of ICU beds under normal (orange) and COVID (red) regimes. ICU: intensive care unit. 

Table 2 

Estimates of hospital admissions and ICU occupancy according to three dif- 

ferent scenarios. 

Total number of hospital admissions Peak ICU bed occupancy 

Baseline 1415 66 

Scenario A 3087 ( + 118%) 202 ( + 206%) 

Scenario B 3053 ( + 116%) 78 ( + 18%) 

Scenario C 663 (-53%) 18 (-73%) 
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ensive surveillance, enabling the timely implementation of measures

uch as a lockdown initiated 2 weeks earlier (scenario C), it would have

ignificantly curtailed the epidemic and delayed hospital admissions un-

il the easing of the lockdown restrictions. Hospital admissions would

ave been cut by half and, at the peak, ICU bed occupancy would have

emained well below maximum capacity. 

iscussion 

In this study, we characterized the Delta variant epidemic in New

aledonia. Using mathematical modeling and alternative scenarios, we

stimated the relative contribution of the lockdown and vaccination on

he control of the epidemic. We also assessed how the timing of the

ockdown impacted healthcare burden. 

Results showed that before the lockdown, there was high viral trans-

ission with 𝑅 0 around 6.6. This value places New Caledonia in the

igh range of Liu et al.’s review of five estimates of the Delta variant

n different provinces of China and UK (mean; 5.08; range 3.2-8) [6] .

ontrary to these locations, the epidemic of the Delta variant in New

aledonia was the first active circulation of SARS-CoV-2 in the territory

nd went initially unnoticed by the surveillance network and therefore

y the population. Epidemiological investigations estimated that viral

ntroduction most likely occurred on August 10, 2021. Thus SARS-CoV-

 circulated in New Caledonia for 1 month before its discovery. Then,

he implementation of the lockdown resulted in a 73% reduction of 𝑅 0 .

ur estimates are consistent with those obtained for lockdowns imple-
67 
ented in Europe during the first pandemic wave in spring 2020 [7–9] .

PIs implemented during the lockdown in New Caledonia included

chool and workplace closures and restrictions on gatherings (private

r public); these interventions have already been identified as effective

n other countries [ 6 , 10–14 ]. Our results provide further evidence of the

ffectiveness of NPIs to reduce SARS-CoV-2 spread. 

After the lockdown was initiated, hospital admissions declined

apidly, contrary to our alternative scenario A where no lockdown is im-

lemented. This scenario results in twice as many hospital admissions

nd three times the peak occupancy of ICU beds. A catastrophic sce-

ario where the majority of patients would have suffered from severely

egraded quality of care likely resulting in high in hospital mortality.

n reality, as hospital admissions declined rapidly, the lockdown was

ased into a partial lockdown after 1 month. The easing of the lock-

own did not result in an epidemic rebound, in contrast to our model

rediction for the alternative scenario B, characterized by no vaccina-

ion campaign after the lockdown. Scenario A and B highlight the ben-

ficial interaction between the vaccination campaign and the effective

eduction of contacts due to the lockdown in New Caledonia. Finally,

cenario C involves implementing the lockdown 2 weeks earlier. In this

cenario, the epidemic is mostly under control, highlighting the benefi-

ial effects of early detection and response, as already shown elsewhere

 15 , 16 ]. Scenario C is a strong argument for strengthening surveillance

ystems, particularly in the context of Pacific Island Countries and Ter-

itories (PICTs) [17] . 

In the alternative scenarios, the probability of ICU admission given

ospitalization ( 𝑝 𝐼𝐶𝑈 ) was set by using the average probability over

he entire epidemic. In reality, the probability of ICU admission var-

ed over time because it depended on physician input. Indeed, we saw

 decrease in the estimated probability of ICU admission as the ICU ap-

roached its maximum bed occupancy capacity (Supplementary Figure

). Concurrently, it was also a time of high hospital admissions (Sup-

lementary Figure 4). In the post-peak phase of hospital admissions, a

eriod characterized by reduced hospital admissions, we observe that

he daily estimates of the probability of ICU admission given hospital-

zation, are more irregular, contingent on patient arrival (Supplemen-
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o  
ary Figure 4). Epidemiological context was different than the pre-peak

eriod; the pressure on ICU services lessened, enabling a more flexible

dmission policy in the ICU. Additionally, the demographic profile of the

atients may have also evolved, potentially encompassing late arrivals

t the hospital. As the variations of daily ICU admission probabilities

epend on the magnitude of the epidemic, i.e., number of hospital ad-

issions and the resources of the hospital at a given time, the daily ICU

stimates that are context-dependent are not well generalizable for the

lternative scenarios. This is why 𝑝 𝐼𝐶𝑈 has been set at the average over

he whole period in the alternative scenarios. For reference, Supplemen-

ary Figure 5 shows the alternative scenarios using the estimated daily

 𝐼𝐶𝑈 . In Supplementary Figure 2, we see that when using the average

 𝐼𝐶𝑈 , the peak in daily ICU bed occupancy estimates exceeds the ob-

ervations and in particular the total ICU bed capacity. It is a reminder

hat the capacity ceiling for intensive care beds was reached during this

pidemic and that the ICU admission regime was disrupted as a result. 

A possible limitation in this study involves scenario A in which no

ockdown is implemented. It is very likely that the size of the epidemic is

verestimated because this scenario assumes that people would not have

educed their social contacts. Presumably, in the event of a large-scale

pidemic with increased hospitalizations and deaths, people would have

hanged their behavior. However, this scenario is worth considering be-

ause it informs us that the drastic decrease in social contacts due to the

ockdown gave individuals time to vaccinate themselves and thus be pro-

ected against the severe effects caused by SARS-CoV-2 infection. A final

ossible limitation is that we did not model transmission heterogeneities

hat emerge from socio-demographic differences between individuals,

uch as age, employment, or ethnicity. Concerning age, in the absence

f data, we assume homogeneous contacts among age groups. We refrain

rom using a specific age contact matrix, although such matrices have

een used in COVID-19 modeling studies [ 7 , 11 , 12 , 16 , 18 , 19 ]. However,

e assume that intergenerational contacts are rather homogeneous in

ew Caledonia because of the Oceanian lifestyle. Because vaccination

nd hospitalization risk are explicitly age-dependent in the model, we

ope that this may help mitigate this bias. New Caledonia as a PICTs has

 multicultural population composed of Melanesian, Polynesian, Asian,

nd European communities; for future research, it would be interesting

o study existing heterogeneities in intra and inter-community contact

etworks or in access to healthcare. Eventually this social context could

e integrated in epidemiological models leading to more tailored pub-

ic health decisions [ 20 , 21 ]. A population-based prevalence survey of

OVID-19 and/or an analysis of hospitalizations could be a first step in

tudying the burden of COVID-19 in different communities. 

In this study, we showed that in New Caledonia, the lockdown

reatly reduced SARS-CoV-2 transmission providing an additional de-

ay for a large part of the population to get vaccinated and acquire a

evel of protection against the virus. The combination of lockdown and

ntensification of the vaccination complemented each other in a power-

ul response strategy that slowed and contained the Delta variant epi-

emic. We also showed that if the measures had been implemented 2

eeks earlier, the epidemic would have been mostly under control. Like

ther PICTs such as New Zealand, Wallis and Futuna, or Vanuatu, New

aledonia was able to close its borders quickly and thus act on the con-

rol of intra-territorial transmission of SARS-CoV-2. This insular context,

he lockdown and the intensification of the vaccination campaign made

t possible, despite a very strong pressure on the health services, to avoid

ore severe alternative scenarios. 

aterial & methods 

odel description 

Based on Bosetti et al. [18] , we developed a deterministic aged-

tructured compartmental model of SARS-CoV-2 transmission and vac-

ination within the Susceptible-Exposed-Infectious-Recovered (SEIR)

ramework. The model divides the population into seven epidemiologi-
68 
al compartments; susceptible ( 𝑆), pre-infectious ( 𝐸1 ), presymptomatic

 𝐸2 ), mildly ill ( 𝐼𝑚𝑖𝑙𝑑), severely ill requiring hospitalization ( 𝐼ℎ𝑜𝑠𝑝 ),

ospitalized ( 𝐻). These compartments are further divided into four vac-

ination status and six age groups 0-11, 12-15, 16-49, 50-64, 65-74, and

5 + years old. New Caledonia’s population by age group is based on the

019 census [22] . Individuals transition between compartments at rates

hat are inverse of assumed epidemiological durations. We assume a 4-

ay mean incubation period ( 𝐸 1 → 𝐸 2 ) where individuals are infected

ut not infectious, followed by a 1-day mean presymptomatic infectious

eriod ( 𝐸 2 → 𝐼 𝑚𝑖𝑙𝑑 ∕ 𝐼 ℎ𝑜𝑠𝑝 ). Additionally, we assume a 3-day symptomatic

nfection duration, after which individuals either recover or are hospi-

alized if it is a severe case ( 𝐼 𝑚𝑖𝑙𝑑 → 𝑅 ∕ 𝐼 ℎ𝑜𝑠𝑝 → 𝐻). The four vaccination

tatus are based on a two-dose vaccination scheme: unvaccinated (no

ubscript), first-dose administered ( 𝑋 𝑉 0 ), first level of vaccine protec-

ion ( 𝑋 𝑉 1 ), and second level of vaccine protection ( 𝑋 𝑉 2 ). A diagram

f the model is presented in Supplementary Figure 6. Daily vaccina-

ions by age group in New Caledonia, as recorded by the Directorate

f Health and Social Affairs of New Caledonia, are used to populate

he first-dose administered compartment. We assumed that individuals

n the first-dose administered compartment (no protection yet) acquire

he first level of vaccine protection after a mean period of 14 days (i.e.,

 𝑉 0 → 𝑋 𝑉 1 ) and individuals in 1 st level of protection compartments

cquire a second level of protection after a mean period of 14 days

 𝑋 𝑉 1 → 𝑋 𝑉 2 ). Almost all vaccination in New Caledonia has been with

he Pfizer-BioNTech COVID-19 vaccine BNT162b2, as it was with a few

xceptions, the only vaccine distributed in New Caledonia. The vaccine

rotection effects on susceptibility (i.e., the probability of contracting

he virus upon a contact with an infectious individual), infectivity (i.e.,

he probability of transmitting the virus upon a contact with a suscep-

ible individual) and severity (i.e., the probability of hospitalization if

nfected) are presented in Supplementary Table 2. We assumed that in-

ection or vaccination conferred lasting immunity during the simulation

eriod. 

The probabilities of hospitalization following infection are influ-

nced by age and the number of comorbidities. These probabilities pre-

ented in Supplementary Table 3, were derived from data on the preva-

ence of comorbidities by age, as well as the probabilities of hospital-

zation given SARS-CoV-2 infection according to age and the number of

omorbidities in the French population, as presented by Kiem et al. [23] .

e assumed that the prevalence of comorbidities was comparable be-

ween New Caledonia and France in the 18-74 years old (Supplementary

able 5). We additionally assume no comorbidities for individuals aged

-17 and the same prevalence of comorbidities in the 75 + age group as

n the 65-74 age group in France. Using probabilities of hospitalization

iven infection based on age and the number of comorbidities (Supple-

entary Table 6), the presumed comorbidity prevalence in the popula-

ion of New Caledonia, and data from the 2019 New Caledonia census

22] , we calculated a weighted average of the probabilities of hospi-

alisation given infection for the age groups considered in our model

0-11, 12-15, 16-49, 50-64, 65-74, 75 + }. In calculating the averages,

e assumed that the probabilities of hospitalization in age groups 0-

1, 12-15, 16-29 in New Caledonia would be equivalent to those if age

roups 0-9, 10-17, 18-29 in France respectively. Finally, we adjusted

hese probabilities to take account of the increased severity of the Delta

ariant, assuming a 50% increase in all age groups except for the 75 +
18] . Considering studies that indicate a lower susceptibility of children

nd adolescents to SARS-CoV-2 infection, we assumed that children un-

er 12 years old and adolescents under 16 years old were 50% and 25%

ess susceptible to contracting the disease respectively [24] . 

stimation of epidemiological parameters and modeling the impact of 

nterventions 

We modeled the effect of implementing and easing the lockdown

n the basic reproduction number 𝑅 and the effective reproduction
0 
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T  
umber 𝑅 𝑖 of each period 𝑖 sequentially using a logistic function 𝑓 𝑖 as

ollow: 

𝑅 𝑖 ( 𝑡 ) = 𝑅 𝑖 −1 × 𝑓 𝑖 ( 𝑡 ) and 𝑓 𝑖 ( 𝑡 ) = 1 ± 

𝜂𝑖 

1+ 𝑒 −( 𝑡 − 𝑡 𝑖 +1 − 𝜈𝑖 ) 
. The sign of the sec-

nd term in 𝑓 𝑖 depends on whether it is a reduction (lockdown) or an

ncrease (lockdown easing). 𝜂𝑖 is the either the reduction or increase

ate parameter depending on the sign of the second term of 𝑓 𝑖 and 𝜈𝑖 is

he time when the decrease/increase is 50% effective. Given 𝑡 0 as the

tart of the simulation, 𝑡 1 as the date of the virus introduction, 𝑡 2 as

he date of the lockdown, 𝑡 3 as the partial lift date, 𝑡 4 as the full lift

ate and 𝑡 5 as the end of simulation date, we first calculate 𝑅 1 from 𝑡 1 
o 𝑡 3 as 𝑅 1 ( 𝑡 ) = 𝑅 0 × 𝑓 1 ( 𝑡 ) . Then using 𝑅 1 , we calculate 𝑅 2 from 𝑡 1 to

 4 as 𝑅 2 ( 𝑡 ) = 𝑅 1 × 𝑓 2 ( 𝑡 ) and using 𝑅 2 , we calculate 𝑅 3 from 𝑡 1 to 𝑡 5 as

 3 ( 𝑡 ) = 𝑅 2 × 𝑓 3 ( 𝑡 ) . 𝑅 3 which spans from the start of the virus introduc-

ion to the end, accounts for all successive decreases or increases in the

eproduction number. Thus, it is the effective reproduction number 𝑅 ( 𝑡 )
or the entire simulation. 

Estimates of initial 𝑅 0 , 𝜂1 the reduction rate parameter and 𝜈1 the

ime when lockdown is 50% effective, has been determined in a Bayesian

ramework. Assuming that hospital admissions followed a Negative Bi-

omial process, posterior distributions of the parameters were estimated

y Markov Chain Monte Carlo (MCMC) sampling. To update previous

nowledge, we used a likelihood function using observed hospitaliza-

ion admissions from the Gaston-Bourret Territorial Hospital Center

CHT), the only tertiary hospital in New Caledonia. 𝛼ℎ𝑜𝑠𝑝 was an ad-

itional parameter, the overdispersion parameter of the Negative Bi-

omial process. Then, to avoid compounding uncertainties when esti-

ating the subsequent parameters involved in the logistic increase of

 1 ; { { 𝜂2 , 𝜈2 } , { 𝜂3 , 𝜈3 } } , we used a least squares approach. The prior and

osterior distributions of parameters for the initial period, as well as

ubsequent parameters estimated using a least squares approach, are

resented in Supplementary Table 1. The 95% CI in our simulations are

ased on the 2.5 th and 97.5 th percentiles from 1000 random samples in

he posterior distributions of parameters estimated via the Bayesian ap-

roach. MCMC sampling was implemented with the PyMC module and

east squares with the S cipy module in Python 3.8. 

tatistical modeling of ICU admissions 

To model ICU admissions and ICU occupancy from simulated hospi-

al admissions, we first estimated the daily probabilities of ICU admis-

ion given hospitalization using observed hospital and ICU admissions

ata and 𝜏𝐻 𝑜𝑠𝑝 − 𝐼 𝐶𝑈 , the mean delay time from hospital admission to ICU

dmission. 

𝑤𝑠 is a vector of length 𝑛 + 1 that holds the probabilities of an indi-

idual, who will ultimately be admitted to the ICU, entering ICU on a

iven day i , from day 0 to day n . Each element of ws is calculated as: 

𝑤𝑠 𝑖 = 𝐹 ( 𝑥 2 ) − 𝐹 ( 𝑥 1 ) , 𝑥 1 = 

{ 

0 , if i = 0 
𝑖 − 0 . 5 , otherwise 𝑥 2 = 𝑖 + 0 . 5 and 𝑖 ∈

 0 , 1 , 2 , 3 , ..., 𝑛 − 1 , 𝑛 } . 𝐹 is the cumulative distribution function of the

xponential distribution parametrized with 𝜆 = 1∕ 𝜏ℎ𝑜𝑠𝑝 − 𝐼𝐶𝑈 . 
𝑑𝑠 is a vector which holds the daily count of individuals admitted to

he ICU under the assumption that every hospital admission results in

n ICU admission. Each element of 𝑑𝑠 is calculated as: 

𝑑𝑠 𝑖 = 

∑𝑖 

𝑗=0 adHos 𝑝 obs ,𝑗 ×𝑤𝑠 𝑖 − 𝑗 , 𝑖 ∈ { 0 , 1 , 2 , 3 , ..., 𝑛 − 1 , 𝑛 } and

𝑑𝐻𝑜𝑠𝑝 𝑜𝑏𝑠 the time series of hospital admissions. 

If 𝑎𝑑𝐼𝐶𝑈 𝑜𝑏𝑠 is the observed time series of ICU admissions, then the

robability of ICU admission given hospitalization for a given day 𝑖 is

xpressed as 𝑝𝐼𝐶𝑈 𝑖 = 

𝑎𝑑𝐼𝐶𝑈 𝑜𝑏𝑠,𝑖 

𝑑𝑠 𝑖 
. The actual observed number of ICU ad-

issions divided by the total ICU admissions possible. 

Finally given observed or simulated hospital admissions, daily ICU

dmissions are given by: 

dIC 𝑈 𝑖 = 

𝑖 ∑
𝑗=0 

adHos 𝑝 𝑗 × pIC 𝑈 𝑗 ×𝑤𝑠 𝑖 − 𝑗 
69 
For the alternative scenarios simulations, instead of daily probabili-

ies of ICU admission given hospitalization, we used average probability

f ICU admission given hospitalization over the entire epidemic, 𝜇𝑃 𝐼𝐶𝑈 ,

his was calculated as the total sum of ICU admissions divided by the

otal sum of hospital admissions (Supplementary Table 4). 

tatistical modeling of ICU bed occupancy 

𝑛 𝑠 is a vector of length 𝑛 + 1 that holds the probabilities that an in-

ividual admitted to the ICU will depart day 𝑖 . Each element of 𝑛 𝑠 is

alculated as: 

𝑛𝑠 𝑖 = 1 − 𝐺 ( 𝑥 ) , 𝑥 = 

{ 

0 . 5 , if i = 0 
i , otherwise . 𝐺 is the cumulative distribu-

ion function of the exponential distribution parametrized with 𝜆 =
∕ 𝜏𝐼𝐶𝑈− 𝑅 and 𝜏𝐼𝐶𝑈− 𝑅 is the mean duration of ICU occupancy. 

ICU occupancy is calculated as follow occIC 𝑈 𝑖 = 

∑𝑖 

𝑗=0 adIC 𝑈 𝑗 × 𝑛𝑠 𝑖 − 𝑗 .

𝜏𝐻 𝑜𝑠𝑝 − 𝐼 𝐶𝑈 and 𝜏𝐼𝐶𝑈− 𝑅 were obtained from anonymized data on the

ourse of patients admitted to ICU. 

ssessment of three alternative scenarios 

To assess the relative contribution of vaccination, lockdown and

ockdown implementation time, three alternative scenarios were settled

nd analyzed. 

Scenario A explores the contribution of the lockdown in the reduc-

ion of transmission of SARS-CoV-2, i.e., 𝑅 0 . In this scenario 𝑅 0 remains

t its pre-lockdown value from the date of the virus introduction until

he end of the simulation. 

Scenario B explores the contribution of vaccination to controlling the

pidemic. In this scenario, there is no vaccination in population from

ockdown until the end of the simulation. 

Scenario C investigates how the epidemic trajectory would have been

odified due to an earlier intervention. In this this scenario, we main-

ain the same durations for the lockdown and partial lockdown but shift

heir starting and ending dates 2 weeks earlier. 
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