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Abstract

Background. Mexico City Metropolitan Area (MCMA) has the largest number of COVID-19 (coronavirus disease
2019) cases in Mexico and is at risk of exceeding its hospital capacity in early 2021. Methods. We used the Stanford-
CIDE Coronavirus Simulation Model (SC-COSMO), a dynamic transmission model of COVID-19, to evaluate the
effect of policies considering increased contacts during the end-of-year holidays, intensification of physical distan-
cing, and school reopening on projected confirmed cases and deaths, hospital demand, and hospital capacity excee-
dance. Model parameters were derived from primary data, literature, and calibrated. Results. Following high levels
of holiday contacts even with no in-person schooling, MCMA will have 0.9 million (95% prediction interval 0.3–1.6)
additional COVID-19 cases between December 7, 2020, and March 7, 2021, and hospitalizations will peak at 26,000
(8,300–54,500) on January 25, 2021, with a 97% chance of exceeding COVID-19-specific capacity (9,667 beds). If
MCMA were to control holiday contacts, the city could reopen in-person schools, provided they increase physical
distancing with 0.5 million (0.2–0.9) additional cases and hospitalizations peaking at 12,000 (3,700–27,000) on
January 19, 2021 (60% chance of exceedance). Conclusion. MCMA must increase COVID-19 hospital capacity under
all scenarios considered. MCMA’s ability to reopen schools in early 2021 depends on sustaining physical distancing
and on controlling contacts during the end-of-year holiday.
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Background

The COVID-19 (coronavirus disease 2019) global pan-
demic reached an estimated 72.9 million confirmed cases
and caused 1.6 million deaths by December 17, 2020,
with recent incidence rising sharply in low- and middle-
income countries (LMICs), especially in Latin America.1

Older individuals and those with comorbidities face
greater risks of severe health outcomes and death.2

Appropriate and timely hospitalization and in-hospital
care can mitigate negative health outcomes.3 However,

even in highly developed countries, rapidly rising cases
have overwhelmed health systems, reducing their effec-
tiveness.4 Hence, governments in LMICs, like Mexico,
are deeply concerned about how their less well-resourced
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health care systems will cope with surges in COVID-19
cases.

In mid-December, Mexico had the 12th highest num-
ber of confirmed COVID-19 cases worldwide and the
second-largest number of COVID-19 deaths in Latin
America.1 Mexico’s crude case fatality ratio (CFR)—
9.1%—is the second-highest in the world.5 With a popu-
lation of more than 20 million residents, Mexico City
Metropolitan Area (MCMA) has the highest number
and incidence rate of confirmed COVID-19 cases in
Mexico and a crude CFR of 8.1%.6 This relatively high
crude CFR is likely due in part to a low testing capacity;
Mexico’s testing rate is one of the lowest in the world.7

In the coming months, non-pharmaceutical interven-
tions (NPIs) will remain the primary means of control-
ling the COVID-19 epidemic in LMICs, even as vaccines
are scaled up globally.8 However, because NPIs, espe-
cially business and school closures, can be highly disrup-
tive to economic and social well-being, particularly in
settings where many households lack computers and an
internet connection,9 their strictness must be balanced
against threats to a functioning health care system.
Traditional end-of-year holiday festivities, in which
many people gather and mix, present particular chal-
lenges for Mexico.10

To inform Mexico’s decision makers given transmis-
sion risks posed by increased end-of-year holiday con-
tacts and the possible health and health care impacts of

epidemic growth in early 2021, we provide model-based
assessments of policy alternatives. The assessments are
informed by primary data analyses. In addition to epi-
demic outcomes, we focus on estimating the risk that
MCMA’s hospital system will be saturated by early 2021
and the potential for policies and hospital capacity
expansion to mitigate this.

Methods

Overview

We implemented a model of MCMA’s COVID-19 epi-
demic and potential interventions using the SC-COSMO
(Stanford-CIDE Coronavirus Simulation Model) frame-
work (Supplemental Material). We parameterized the
model based on the best available clinical and epidemio-
logical data from published and publicly available pre-
published studies, along with primary data on MCMA’s
hospitalization and testing infrastructure. We calibrated
the model to time-series data on MCMA’s daily con-
firmed COVID-19 cases and estimated mortality para-
meters by fitting Cox survival models with penalized
smoothing splines to deaths and hospital occupancy
from February 24, 2020, to December 7, 2020. We esti-
mated the average time spent hospitalized from data on
hospital occupancy during the same period. Model calibra-
tion determined the joint posterior uncertainty distribution
of inputs. The calibrated model projected epidemic and
health systems outcomes and their uncertainty under a
range of intervention scenarios from December 7, 2020, to
March 7, 2021. Scenarios comprised varying combinations
of increased contacts during the end-of-year holiday sea-
son, followed by intensifying NPIs and reopening schools.

Model Structure and Assumptions

SC-COSMO is an age-structured, multicompartment
susceptible-exposed-infected-recovered (AS-MC-SEIR)
model of SARS-CoV-2 transmission and progression
(Supplementary Figure S8) with realistic demography
and contact patterns (household and venue-specific, non-
household contacts) enabling finer detail of the interven-
tions considered.11 Specifically, SC-COSMO comprises a
community transmission model and a household submo-
del that tracks the proportion of households whose
members are in various disease states of COVID-19’s
natural history. SC-COSMO includes both latency and
incubation, whose durations are assumed to be gamma-
distributed. It incorporates the timing of NPIs (e.g.,
‘‘physical distancing’’) and reductions of effective con-
tacts, which may differ by age and venue. Forward
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projections with the SC-COSMO model can compare
future scenarios and consider various outcomes (e.g.,
infections, cases, deaths, hospitalizations). The model
is implemented in the R programming language.12 We
provide an R package (https://github.com/SC-COSMO/
sccosmomcma) that includes all the code to replicate the
analyses and results reported in this article. The version
of the package released in this article is available at
https://zenodo.org/badge/latestdoi/371769010. A detailed
description of SC-COSMO is included in the Supplemental
Material.

Scenarios and Policies

We used the model to evaluate a range of policies under
two scenarios involving heightened levels of social con-
tacts in MCMA during the end-of-year holiday period
(December 24, 2020, through January 6, 2021) relative to
the level of preholiday social contacts on December 7,
2020, which is estimated through model calibration.
Compared with the calibrated level of reductions in phys-
ical distancing on December 7, our base case scenario
assumes that with less compliance with NPIs, reductions
in holiday contacts will be less effective. Specifically, we
increased by 51% the preholiday non-household and
non-school contacts estimated for December 7 through
model calibration. In an alternative scenario, we assume
that December 7 contact levels are unchanged under the
end-of-year holiday period.

Under each holiday contact scenario, we considered
the effect of four different disease control policies fol-
lowed during the period from December 7, 2020, to
March 7, 2021. Policies involved increased compliance
with physical distancing in the community and in-person

school reopening. They included the following: 1) status
quo in which physical distancing estimated for December
7 again resumes after the holidays with schools remain-
ing closed; 2) increased compliance with community
physical distancing on January 11, 2021, with schools
remaining closed; 3) status quo community physical dis-
tancing with schools reopening on January 11, 2021, with
status quo in-school contacts; and 4) increased compli-
ance with community physical distancing with schools
reopening both on January 11, 2021, with reduced in-
school contacts.

Outcomes

Our primary outcomes were time series of incident and
cumulative COVID-19 cases, deaths, and hospitalization
demand relative to MCMA hospital capacity. We esti-
mated the effective reproduction number, Re, for March
23, 2020—the day Mexico implemented national-level
NPIs—as well as for all days since then.13 We also esti-
mated the probability of hospitalization demand exceed-
ing COVID-19-specific capacity over time.

Data and Model Inputs

MCMA consists of Mexico City’s counties plus 60 coun-
ties of two neighboring Mexican states (Supplementary
Figure S1). The list of counties that form MCMA
and their projected 2020 population is shown in
Supplementary Table S1. Overall demographic data on
MCMA, including its age structure and age-specific
background mortality rates, were derived from official
statistics (Table 1).14 We collapsed ages into eight groups
that reflected likely exposure patterns (e.g., school-age
children, retirees, etc.).

Table 1 Demographic, Health System Capacity, and COVID-19 (Coronavirus Disease 2019) Outcome Data for Mexico City
Metropolitan Area (MCMA)

Value Source

Demography
Total population in the state of MCMA 21,942,666 CONAPO14

Population density (population/mi2) 53,339 CONAPO14 and INEGI31

Health system COVID-19 capacity as of December 7, 2020
Total hospital beds 9,667 Digital Agency for Public Innovation15

Beds with ventilators 2,659 Digital Agency for Public Innovation15

COVID-19 outcomes as of December 7, 2020
Cases 344,028 Ministry of Health of Mexico6

Cumulative case rate (per 100,000) 1,568 Author’s calculation
Deaths 28,077 Ministry of Health of Mexico6

Cumulative death rate (per 100,000) 128 Authors’ calculation
Hospitalized patients 68,225 Ministry of Health of Mexico6

Hospitalized patients requiring ventilator 12,458 Ministry of Health of Mexico6
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We compiled publicly available data from Mexico’s
Ministry of Health on all detected cases and deaths in
MCMA from February 24 through December 7, 2020.6

We used these data to compute daily incident and cumu-
lative confirmed cases and deaths and estimate time-
varying case fatality rates with proportional hazard mod-
els that included penalized smoothing splines on calendar
time. We also implemented time-varying effects of
MCMA’s previously implemented NPIs (e.g., lockdown,
physical distancing, masking, etc.) expressed as a propor-
tionate reduction of pre-epidemic levels of effective daily
contacts by segmented periods. We estimated the time
points at which there was a structural change (change-
points) in the levels of mobility as a proxy of changes in
physical contacts (Supplemental Material). Specifically,
we fitted piecewise linear models to Google’s mobility
data by treating the percentage difference in mobility
compared to pre-epidemic levels as a random variable
and estimated a varying number of changepoints.

We received daily updates from MCMA’s Digital
Agency for Public Innovation15 on hospital inpatient
census of severe-acute respiratory infection (SARI) beds
with and without ventilator occupancy, as well as current
hospital capacity, which has expanded over time. We esti-
mated time-varying hospital length of stay for COVID-
19 patients, stratified by whether they required a ventila-
tor via model calibration.

Literature reviews provided COVID-19-specific epide-
miologic parameters. Latent and incubation periods were
assumed to follow a gamma distribution (Supplemental
Material).16–18 Notably, the probability of hospitaliza-
tion and death among cases is not derived from the liter-
ature; they are estimated from the primary data, as
described above.

Model Calibration and Uncertainty Analysis

We used Bayesian methods to calibrate 11 model para-
meters that could not be directly estimated from data.
The parameters concerned transmission in the commu-
nity and the household, time-varying case detection
rates, and time-varying effects of MCMA’s previously
implemented NPIs (Supplemental Material). Calibration
inferred values for model parameters by matching mod-
eled outcomes to daily incident confirmed COVID-19
cases (i.e., calibration targets) from February 24 to
December 7, 2020. Comparison of modeled outcomes
and empirical data used a likelihood function, which we
constructed by assuming that targets follow negative
binomial distributions with means given by the model-
predicted outputs and a dispersion equal to one, to

account for potential overdispersion in the target data.19

We defined uniform prior distributions for all calibrated
parameters with ranges based on existing evidence, epi-
demic theory, and plausibility (Table 2). Calibration
resulted in an estimate of the joint posterior uncertainty
distribution for the model parameters.

To conduct the Bayesian calibration, we used the
incremental mixture importance sampling (IMIS) algo-
rithm,20 which has been previously used to calibrate
health policy models.21,22 Briefly, we sampled 10,000
parameter sets from our priors in the first stage, followed
by 1,000 samples in each of the consecutive 55 updated
sampling stages. This procedure yielded a posterior dis-
tribution from which we obtained 1,000 samples used for
our projections and analyses. The marginal posterior dis-
tributions and pairwise comparisons are shown in
Supplementary Figures S2 and S3.

We accounted for model input parameter uncertainty
for all outcome measures by randomly sampling from the
joint posterior distribution obtained from the Bayesian
calibration. We used 1,000 parameter sets sampled from
the posterior distribution to generate all primary out-
comes for all scenarios and policies with 95% posterior
model-prediction intervals (PI) for each outcome from
the 2.5th and 97.5th percentiles of the projected values.

Sensitivity Analysis

Children may face lower transmissibility, risk of hospita-
lization, and mortality than the older population.23–25 To
analyze the effects of these differential dynamics in chil-
dren younger than 15 years old, we conducted a sensitiv-
ity analysis reducing children’s susceptibility by 75%,23

their mortality risk by 94%, their risk of hospitalization
by 64%, and their risk of hospitalizations requiring ven-
tilator by 37%, which were derived from observed data.
We recalibrated the model under these assumptions,
simulated all the scenarios and policies described above,
and compared the results as differences in outcomes
between the base-case and this sensitivity analysis during
the projection period.

Results

MCMA’s Epidemic to Date

The COVID-19 epidemic in MCMA has involved sub-
stantial burdens of cases, hospitalizations, and deaths,
which the SC-COSMO model replicates (Figures 1 and
2). Case rates rose from mid-March through late May,
remained high through mid-October, and have steadily
increased since then (Figure 1). Trends in deaths and
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Table 2 Model Input Parameters

Calibrated Parameters

Parameter
Posterior
Mean

Posterior
95% CrI

Prior
Distribution Source

Transmission probability per effective contact per day
Community 0.19 (0.18–0.21) Uniform (0.10, 0.30) Calibrated
Household 0.22 (0.16–0.29) Uniform (0.15, 0.40) Calibrated

Effectiveness of NPI as a proportional reduction in effective contacts
(2020/03/25 to 2020/04/21) 0.55 (0.45–0.65) Uniform (0.25, 0.75) Calibrated
(2020/04/21 to 2020/05/23) 0.45 (0.38–0.52) Uniform (0.25, 0.75) Calibrated
(2020/05/23 to 2020/08/22) 0.45 (0.40–0.50) Uniform (0.25, 0.75) Calibrated
(2020/08/22 to 2020/10/31) 0.49 (0.45–0.53) Uniform (0.25, 0.75) Calibrated
(2020/10/31 to 2020/12/07) 0.59 (0.51–0.68) Uniform (0.25, 0.75) Calibrated

Time-varying daily detection rate generalized logit parameters
Initial daily rate 0.10 (0.07–0.12) Uniform (0.005, 0.12) Calibrated
Final daily rate 0.16 (0.08–0.24) Uniform (0.005, 0.25) Calibrated
Rate of change between the initial and final detection rates 0.76 (0.54–0.97) Uniform (0.01, 1.00) Calibrated
Time of the sigmoid’s midpoint 87.20 (75.60–99.21) Uniform (30, 100) Calibrated

Hospitalization Parameters

Parameter Mean 95% CI Source

Proportion of detected cases being hospitalized
March 31 0.53 (0.29–0.76) b

April 30 0.44 (0.21–0.67) b

June 30 0.28 (0.10–0.52) b

October 31 0.17 (0.04–0.38) b

December 7 0.15 (0.03–0.35) b

Proportion of hospitalizations requiring a bed with ventilatora

March 31 0.34 (0.29–0.40) b

April 30 0.26 (0.21–0.31) b

June 30 0.22 (0.17–0.28) b

October 31 0.24 (0.19–0.29) b

December 7 0.23 (0.18–0.29) b

Mean SD Source

Length of stay (days)a

All patients 13.45 8.77 Calibrated
Patients using ventilators 13.88 14.29 Calibrated

Case Fatality Parameters

Parameter Mean 95% CI Source

Probability of detected cases dying (%)a

March 31 17.3 (16.1–18.6) b

April 30 20.5 (19.9–21.1) b

June 30 10.5 (10.1–10.8) b

October 31 5.2 (5.0–5.4) b

December 7 4.7 (4.5–4.9) b

Parameter Mean SD

Time from detection to death in daysa 8.6 8.6 b

CI, confidence interval; CrI, credible interval; NPI, non-pharmaceutical intervention; SD, standard deviation.
aThese values were calculated only using the data of confirmed cases.
bAuthors’ calculation.
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Figure 1 (continued)
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hospitalizations followed the same general pattern. By
December 7, 2020, MCMA had experienced 344,028
confirmed COVID-19 cases and 28,077 deaths (Table 1),
which represent cumulative incident and mortality rates
of 1,568 and 128 per 100,000 population, respectively.
Among confirmed cases, 68,225 (20%) involved hospita-
lizations and 12,458 (18%) involved ventilator hospitali-
zations. Patients died in 29% of non-ventilator
hospitalizations and 80% of ventilator hospitalizations.
The average length of stay in all hospitalized patients
was 13.45 days (standard deviation [SD] of 8.77); the
average length of stay in ventilator hospitalizations was
13.88 days (SD of 14.29), which represents the time to
discharge or death.

On March 17, 2020, we estimated an Re for COVID-
19 in MCMA of 2.15 (95% PI: 2.07–2.25) and decreased
to 1.85 (1.81–1.90) immediately after implementation of
NPIs and was 1.10 (1.01–1.20) by December 7, 2020
(Supplementary Figure S4). This implies that given the
estimated Re in the early phases of the epidemic and if
prepandemic contact patterns had not changed early on,
MCMA would have experienced a bigger COVID-19
epidemic than that observed.

Effective contact rates substantially decreased after
MCMA’s NPIs were initially implemented. Specifically,
the calibrated model estimated that effective contacts
were 55% (95% PI: 45–65) lower than prepandemic lev-
els in late March 2020 (Table 2 and Supplementary
Figures S2 and S3) and 59% lower (51–58) in early
December. Our model estimated that 7% (5–11) of the
MCMA population—representing 1.5 million people
(1.1–2.4)—had previously been infected with SARS-
CoV-2 by December 7, 2020 (see Supplementary Figure
S5), 24% (14–30) of whom were detected as cases (see
Supplementary Figure S6).

Contact Patterns and Epidemic Risks
During the End-of-Year Holidays

The trajectory of MCMA’s epidemic from late December
through mid-January 2021 depends heavily on the extent
to which gatherings that traditionally take place in
Mexico during the end-of-year holidays occur and cause
effective contact rates to rise. Our base case assumption
of increased contacts during the holidays projects a peak
of 17,904 (95% PI: 5,623–38,271) daily incident cases and

Figure 1 Observed (red dots) and model-predicted (green lines) COVID-19 incident detected cases (A), deaths (B), cumulative
cases (C), and deaths (D) in MCMA between February 24, 2020, and March 7, 2021. Left column plots assume compliance with
physical distancing during the end-of-year holiday period. Right column plots assume substantially less compliance with physical
distancing during the end-of-year holiday period. The double-dashed vertical line represents the last day used for calibration.
The green shaded area shows the 95% posterior model-predictive interval of the outcomes, and the green lines show the posterior
model-predicted mean based on 1,000 simulations using samples from the posterior distribution.
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838 (263–1,788) deaths in mid-January 2021 (Figure 1).
However, if compliance with physical distancing reduces
contacts compared with previous years in this holiday
period, the model estimated that daily incident cases
and deaths could have a lower peak at 8,011 (2,063–
19,365) and 378 (98–912), respectively, occurring in
early-February 2021 (Figure 1).

Demand for hospitalization is likely to exceed
COVID-19-specific hospital capacity by early 2021, even
if end-of-year holiday contacts are reduced. However,
these contacts will strongly determine the extent to which
capacity is exceeded and the duration of exceedance.
Peak demand on January 25, 2021, is projected to be
26,151 (8,318–54,558) with high levels of holiday con-
tacts and 12,830 (3,373–30,538) on January 31, 2021, if
holiday contacts are reduced (Figure 2); both far exceed
MCMA’s current capacity of 9,667 hospital beds. The
probability of exceeding hospital capacity by these dates

is 97% with high levels of holiday contacts versus 64%
with low levels of contacts (Figure 5).

Policy Analysis Without Physical Distancing
Compliance During the 2020 End-of-Year
Holiday Period

NPI policies and compliance from mid-January through
early March 2021 will play important roles in mitigating
adverse health outcomes and the speed and extent to
which hospitalization demand exceeds capacity. The fol-
lowing policy comparisons assume that with less compli-
ance with NPIs, holiday contacts are only 11% (95% PI:
2–19) lower than prepandemic levels.

Physical Distancing: Status Quo; Schooling: Not In-
Person. Assuming mid-December levels of contacts

Figure 2 Observed (red area) and model-predicted (green lines) total hospital occupancy and demand in MCMA between

February 24, 2020, and March 7, 2021. The left plot assumes compliance with physical distancing during the end-of-year holiday
period. The right plot assumes substantially less compliance with physical distancing during the end-of-year holiday period. The
double-dashed vertical line represents the last day used for calibration. The green shaded area shows the 95% posterior model-
predictive interval of the outcomes, and the colored lines show the posterior model-predicted mean based on 1,000 simulations
using samples from the posterior distribution. The horizontal black lines show total COVID-19-specific hospital capacity.
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resume after the holidays and in-person schools remained
closed (i.e., the status-quo), we estimate the following for
March 7, 2021: 3,918 (95% PI: 1,033–6,746) incident
daily cases and 296 (101–491) incident daily deaths
(Figure 3); Re of 0.82 (0.72–0.91), indicating a declining
but still substantial epidemic (Supplementary Figure S4);
hospital demand of 9,587 (3,350–15,792) (Figure 4); and
a 50% probability of exceeding COVID-19-specific
capacity (Figure 5).

Physical Distancing: Increased Compared to Status Quo;
Schooling: Not In-Person. However, if on January 10,
2021, physical distancing was intensified relative to
December 7 levels resulting in contacts being 57% (95%
PI: 53–62) lower than prepandemic levels, and in-person
schools remained closed, these outcomes would be sub-
stantially better. By March 7, we estimate 713 (117–
1,547) incident daily cases and 70 (18–124) incident daily
deaths (Figure 3); Re of 0.73 (0.61–0.83) (Supplementary
Figure S4); hospital demand at 2,381 (771–4,104; Figure
4), with a \1% probability of exceeding capacity
(Figure 5).

In-Person School Reopening in Early 2021

Reopening in-person schooling is a high priority, given
the negative societal impacts of these closures. However,
epidemic outcomes depend on how reopening is imple-
mented and how much physical distancing can be
achieved in schools and other community venues.

Physical Distancing: Status Quo; Schooling: In-Person.
Resumption of in-person schooling without reductions
in contacts would result in appreciably greater epidemic
growth. By March 7, our model estimates that incident
daily cases and deaths would be 6,950 (1,829–12,391)
and 500 (170–817), respectively (Figure 3); Re would be
0.83 (95% PI: 0.72–0.94; Supplementary Figure S4); and
hospital demand would be 16,034 (5,645–25,891), with
the probability of exceeding capacity at 86% (Figures 4
and 5).

Physical Distancing: Increased Compared to Status Quo;
Schooling: In-Person. However, if in-person school
resumes with contacts reduced substantially below mid-
December levels in both schools and the community,
then epidemic and hospitalization outcomes would be
slightly better than the status quo without school reopen-
ing. By March 7, our model estimates that incident daily
cases and deaths would be 1,878 (95% PI: 352–3,730)

and 155 (42–271), respectively (Figure 3); Re would be
0.78 (95% PI: 0.67–0.89; Supplementary Figure S4); hos-
pitalization demand would be 5,096 (1,618–8,781), with
the probability of exceeding capacity at 1.1% (Figures 4
and 5).

Policy Analysis With Physical Distancing
Compliance During the 2020 End-of-Year
Holiday Period

The policy comparisons under a scenario that assumes
there are not high end-of-year holiday contacts are con-
sistent with those presented above for the base case.
While our primary health and hospital outcomes are gen-
erally less extreme due to lower transmission between
December 24, 2020, and January 6, 2021, the rank order-
ing of policies by efficacy does not change (Figures 1–5
and Supplementary Figures S4 and S7). Importantly, if
physical distancing compliance were achieved during the
end-of-year holiday period, in-person school reopening
with appropriate physical distancing would be feasible in
mid-January 2021 without sparking substantial addi-
tional epidemic growth, although hospitalization capac-
ity would be exceeded. Notably, the scenarios in which
COVID-19-specific hospital capacity has a low probabil-
ity of being exceeded is under increased community phys-
ical distancing.

Sensitivity Analysis: Lower Transmission and
Severe Disease Risks for Children

When we recalibrated the model assuming that children
face lower transmissibility, risk of hospitalization, and
mortality than adults, calibrated risks for adults rose to
compensate so that overall case rates and hospitalization
and death rates matched those reported for MCMA.
Hence, projections of the expected cumulative cases and
deaths under all scenarios were marginally higher than
assuming no differential transmission and severe disease
risks for children (Supplementary Figures S8 and S10).
Also, in this scenario, hospital exceedance occurs earlier
and with a higher probability than in the base case
(Supplementary Figures S9, S11, S12, S19, and S20). As
noted, these increases relative to the base case were small
and did not alter the main conclusions.

Discussion

For MCMA’s population of 20 million people, we esti-
mated the epidemic and hospital system effects of resum-
ing in-person schooling in early 2021 and how these
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Figure 3 Estimated model-predicted daily incident cases (A) and deaths (B) by scenario in MCMA between December 7, 2020,
and March 7, 2021. Left column plots assume compliance with physical distancing during the end-of-year holiday period. Right
column plots assume substantially less compliance with physical distancing during the end-of-year holiday period. The vertical
dashed line represents the day of policy implementations.
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effects depend on the level of end-of-year holiday con-
tacts. Regardless of the level of physical distancing that
MCMA residents can achieve during the holidays, hospi-
tal demand is highly likely to exceed current capacity
unless resources are quickly expanded. We found that
high levels of end-of-year holiday contacts greatly exacer-
bate cases and deaths, with lasting effects through early
March 2021, and that these effects could be substantially
attenuated by greater physical distancing during the end-
of-year holiday period. Without improved physical dis-
tancing during the holidays, reopening in-person schools,
even with augmented physical distancing, results in
appreciable epidemic growth. Thus, we conclude that the
feasibility of reopening in-person schooling in the new
year depends on reducing mixing and social contacts dur-
ing the holidays.

While we find that MCMA is expected to exceed hos-
pital capacity as cases continue to rise across scenarios
and policies, the timing and magnitude of exceedance
differ by scenario. Nonetheless, to meet the surge in hos-
pital demand expected even under optimistic scenarios,

MCMA may have to increase COVID-19-specific capac-
ity by at least 2,000 beds.

Reopening in-person schooling is a high priority. Our
findings suggest that provided physical distancing can
be maintained both at schools and in the community,
reopening may be possible without substantial additional
impact on epidemic and health system outcomes.
However, if physical distancing cannot be complied with
or enforced, school reopening could increase confirmed
cases by 376,000 compared with reopening with increased
physical distancing. Furthermore, we found that the
extent of transmission during the end-of-year policies has
an important effect on the feasibility of reopening schools
without sparking additional epidemic growth, which is
consistent with other findings.26

Our results are in line with previous modeling studies
of NPIs in general and compliance with physical distan-
cing in particular.3,25,27 Briefly, strengthening both has
tremendous potential to reduce epidemic transmission,
as does the closure of in-person schooling. But these pol-
icies can be highly disruptive, trigger other economic and

Figure 4 Estimated model-predicted daily hospitalization demand in MCMA between December 7, 2020, and March 7, 2021.

The left column plots assume compliance with physical distancing during the end-of-year holiday period. The right column plots
assume substantially less compliance with physical distancing during the end-of-year holiday period.
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social costs, and are increasingly provoking backlashes
among frustrated and weary communities throughout
the world. Our findings underscore a theme evident in
similar studies: policy decisions about reopening various
venues and institutions are interrelated in their effects.
They must be considered as part of the tradeoffs that
include health, economic, and social outcomes.

Our analysis has several limitations. First, while our
model is stratified by age to account for differential mix-
ing, the base-case analysis does not include differential
transmission by younger people.24 Some studies find that
younger children may transmit less and have differen-
tially lower mortality and hospitalization risks than teens
and adults.24,25 If children are differentially less likely to
transmit then, at least for primary schools, our results
may understate the possibility of resuming in-person
schooling with physical distancing without exacerbating
the epidemic and could be viewed as conservative.
However, our findings are qualitatively similar when
allowing differential transmission and severe disease risks
in children in a sensitivity analysis. Second, our analysis

does not account for vaccination. However, the periods
we focus on precede plausible mass vaccination, given
current expectations regarding vaccine roll-out in
Mexico.28 Findings from our analysis will be useful
inputs for a more comprehensive economic evaluation of
policy alternatives in future research.

Our study has several strengths. First, we use the SC-
COSMO model, a dynamic transmission model that
accounts for realistic contact patterns based on adjusted
population density29 and community and household
transmission.11 The SC-COSMO framework enables
quantification and propagation of uncertainty to gener-
ate probabilistic projections—not only producing esti-
mates of expected outcomes but also allowing assessment
of the probability and magnitude of extreme events like
exceeding hospital capacity under different scenarios.30

We use comprehensive data on cases, deaths, and hospi-
talizations to estimate the model’s parameters, allowing
us to accurately represent the epidemic dynamics in
MCMA. Additionally, we have information on current
hospital capacity in the city that allows us to determine

Figure 5 Daily estimated probability of hospitalization demand exceeding COVID-19-specific capacity in MCMA between
December 7, 2020, and March 7, 2021, by levels of compliance with physical distancing during the end-of-year holiday period.
The top panel assumes compliance with physical distancing during the end-of-year holiday period. The bottom panel assumes
substantially less compliance with physical distancing during the end-of-year holiday period.
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when and how likely it is to exceed COVID-19-specific
hospital capacity under different scenarios.

As MCMA’s COVID-19 epidemic continues to
evolve, there is a high probability that the area’s hospital
capacity will be outstripped by early January 2021, espe-
cially if contacts during the end-of-year holidays cannot
be substantially reduced. As resumption of in-person
school is a major priority, it is crucial to ensure that NPI
measures are instituted in schools. The unavoidable
increases in contacts that school reopening will trigger
are offset by more effective physical distancing in the
community. Even if schools are not reopened, and physi-
cal distancing in the community improves, there is an
urgent need for MCMA to increase its hospital capacity.
Finally, our findings highlight the importance of simula-
tion modeling-based policy analysis as a tool to support
timely decision making.
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