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ABSTRACT During the COVID-19 pandemic, Latin American and Caribbean
countries implemented stringent public health and social measures that
disrupted economic and social activities. This study used an integrated
model to evaluate the epidemiological, economic, and social trade-offs in
Argentina, Brazil, Jamaica, and Mexico throughout 2021. Argentina and
Mexico displayed a higher gross domestic product (GDP) loss and lower
deaths per million compared with Brazil. The magnitude of the trade-offs
differed across countries. Reducing GDP loss at the margin by 1 percent
would have increased daily deaths by 0.5 per million in Argentina but
only 0.3 per million in Brazil. We observed an increase in poverty rates
related to the stringency of public health and social measures but no
significant income-loss differences by sex. Our results indicate that the
economic impact of COVID-19 was uneven across countries as a result of
different pandemic trajectories, public health and social measures, and
vaccination uptake, as well as socioeconomic differences and fiscal
responses. Policy makers need to be informed about the trade-offs to
make strategic decisions to save lives and livelihoods.

L
atin America and the Caribbean was
one of the regions with the highest
COVID-19-related death toll world-
wide, despite stringent mobility re-
strictions that triggered large eco-

nomic losses.1 These policies, implemented
early in the pandemic, had impacts on workers
through the abrupt reduction of working hours
in a sizable fraction of the working population.
The short-term costs of these measures, mainly
in terms of productivity losses and social isola-
tion, often were so high that policy makers and
individuals could not sustain them, which ren-
dered them increasingly ineffective over time.
This study evaluated outcome measures such

as deaths, hospitalizations, loss of gross domes-
tic product (GDP), and the distributional impact
according to sex and income level of public

health and social measures implemented to mit-
igate the COVID-19 epidemic in Argentina, Bra-
zil, Jamaica, and Mexico, taking into account
vaccination rollout.We chose 2021 because that
year produced the highest death toll in the re-
gion. In particular, we developed an integrated
epidemiological-economic model to evaluate
how the mitigation policies adopted by govern-
ments affected the trajectory of the pandemic
and the economy as a whole.

Study Data And Methods
Ourmodel, based on SEIR transmissionmodels,
where a population is divided into the non-
infected and susceptible (S), the exposed (E),
the infected (I), and the recovered (R), was de-
signed to estimate the impact of COVID-19 in
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different settings.2 Building on our previous
models,3,4 for this model we added the macro-
economic and social impact of public health and
social measures, adjusted for the different vacci-
nation strategies in each country. Specifically,
we incorporated the economic rationale of
DAEDALUS, a model that computes impacts
on awide rangeof SARS-CoV-2 control strategies
on economic production, employment, infec-
tions, hospitalizations, and deaths,5 as well as
othermodels.6 First, when the priority in a given
country is to curb the case curve (a “safety-
focused” or health-maximizing approach), the
economy will have to endure a highly stringent
and lengthy lockdown and a likely sizable de-
cline in GDP. Second, if the policy maker has
more of an “economy-focused” approach, at-
tempting tominimize economic losses, themor-
tality rate will likely increase. Our model also
incorporated “lockdown fatigue,” or the degree
of compliance with public health and social mea-
sures, to measure the economic impact of the
pandemic at the sectoral level in a real-life
setting.
Data Sources We performed an exhaustive

literature search that gathered demographic
data and data on COVID-19 cases and deaths
from the United Nations,7 the World Health Or-
ganization,8 national data sets,9 and Our World
in Data.10 SARS-CoV-2 variant predominance in
2021 was estimated in Argentina,11 Brazil,12

Jamaica,13 andMexico.14 Essential activities were
obtained from the International Monetary
Fund’s policy responses to COVID-1915 and from
national governments’ websites; labor-force
shares and sex and income distribution across
economic sectorswere retrieved fromhousehold
surveys for each country,16–18 with the exception
of Jamaica, for which such decomposition was
not available.Weused the InternationalStandard
Industrial Classification of All Economic Activi-
ties decomposition19 and calibrated the share of
each of the sixteen different economic sectors
and categories per country, including the public
sector, such as agriculture, manufacturing in-
dustry, wholesale and retail trade, transporta-
tion, education, and social security and health.
The model’s input and output matrices were cal-
ibrated using data from the Organization for
Economic Cooperation and Development input
and output matrix estimates for 2019.20 The
stringency of public health and social measures
was calculated using the Oxford COVID-19 Gov-
ernment Response Tracker.21

Methods Our model comprised an epidemio-
logical and an economic framework. The former
was an extension of the SEIRmodel, to which we
added the impact of vaccination strategies and
thedifferential impact of public health and social

measures or immunization strategies on age
groups.We incorporated specific age-strata mix-
ing patterns matrices to represent the social
interactions and effective contact rates at each
of the four settings we included: home, school,
work (including transportation), and communi-
ty. The impact of public health and social mea-
sures, such as schools closing, staying at home,
shielding the elderly, mandatory mask wearing,
or public transport restrictions, was modeled as
a modifier of these contact matrices. The impact
of public health and social measures on the con-
tact and effectiveness rates at each setting was
based on the work of Nicholas Davies and col-
leagues.22 More details on vaccination strategies
and the impact of coronavirus variants are in
online appendix 1.23

On top of the epidemiological framework, we
developed an economic framework to capture
two key features of the COVID-19 pandemic:
the trade-off between the stringency of mobility
restrictions and economic costs, and the eco-
nomic impact of persistent lockdowns on the
population.We focused on the dynamics ofwork-
ing-age adults, excluding school-age children
and the population older than age sixty-five,
who make a negligible contribution to the GDP.
On thebasis of a similar conceptual framework

and approach used in DAEDALUS,5 we assumed
that stringent mobility measures affected work-
ing hours at the intensive level—that is, how
muchactiveworkers contribute to economic out-
put. For this reason, we only considered people
actively participating in the labormarket (that is,
formal, informal, and self-employed workers).
We assumed that the government determined,

at the beginning of each period, the degree to
which different economic sectors were exposed
to mobility restrictions. For all of the non-
essential sectors, the government decided
whether they could operate at full or partial ca-
pacity or whether they should close. In the mod-
el, this translated into a certain proportion of the
active workforce within each sector that may
have been partially or fully prevented fromwork-
ing in any given period, depending on the extent
towhich specific sectorswere closedas a result of
the public health and social measures. Thus, the
impact on the labor market was captured by ad-
justing working hours. This took into consider-
ation thework-from-home capability of different
sectors. At each decision period, the policy mak-
er chose the degree of workplace closure, which
could take one of the following values: no mea-
sures; recommended (discretionary) closure;
closure of some activities; or closure of all activi-
ties except essentials. Crucially, the productive
sectors were engaged both in economic produc-
tion and in the spread of infection, as long as
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production required working mobility. In this
regard, more work hours increased the likeli-
hood of getting infected, which meant a high
rate of “work contacts” in the contact matrix
of the epidemiological framework.
Because the economic costs were not evenly

distributed across the population, we dis-
aggregated the impact by sex and income level.
To account for the impact on both poverty rates
and sex, we leveraged the sectoral decomposi-
tion of the economy.We used data from house-
hold surveys to map the income and sex decom-
position into each of the sixteen sectors of the
economy. Then, conditioning on the “essentiali-
ty” of the sectors, we computed the income loss
and the impact on the aggregate gender gap
over time.
Finally, our integrated model accounted for

lockdown fatigue24—a concept that helps explain
why stringent lockdowns were unable to curb
cases and deaths. The term conflates both the
psychosocial aspects of isolation, including liv-
ing conditions such as overcrowding and in-
house amenities, and a growingnecessity to earn
that is particularly relevant for low-income and
informal householdswithout alternative sources
of income. A consequence of lockdown fatigue
was an increase in observed versus expected
mobility before the stringent measures were re-
laxed, particularly among informal workers.
In this way, lockdown fatigue limits the capac-

ity of the government to reduce mobility after a
prolonged period of restrictions. In contrast, an
increase in the rate of daily deaths, through a
“fear factor,” causes people to reduce their mo-
bility and reverse lockdown fatigue. This self-
regulation of people may reinforce the stringen-
cy of the measure or, alternatively, limit non-
compliance. First, from the economic to the epi-
demiological frameworks, the economic frame-
work determined the working hours that were

an input to determining work-related contacts
and, in turn, the spread of the virus. Thus, work-
ing hours, an output from the economic bucket,
were an input for the epidemiological bucket, as
a reduction of hours worked in the workplace
affected the contact matrix (for example, work
contacts or contacts in public transport). Sec-
ond, from the epidemiological to the economic
frameworks, lockdown fatigue was also related
to the daily reported deaths through the fear
factor: There was a greater adherence to public
health and social measures when there were a
greater number of deaths. The simulation of the
two models ran recursively, as can be seen in
appendix 2.23

Using this integrated epidemiological-
economic model, we compared the actual num-
ber of deaths and GDP loss in each country stud-
ied with alternative counterfactual simulated
scenariosof deaths andGDP loss thatwouldhave
occurred if the government had implemented
less stringent public health and social measures,
reflecting the trade-offs of lives versus live-
lihoods.
Calibrations And Counterfactuals First,

to calibrate the model, we mapped the sequence
of public health and social measures actually
implemented at the country level in 2021. This
sequence yielded both a path for cumulative
deaths over this year and an estimation of the
GDP loss. Ingeneral, the countries’governments
imposed stringent measures earlier in 2021.
Then, as vaccines became available and vaccina-
tion rates accelerated, governments were able to
ease mobility restrictions in the second half of
2021. These measures determined benchmarks
for deaths and GDP loss that we compared with
alternative simulated scenarios.
Second, in the counterfactual scenarios, we

compared deaths and GDP loss if the govern-
ment had implemented less stringent public
health and social measures. In this case, deaths
would have increased and GDP loss would have
been reduced.
To address uncertainty, we designed a series of

scenarios shaped according to public health and
social measure bundles that included variations
in a key set of parameters. Thus, we displayed
different scenarios for the public health and so-
cial measures implemented. The model was cali-
brated to reflect actual mortality curves in each
country during 2021. In addition, we showed
scenarios in which the public health and social
measures were gradually eased.
Third, we were able to quantify the different

impacts of these alternative scenarios (a “sacri-
fice ratio” reflecting epidemiologic and econom-
ic trade-offs), answering by howmuch less strin-
gent public health and social measures would

An important concern
of the postpandemic
debate is how to
calibrate public health
and social measures
to reduce economic
and social costs.
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have reduced the GDP loss, but at a cost of an
increasing death count, and by how much GDP
loss each country would face to reduce daily
deaths by a certain amount.
In other words, epidemiologic and economic

trade-offs were determined by the sequence of
public health and socialmeasures actually imple-
mented by the governments, computing the as-
sociateddeaths andGDP loss. Thenwesimulated
alternative scenarios for the public health and
social measures, assuming less stringent (and
more stringent) scenarios, and we estimated the
associated outcomes in terms of deaths and GDP
loss (see appendix 3 for more details on the eco-
nomic component of the model).23

Limitations Our study had several limita-
tions. First, the links between the epidemiologi-
cal and economic frameworks could be further
extended to capture other nuances. For instance,
the epidemiological framework did not benefit
from the sectoral disaggregation features in the
economic framework, whereas the latter made
several simplifications regarding age segmenta-
tions. Second, we assumed that the populations
of preschoolers, students, retired people, and
adults ages 20–64 who were not in the labor
force, together with the unemployed, were not
exposed towork contact. Third, we assumed that
labordisruptionswere fully reversible,which is a
conservative evaluation of the actual economic
impact of public health and social measures.
Fourth, we did not account for differences in
the social and economic structure of the coun-
tries, as well as in the fiscal response to contain
the economic toll of the pandemic. Fifth, we did
not consider reductions in labor due to sickness
or death as a result of COVID-19, although we
assumed that its impact was small. Finally, we
did not perform sensitivity analyses related to
single ormultiple parameters, but all key param-
eters are customizable, allowing policy makers
to explore the influence of uncertainty around
them.

Study Results
The main economic indicators for Argentina,
Brazil, Jamaica, and Mexico for the period
2020–21 are shown in appendix 4.23 Note that
theGDPpercapita rangedbetween$23,737 (pur-
chasing power parity) in Argentina to $10,938
(purchasing power parity) in Jamaica. More-
over, the share of informal workers ranged be-
tween 20 percent in Brazil and 43 percent and
45 percent in Mexico and Jamaica, respectively.
The results of the model are shown in exhib-

its 1–4. They should be interpreted as howmuch
GDP loss a policy maker decides is bearable to
reduce the death count. The ratio between those

variables (change in the death count and GDP
loss) constitutes a “sacrifice ratio.” The counter-
factual scenarios can be used as a benchmark.
However, the current specification cannot be
used to determine the optimal timing and inten-
sity of the public health and social measures
because those measures will ultimately depend
on the preferences of users.
We analyzed the epidemiologic and economic

trade-offs for Argentina, Brazil, Jamaica, and
Mexico—that is, how much GDP loss each coun-
try would have to face to reduce daily deaths by
a certain amount. The trade-off is shown in a
scatterplot that depicts the simulated scenarios
while keeping the degree of stringency to each
of the possible values constant (exhibit 1).
Although there was a wide range of uncertainty
around this “sacrifice ratio,” we found stark dif-
ferences among the countries. In particular, re-
ducing the GDP loss at the margin for Argentina
and Mexico, by reducing the intensity of the
mobility restrictions, would have increased the
death count more compared with Jamaica and
Brazil. These differences may reflect disparities
in the economic structure (such as the relative
shares of the manufacturing and informal sec-
tors in each country), the strength of the health
system,or themagnitudeof the earlier COVID-19
wave, among other factors (see appendix 5).23

Exhibit 1 shows the comparison of trade-off
slopes across countries. The trade-off is captured
by the slope of the lines—the steeper the slope,
the worse in terms of epidemiologic and eco-
nomic trade-offs. Inour study, the trade-off slope
of Argentina was −0.51, whereas for Brazil the
trade-off slope was −0.31. That is, reducing the
GDP loss at the margin by 1 percent would have
increased the daily death count by 0.51 per mil-
lion in Argentina but only 0.31 per million in
Brazil. To explore the magnitude of the trade-
offs, we compared the actual scenario in each

An important
advantage of our
model was to provide
a unified framework
to quantify the short-
run trade-off between
lives and livelihoods.
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country (base case) with the least-restrictive sce-
nario in daily deaths per million saved. Daily
deaths per million saved were 257 in Argentina
(5.9daily deathspermillion), 1,180 inBrazil (5.5
daily deaths permillion), 18 in Jamaica (6.3 daily
deaths permillion), and 465 inMexico (3.7 daily
deaths per million) (data not shown).
The cross-national differences between the

trade-offs can be decomposed into two features:
the slope and the origin of the lines. The slope of
the trade-off lines represents how much GDP a
policy maker has to give up to reduce the death
count. Two factors increase the slope of the lines:
the share of contact-intensive (services) sectors
in the GDP and the share of informal workers.
The origin of the lines may reflect disparities in
the economic structure, strength of the health
system, and magnitude of the earlier COVID-19
waves, among other factors.
We also show the impact of trade-offs on vari-

ous social indicators in three of the four coun-
tries (data for Jamaica were not available). For
the poverty indicator, exhibit 2 shows that when
public health and social measures were more
stringent (as in January 2021), the gap between
the base case and the counterfactual scenarios
(less stringent restrictions) was wider. The gap

narrowed as restrictions were eased toward the
end of 2021. The initial gap in Brazil was partly
driven by the lower mortality in the counterfac-
tual scenario. For Argentina and Mexico, the
convergence occurred around September and
October 2021, reflecting the relaxation of public
health and social measures.
Regarding impacts of public health and social

measures on income by sex (exhibit 3), we ob-
served similar income loss among women and
men, particularly at the beginning of the year,
when public health and social measures were
more stringent. We found no significant differ-
ence by sex among countries, but we did observe
a small difference between men and women in
Argentina that could reflect the uneven sex com-
position of the labor force across sectors. This
finding contradicts the belief that women work
in sectors with a higher rate of informal employ-
ment and are more likely to lose their jobs or
reduce their working hours compared withmen.
We also examined the impacts of public health

and social measures on income by income level
(exhibit 4). Although the difference in the im-
pact on upper- and lower-income workers was
not significant, the results suggest that in the
case of upper-incomeworkers, the adverse effect

Exhibit 1

Model results: trade-offs between daily death counts and economic performance associated with COVID-19-era mobility
restrictions in 4 Latin American and Caribbean countries, 2021

SOURCE Authors’ calculations based on data from the sources in notes 9–22 in text. NOTES The slope of the trade-off lines represents
how much gross domestic product (GDP) a policy maker has to give up to reduce the death count. The steeper the slope, the worse in
terms of trade-offs. R2 statistics for each country are as follows: Argentina, 0.972; Brazil, 0.982; Jamaica, 0.944; and Mexico, 0.937.
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was somewhat tempered by their lower exposure
to contact-intensive sectors and their greater
ability to transition to telework.

Discussion
An important concern of the postpandemic de-
bate is how to calibrate public health and social
measures, in a context of unprecedented un-
certainty, to reduce economic and social costs.
This question is particularly relevant because
public health and social measures were, until
the vaccine rollout was more extensive, the only
levers available to policy makers. At the same
time, the measures’ short- and long-term im-
pacts were also uncertain in terms of their re-
sults, and arguments in favor of stringent restric-
tions were often rejected because of their
collateral economic costs.
Among the four countries we studied, Argen-

tina displayed a higher GDP loss and lower
mortality compared with Brazil, Jamaica, and

Mexico, highlighting the short-term trade-off
in that country.We also observed a lesser impact
on lower-income workers in Argentina, Brazil,
and Mexico.
Other researchers have examined the econom-

ic and epidemiological trade-offs inherent in
COVID-19 response. A similar SEIR model was
used for establishing COVID-19 incidence in
Dublin, Ireland, providing a framework for eval-
uating health intervention costs.25 This model
was able to characterize different forms of lock-
down that may have affected specific age groups
differently. Similar to our model, social inter-
actionswere represented throughagegroupcon-
tact matrices, which could be modified using
available data and were thus locally adapted.
Social interactions show the different economic
costs and impact on GDP for the country in
each lockdown period. Sedona Sweeney and
colleagues26 created an economic model to
simulate the impact of lockdown measures in
Pakistan, Georgia, Chile, the United Kingdom,

Exhibit 2

Model results: change in poverty rates during COVID-19 restrictions in 3 Latin American countries, actual and
counterfactual scenarios, 2021

SOURCE Authors’ calculations based on data from the sources in notes 9–22 in text. NOTES Data from Jamaica were not available.
Poverty was defined by the share of the population that lay below the poverty line set by each country. Differences in poverty rates
between the base case and the counterfactual scenario in each country are wider with greater stringency of public health and social
measures. As the restrictions ease, the lines for each country tend to converge. The actual scenario (base case) was considered to be
the simulation based on policies actually implemented by the countries. The “counterfactual” scenario considered the adoption of the
lowest level of restrictions throughout the year.
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the Philippines, and South Africa. The research-
ers considered the impact of lockdown in terms
of ability to socially distance, as well as income
loss during lockdown. They found that people in
lower-socioeconomic-status quintiles were con-
sistently more likely to have been exposed to
greaterhealthoreconomic riskduring lockdown
across all of the countries studied. In a cross-
national analysis, Mohamed Jalloh and col-
leagues found that higher public expenditure
on health, rather thanGDPper capita, wasmost-
ly associatedwith less stringencyof public health
and social measures throughout the pandemic.27

Using a model to assess the economic impact of
interventions, Jung Eun Kim and colleagues28

estimated that the speed of vaccine supply was
an important factor in offsetting the impact of
the COVID-19 epidemic on GDP losses due to
social distancing.
One of the key contributions of our model is

allowing the comparison of different policies
and how they influence trade-offs across coun-
tries. Our results showed that the economic im-

pact and death toll were uneven across countries
and that the differences were related not only
to the pandemic trajectory, public health and
socialmeasures, and vaccination uptake but also
to differences in the countries’ socioeconomic
structures, includinghealth care systems, aswell
as in the fiscal responses to contain theeconomic
toll of the pandemic.
It is important to consider the potential effect

of differences in the demographic structures of
the countries we examined. In this context, the
dynamics of the epidemic may have been influ-
enced by the different demographic structures of
countries that may reflect different levels of in-
teraction between age groups and therefore dif-
ferent patterns of social interaction (and thus
different contact rates) that exist in the coun-
tries. In addition, different lethality by age and
different vaccination strategies (according to
age groups) should also be considered.
In this regard, an important advantage of our

model was to provide a unified framework to
quantify the short-run trade-off between lives

Exhibit 3

Model results: COVID-19-related income loss in 3 Latin American countries, by sex, 2021

SOURCE Authors’ calculations based on data from the sources in notes 9–22 in text. NOTES Data from Jamaica were not available. We
observed important income losses in both men and women during 2021, particularly at the beginning of the year, when the public health
and social measures were stricter. As restrictions are eased along the year, the income losses tend to decline. We estimated the
differential weighted variation after public health and social measures between both sexes.

December 2023 42: 12 Health Affairs 1653
Downloaded from HealthAffairs.org on December 05, 2023.

Copyright Project HOPE—The People-to-People Health Foundation, Inc.
For personal use only. All rights reserved. Reuse permissions at HealthAffairs.org.



and livelihoods—that is, the trade-off between
the epidemiological and socioeconomic impacts
of public health and social measures. In particu-
lar, the model could simulate the daily deaths
and economic costs stemming from the COVID-
19 pandemic and the policies imposed to contain
its spread, and it included a focus on two more
vulnerable groups: women and low-income
households. Moreover, the model was flexible
enough to allow for the effects of different
SARS-CoV-2 variants and the impact of vaccina-
tion on the transmission and hospitalization of
patients, which in turn affect the public health
and social measures imposed by the countries.
In analyses not reported here, we found that

the policy trade-off could be significantly im-
proved with targeted pharmaceutical policies,
such as increased vaccination coverage to reduce
COVID-19 impact. Also, our intertwined analysis
of the different policies explicitly incorporated
the concept of lockdown fatigue24 to capture the
behavioral response of the population to strin-
gent and persistent mobility restrictions, which
became gradually less efficient. Indeed, one of
the reasons that protracted stringent lockdowns

did not stop the pandemic may be related to
lockdown fatigue and the necessity for low-
income households to engage in economic activ-
ity in low- and middle-income countries.
Finally, evidence shows that COVID-19’s im-

pact has exacerbated existing income inequal-
ities.28 Our model was able to account for the
pandemic impact onpoverty rates and reproduce
the pandemic’s regressive impact.
Policymakerswere limited inmaking strategic

decisions during the pandemic. By assuming a
similar external context (that is, similar pan-
demic shock and availability and access to vac-
cines), our model allows for a comparison of the
trade-off between lives and livelihoods. Indeed,
themodel could readily be adapted toothercoun-
tries, based on data availability, allowing assess-
ments of how the trade-off was influenced by
country-specific aspects. Similarly, one could
test whether the socioeconomic impact of
COVID-19-related measures was higher for low-
incomecountries. Finally, themodel is amenable
to simulations of alternative restriction policies,
and, in particular, of different stringency-
duration pairs that, through the presence of

Exhibit 4

Model results: COVID-19-related income loss in 3 Latin American countries, by income level, 2021

SOURCE Authors’ calculations based on data from the sources in notes 9–22 in text. NOTES Data from Jamaica were not available.
Income levels were derived from household surveys for each country. We estimated the differential weighted variation after public
health and social measures between upper- and lower-income earners.
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lockdown fatigue and vaccination uptake, may
attain different epidemiological outcomes.
Our model is publicly available, and users can

customize key parameters and set simulated sce-
narios for different combinations of policies.29

Conclusion
Policy makers need to consider not only the epi-
demiological impact but also the macro-

economic and social impact of strategic re-
sponses to pandemics and gauge their response
and the calibration of their public health and
social measures to protect both lives and liveli-
hoods. Although COVID-19 is transitioning to an
endemic stage, it will remain necessary to con-
tinue to adapt public health and social measures
to occasional surges of this or other viral pan-
demics that may arise in the future. ▪
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