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Abstract

Background: Aggressive non-pharmaceutical interventions (NPIs) may reduce transmission of SARS-CoV-2. The
extent to which these interventions are successful in stopping the spread have not been characterized in countries
with distinct socioeconomic groups. We compared the effects of a partial lockdown on disease transmission among
Kuwaitis (P1) and non-Kuwaitis (P2) living in Kuwait.

Methods: We fit a modified metapopulation SEIR transmission model to reported cases stratified by two groups to
estimate the impact of a partial lockdown on the effective reproduction number (R e). We estimated the basic
reproduction number (R0) for the transmission in each group and simulated the potential trajectories of an
outbreak from the first recorded case of community transmission until 12 days after the partial lockdown. We
estimated R e values of both groups before and after the partial curfew, simulated the effect of these values on the
epidemic curves and explored a range of cross-transmission scenarios.

Results: We estimate R e at 1·08 (95% CI: 1·00–1·26) for P1 and 2·36 (2·03–2·71) for P2. On March 22nd, R e for P1
and P2 are estimated at 1·19 (1·04–1·34) and 1·75 (1·26–2·11) respectively. After the partial curfew had taken effect,
R e for P1 dropped modestly to 1·05 (0·82–1·26) but almost doubled for P2 to 2·89 (2·30–3·70). Our simulated
epidemic trajectories show that the partial curfew measure greatly reduced and delayed the height of the peak in
P1, yet significantly elevated and hastened the peak in P2. Modest cross-transmission between P1 and P2 greatly
elevated the height of the peak in P1 and brought it forward in time closer to the peak of P2.
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Conclusion: Our results indicate and quantify how the same lockdown intervention can accentuate disease
transmission in some subpopulations while potentially controlling it in others. Any such control may further
become compromised in the presence of cross-transmission between subpopulations. Future interventions and
policies need to be sensitive to socioeconomic and health disparities.

Keywords: COVID-19, Non-pharmaceutical interventions, Mathematical modeling, Socioeconomic disparities

Background
On February 20th, with zero reported cases of corona-
virus disease 2019 (COVID-19) in Kuwait and only two
reported deaths in neighboring Iran [1], the State of
Kuwait ordered immediate closure of its shared borders
and subsequent evacuation of its citizens from Iran [2].
The first group of evacuees from Mashhad, Iran were
asked to self-isolate at home while the second group of
evacuees from Tehran and Qom were placed in institu-
tional quarantine. Estimates put the true number of
cases in Iran at the time to be in the range of 18,300
(95% confidence interval: 3770 to 53,470) [3]. This inter-
vention was subsequently followed by further border
control measures, closures of schools, non-essential
businesses and public gathering spots, cessation of all
commercial flights and, eventually a partial lockdown on
March 22nd 2020 [4–6].
Since the beginning of the epidemic, without effective

pharmaceutical interventions available to prevent or
treat COVID-19, countries largely rely on non-
pharmaceutical interventions (NPIs) to reduce disease
transmission [7, 8]. Early combined NPIs were shown to
reduce disease transmission and delay peak death rates.
Additionally, timing of NPI implementation appears to
correlate with peak death rates [8]. Nations which were
able to implement early containment measures such as
Taiwan, Singapore, Japan and Hong Kong all seemingly
were flattening the epidemic curve in the first few
months of the pandemic [9]. Despite lags in testing, it
was thought that Kuwait would pursue a similar trajec-
tory due to its aggressive early action.
Evidence is accumulating that viral spread is un-

equal and preys preferentially on lower socioeconomic
classes [10–12], but it is unclear how NPIs imple-
mented in various countries are playing a role in this
regard. Models of disease transmission thus far have
been homogenous and have not yet accounted for
these important heterogeneities [13]. Kuwait and the
rest of the Gulf States have a unique demographic
profile. Nearly 70% of the 4·8 million people living in
Kuwait are non-Kuwaiti, and largely represent migrant
workers of lower socioeconomic status. The profile of
the Non-Kuwaiti population is predominantly male
(69%), poorly educated (68% below secondary level
education), and relatively young (median age group
30–34) [14] (Table 1).

In this study, we quantify the differences in viral trans-
mission dynamics of SARS-CoV-2 between Kuwaiti na-
tionals and non-Kuwaitis living in Kuwait using
nationality as a surrogate for socioeconomic status. We
also look at how NPIs affected transmission dynamics in
each group.

Methods
To explore the impact of heterogeneities in transmission
dynamics in Kuwait, we fitted a metapopulation trans-
mission dynamic model to a dataset on reported cases
stratified by two socioeconomic groups (Table 1 and Fig.
S1a and b in the Supplementary Material). The dataset
contained daily numbers of reported confirmed cases
from the two groups.
Publicly-available data on COVID-19 cases was col-

lected daily from verified and official government
sources [15, 17]. The dataset included cases from the
first reported case of COVID-19 on February 24th, 2020
until May 12th, 2020. The model was fitted to case num-
bers up to April 20th, 2020 in order to disentangle the
impact of the partial curfew from other drastic interven-
tions that were implemented past this date. Information
was limited to the number of confirmed cases, travel his-
tory, nationality, critical cases, recoveries, and deaths.
Information about population density, residential units

(houses and apartments) and occupation were obtained
from the online Statistics Service System at the Public
Authority for Civil Information (PACI); last updated on
21 December, 2019 [14]. To create maps depicting the
geographic density of the two populations as well as the
residential units we used ArcGIS Pro version 2.5.1 by
Esri Inc. The district polygons were obtained from
OpenStreetMaps [18].

Model
The modified metapopulation SEIR model divides the
population into two distinct groups: Subpopulation 1
(P1) of presumed higher socioeconomic status and Sub-
population 2 (P2) of presumed lower socioeconomic sta-
tus, who are vastly overrepresented by non-Kuwaitis
(Table 1). We analyze the disease transmission by using
a modified SEIR model that describes the epidemio-
logical characteristics of COVID-19. The model divides
individuals within each subpopulation into the following
compartments: susceptible (S), exposed but not
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infectious (E), asymptomatic infectious (IA), pre-
symptomatic infectious (IP), symptomatic infectious (IS),
and removed (R). The progression through the different
compartments is described by key durations that are
known to characterize the infection transmission dy-
namics of COVID-19 (Table A1 in Supplementary Ma-
terial). Our model structure is presented in Fig. 1 and
details about the model equations and its paramet-
rization are presented in the Supplementary Material.
Given that the population is almost fully susceptible

early in the outbreak (due to a relatively small number
of cases), we assume the transmission rate for each sub-
population, β, is only affected by the implementation of
a partial lockdown during this period. Hence, we assume
that the transmission rate is a function of time β(t) =
κ(t)β0, where β0 is the baseline transmission rate (i.e.
without a partial lockdown) and κ(t) is a positive step
function that models the scaling by which a control
measure may reduce (κ < 1) or increase (κ > 1) the trans-
mission rate:

κ tð Þ ¼ 1; Before lockdown
κ; During lockdown

�

We describe the interaction between the two subpopu-
lations using two parameters, β12 and β21, to model the
successful transmission occurring upon cross-contact

between individuals of P1 and P2. The average inter-
action between socioeconomic groups is modeled by a
2 × 2 transmission matrix, which describes the disease
transmission between and within subpopulations:

β11 β12
β21 β22

� �

This transmission matrix provides a convenient means
for capturing the mixing between and within the sub-
populations, with each entry value βij modeling the aver-
age transmission of the disease from individuals in
subpopulation j to individuals in subpopulation i. In this
formulation, we assume that there exists an epidemio-
logical cross-coupling between the two socioeconomic
groups with negligible cross-migration. The mixing pat-
tern is assumed to be strongly assortative to reflect the
fact that 1) individuals interact strongly and preferen-
tially within their socioeconomic group and 2) migrant
workers reside in separate geographical locations. In par-
ticular, migrant workers are assumed to only make
short-lived visits to work in areas populated by the Ku-
waiti subpopulation. These patterns dictate that the
between-subpopulation transmission parameters β12 and
β21 (cross-transmission rates) are considerably smaller
than the within-subpopulation transmission parameters
β11 and β22. Further, individuals from both

Table 1 Socioeconomic differences between Kuwaiti and non-Kuwaiti residents in Kuwait in 2019

Kuwaitis (P1) Non-Kuwaitis (P2)

Population - N (%) 1,432,045 (30.0) 3,344,362 (70.0)

Average Monthly Income in Public Sector [15, 16] - Kuwaiti Dinar (USD)

Female 1279 (4135) 666 (2153)

Male 1807 (5841) 726 (2347)

Average Monthly Income in Private Sector [15, 16] - Kuwaiti Dinar (USD)

Female 866 (2799) 387 (1251)

Male 1417 (4581) 271 (876)

Education - N (%)

Below secondary school 521,699 (36.4) 2,265,394 (67.7)

Secondary school and above 481,407 (33.6) 552,725 (16.5)

Unknown 428,939 (30.0) 52,6243 (15.7)

Occupation* - N (%)

Manual work 21,288 (4.0) 1,148,897 (44.4)

Non-manual work 568,843 (96.2) 1,291,496 (50.0)

Not stated 1354 (0·2%) 145,865 (5·6%)

Healthcare Access Free medical, dentistry and pharmacy care Fee-for-service

Social Welfare Available Not available

Public Housing Subsidized Not available
*Occupations as per International Standard Classification of Occupations. Grouped under manual work are agriculture and fishery workers, craft and related trades
work, production monitoring and elementary occupations. Under non-manual are managers, professionals, associate professionals, clerk and sales services
workers. Population, education and income data sourced from PACI [14]
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subpopulations are assumed to have equal cross-contact
rates and response to the infection which, in turn, dic-
tates that the between-subpopulation interaction is sym-
metric, i.e. β12 = β21. For convenience, these cross-
transmission rates are taken as free adjustable parame-
ters to explore their effect on peak and cumulative inci-
dence of COVID-19 infections, with our model results
checked for sensitivity (see Table A1). The other trans-
mission rates, β11 and β22, capture the disease dynamics
within subpopulations and are assumed to reflect the
bulk of the early transmission dynamics in Kuwait where
the observed social mixing patterns dictate that early
transmission is effectively decoupled. Hence, the impact
of the partial lockdown is expected to be entirely cap-
tured by changes to the baseline values of these within-
subpopulation transmission rates. We model these
changes by allowing each subpopulation to have its own
scaling factor, κ, which we estimate by fitting our model
to the numbers of early confirmed cases in each
subpopulation.
We assume the outbreak started in both subpopula-

tions with a single infectious case on February 24, 2020
and with both subpopulations being initially susceptible.
To capture the initial heterogeneity in contact structure,
we estimate a basic reproduction number (R 0 ) for each
subpopulation by fitting their early outbreak data to an
individual modified SEIR model [19]. Similarly, we

quantify the impact of imposing a partial lockdown on
March 22, 2020 by estimating the effective reproduction
number (R e ) for each subpopulation during the lock-
down period. We note here that the impact of the partial
lockdown is inherently characterized by the scaling fac-
tor κ, where R e ¼ κR0. In other words, κ plays the role
of an effectiveness parameter for the intervention, with
values less than 1 characterizing the intervention as
effective.
Our results for both reproductive numbers are directly

derived from the estimation of two unknown model pa-
rameters for each subpopulation: β0 and κ. In short, we
derive maximum likelihood estimates (MLE) of these
unknown parameters by assuming the observed numbers
of reported cases follow a negative binomial process,
thus allowing for estimates of model uncertainty.
Optimization was carried out using the Nelder-Mead
method and parameter uncertainty was represented by
quantile-based 95% confidence intervals (CI). Our esti-
mates of the baseline and effective transmission rates are
then used to simulate the epidemic curves of each sub-
population and under various cross-transmission scenar-
ios. All of our simulations, parameter estimation and
model fitting were run in the R software environment
[20] as described elsewhere [19].
In Kuwait, COVID-19 transmission outside of the

home is mainly observed in healthcare facilities and

Fig. 1 Structure of the modified metapopulation SEIR model. The population is divided into two socioeconomic groups: Subpopulation 1 (P1)
and Subpopulation 2 (P2). Individuals within each subpopulation are divided into the following infection classes or compartments: susceptible (S),
exposed but not infectious (E), asymptomatic infectious (IA), pre-symptomatic infectious (IP), symptomatic infectious (IS), and removed (R). The
progression through the different compartments is described by key epidemiological timescales that characterize the transmission dynamics of
COVID-19 infection
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essential businesses. We assume that these are the places
where transmission occurs from individuals living in
COVID-19 reservoirs (P2) to those not living there (P1).
We explore the effect of this cross-transmission by
simulating the epidemic curves for β12 = β21 = 0.01 or
0.02 . Here β12 = 0 models the situation where isolation
of infection reservoirs is stringent. Increasing this value
simulates the situation where some individuals from P2
are allowed to work in healthcare facilities and essential
businesses.
The data and codes that support the findings of this

study are fully available from the corresponding author,
upon reasonable request.

Results
We present our estimates of the reproduction numbers
in Table 2. The basic reproduction numbers for P1 (R0;1

) and P2 (R0;2 ) are 1·08 (95% CI: 1·00–1·26) and 2·36

(2·03–2·71), respectively. Prior to the partial curfew, the
effective reproduction numbers were 1·19 (1·04–1·34)
and 1·75 (1·26–2·11) for P1 and P2, respectively. Impos-
ing a partial curfew greatly reduced the reproduction
number to 1·05 (0·82–1·26) in P1, while significantly in-
creasing it to 2·89 (2·30–3·70) in P2. These results sug-
gest that the effects of lockdowns vary across
socioeconomic groups. After imposing additional geo-
graphic isolation on P2 combined with focused testing,
contact-tracing and isolation the effective reproduction
number was reduced to 1·51 (1·13–1·96). Over this time
period, death rates for P1 were 5·59 per million inhabi-
tants, compared to 9·57 per million inhabitants for P2.
Figure 2a and b shows the subpopulation and building

densities in the country. Areas of increased population
density, in particular that of the non-Kuwaiti population
correlate geographically with increased housing density
and are almost interposable. Figure 3 highlights the daily
number of cases before and after the institution of the
lockdown in the two populations.
Simulations based on these reproduction numbers

model the effect of a partial curfew on the epidemic
curves (Fig. 4). Our simulations show that the two sub-
populations had distinct daily incidence dynamics prior
to the partial curfew, with P1 showing a significantly
lower and delayed peak incidence (about 8 times lower
than P2). After imposing the partial curfew, the two

peaks diverge further with P2 experiencing a significantly
higher and earlier peak than P1 (more than 200 times
higher than P1). In particular, the partial curfew is pre-
dicted to have had the effect of averting 21.5% of the
total COVID-19 infections and reducing the peak inci-
dence by 91.4% in subpopulation 1 (Figs. 4b and c). In
contrast, had there not been an implementation of a par-
tial curfew on subpopulation 2, our model predicts that
22% of this population would not have been infected
(Fig. 4), which is equivalent to averting COVID-19 peak
incidence by 62.5% in subpopulation 2 (Fig. 4). In the
presence of increasing cross-transmission, the flattening
effect of the NPI on P1 is compromised, suggesting that
strategies curbing the epidemic outbreak in one group
may become less effective if cross-transmission is not
sufficiently controlled.

Discussion
We demonstrate how a curfew intervention was associ-
ated with a greater negative impact of COVID-19 in
non-Kuwaiti populations of lower socio-economic status
compared to the Kuwaiti population due to an increased
in-house contact rate under curfew. A recent study by
Hamadah and colleagues further demonstrated a two-
fold increased odds of death and ICU admission in the
non-Kuwaiti population when compared to the Kuwaiti
population in Kuwait [21]. Socioeconomic and demo-
graphic factors such as ethnicity, population density,
housing conditions and education level are known to be
associated with increased transmission and mortality
from viral illness [22–25]. The same trend appears to be
manifesting in the COVID-19 pandemic globally, with a
disproportionate burden of cases and mortality in lower
socioeconomic groups [10–12]. These are the same
groups that tend to disproportionately suffer from the
unintended consequences of NPIs [26, 27].
Our study is corroborated by the COVID-19 experi-

ence in Singapore. A study by Koo and colleagues evalu-
ating a Singaporean population recommended a
comprehensive intervention involving quarantine, school
closures and workplace distancing to reduce SARS-CoV-
2 infection once community transmission was estab-
lished. They did, however, note that at R0 > 2, certain
dense residential clusters in Singapore showed strong
viral persistence despite these measures and importantly,
their study did not take into account migrant workers

Table 2 Basic and effective reproduction numbers for P1 and P2 (higher and lower socioeconomic groups respectively)

Effective reproduction number, R e Basic
reproduction
number, R 0

Subpopulation 25 Feb – 22 Mar (Prior to partial lockdown) 22 Mar – 3 Apr (After partial lockdown) 19-Apr-2020

P1 1·19 (1·04–1·34) 1·05 (0·82–1·26) 1·02 (0·91–1·14) 1·08 (1·00–1·26)

P2 1·75 (1·26–2·11) 2·89 (2·30–3·70) 1·51 (1·13–1·96) 2·36 (2·03–2·71)

* 95% Confidence Interval (CI) values are given in parentheses. P1 and P2 are the subpopulations of higher and lower socioeconomic status, respectively
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who travel daily from Malaysia to Singapore [28]. Des-
pite very successful efforts at dealing with the initial
spread of infection, a second resurgence of infections
was challenging for Singapore to cope with as the major-
ity of cases were found amongst migrant workers living
in dense dormitories [29].
Another epidemiological study from Wuhan, China

demonstrated a reduction in effective reproduction
number of SARS-CoV-2 after introduction of quarantine

and other measures from above 3·0 at baseline to less
than 0·3 after March 1st [30]. Historically, early imple-
mentation of multiple interventions are associated with
reduced disease transmission and death rates [8]. While
there is clear epidemiological rationale supporting quar-
antine as a measure for limiting viral transmission, the
evidence base continues to be weak due to difficulties in
carrying out such studies [31]. Some data has suggested
that while home quarantine can reduce community

Fig. 2 Spatial structure of the population in Kuwait. a A geographical density distribution of the Kuwaiti and Non-Kuwaiti subpopulations. b A
spatial density of the housing buildings by districts in Kuwait
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spread, it may also lead to an increase in infection of co-
habitants [31–33]. In the current epidemic, the attack
rate of SARS-CoV-2 in households appears to be in
the range of 10-16%; however, little is known about the
socioeconomic factors of these households, and we would
expect higher attack rates in crowded living conditions
[34–36].
In our study, after the institution of a partial lockdown,

there was a rise in R e of non-Kuwaitis as well as a greater
variability in the confidence interval. This may be explained
by Kuwaitis and non-Kuwaitis of higher socioeconomic sta-
tus having greater ability to stay at home and institute a
measure of physical distancing within their homes. On the
other hand, workers who are more likely to live in crowded
dormitories were now spending more time in close proxim-
ity in indoor environments without wearing masks. Had mi-
grant workers been able to physically distance themselves
and effectively practiced universal masking, the incidence of
infection could have decreased. However, cohabitants who
were shift workers could no longer stagger their time at
home as a direct result of the partial lockdown and were
forced into closer proximity. This, in addition to threats to
food and livelihood security, likely inflamed the situation
[37]. Indeed, recent evidence based on spatiotemporal data
suggested that the exponential phase of the epidemic started
in late March, after the lockdown was in place [38]. The
same study highlighted the benefits of introducing spatially
heterogeneous interventions whereby additional control
measures were localized to the migrant hotspots resulting
from the partial lockdown.
Another important observation is the modest decre-

ment in R e in Kuwaitis after the lockdown. For such an

extreme measure with such significant economic conno-
tations, we would have expected a greater effect, such as
a reduction of R e below 1·0, which signals a receding
disease transmission among Kuwaitis. This may be ex-
plained by the proximity of Kuwaitis and non-Kuwaitis,
even throughout the lockdown [24, 25]. Given that many
non-Kuwaitis provide essential services to the country,
there is a strong possibility that infection was transmit-
ted to Kuwaiti nationals despite lockdown measures in
place. It follows from this that disparities within a popu-
lation lead to worsening of disease transmission for all
components of society, a more prolonged pandemic
phase and potentially heavier impacts on the economy
as a whole. We hypothesize that more equitable societies
are likely to fare better (and more predictably) in this
pandemic than less equitable ones.
Significant attempts were made to ease the burden of

COVID-19 in non-Kuwaiti populations. Healthcare was
declared free of charge for non-Kuwaitis with COVID-
19 [39], funds were raised to support families and
workers affected by the pandemic and field hospitals and
quarantine facilities were established in the most densely
populated areas. Importantly, the crisis has led to a
heightened media focus on human trafficking and labor
laws as important culprits in the poor living conditions
of workers. This has resulted in a two-pronged govern-
ment policy: pursue and punish lawbreakers, and provide
amnesty and repatriation for workers trapped without
valid papers [37, 38, 40]. These attempts came to na-
tional attention during the pandemic to help limit dis-
ease spread by caring for vulnerable populations and
supporting a more general public health framework.

Fig. 3 Temporal dynamics of COVID-19 in Kuwait from Feb-May 2020
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Limitations
Our modeling results should be interpreted qualitatively
rather than taken as projections of the epidemic curve and

associated burdens such as mortality. Models are simplifi-
cations of a complex reality which, in our case, is con-
cerned with an emergent and complex infectious disease.

Fig. 4 a Effect of partial curfew on the epidemic curves. Model simulations of the daily infection incidence for P1 and P2 (higher and lower
socioeconomic groups respectively) before and after the partial curfew. (Overall) Simulations based on the basic reproduction numbers R 0;1 ¼ 1
�08 and R 0;2 ¼ 2 � 36. (Pre-curfew) Simulations based on pre-curfew reproduction numbers R e;1 ¼ 1 � 19 and R e;2 ¼ 1 � 75. (Post-curfew)
Simulations based on post-curfew reproduction numbers R e;1 ¼ 1 � 05 and R e;2 ¼ 2 � 89. Cross-transmission is modeled by using β12 = β12 = 0,
0 · 01, 0 · 02 to simulate an increase in uncontrolled transmission (or leak) from individuals in P2 to P1 and vice versa. Solid lines refer to P1 and
dashed lines refer to P2. Line colors refer to different infection states: Grey = asymptomatic infections, pink = pre-symptomatic & symptomatic
infections, and blue = symptomatic infections. b-c Change in the peak and overall infections of COVID-19 in P1 and P2 under different cross-
transmission scenarios. From left to right, with increasing symmetric cross-transmission between P2 and P1 (i.e. β12 = β12), less and less cases are
averted in P1 and the effect of the NPI on peak incidence is gradually blunted. The maximum averted COVID-19 infections in P1 is found in the
absence of cross-transmission. In this case, the peak incidence is reduced by 91.4% and the total infections are averted by 21.5%. Black color
refers to P1 and grey color refers to P2. (Vertical axes have been amended to highlight the differences in the effect of the intervention)
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Tackling such a complexity in a meaningful way requires
both a sufficient understanding of the disease dynamics
and sustainable access to a range of important datasets.
Our analyses, however, were restricted by limitations in
data availability which may be related to how data is col-
lected and shared publicly. At the time of writing, concise
information on a) daily testing rates, b) random testing, c)
contact tracing and isolation, d) location, demographics
and clinical manifestation of all cases was not made pub-
licly available. Without such data, our analyses could not
dissociate the effect of the infectivity of different modes of
the disease from the effectiveness parameter κ. In addition,
as the pandemic progressed, information about nationality
became more restricted. We were unable to divide non-
Kuwaiti cases into those who worked in labor and those
who were more skilled with potentially higher socioeco-
nomic status. We believe that our data largely reflects
manual workers given their initial clustering in highly
dense worker dormitories and areas. Finally, around 750,
000 non-Kuwaitis (members of Subpopulation 2) are live-
in domestic workers. However, this argues more strongly
for our case, as their dilutionary effect likely blunted the
calculated rise in R e amongst P2.
Pre-symptomatic and asymptomatic transmissions

have been confirmed to play an important role in driving
SARS-CoV-2 outbreaks, particularly in geographic areas
where case ascertainment and testing rates or scope are
low. Physical distancing mandates in such areas are be-
lieved to be an important NPI measure to control the
progression of the outbreak. However, in our case, the
living conditions of the migrant worker subpopulation
led to a paradoxical outcome. We have not attempted to
explicitly model physical distancing via compartmental
subdivision within each subpopulation. Instead we chose
parsimony by accounting for such a measure in terms of
changes in the contact frequency as captured by the ef-
fectiveness parameter κ.
While we acknowledge that at the earliest stages of the

outbreak, surveillance was mostly symptom-based, we
believe that early in the outbreak the contact-tracing
capacity in Kuwait may have been sufficiently effective
in offsetting this and hence capturing asymptomatic
cases. It is also widely acknowledged that a transparent
tracking and reporting of data from random testing and
contact tracing is vital for quantifying the levels of com-
munity transmission, acquired immunity and population
interaction. Such unavailable data is key for informing
transmission models, particularly when there is uncer-
tainty about the relative importance of the different
transmission routes of SARS-CoV-2.

Conclusions
We demonstrate how lockdown policies can paradoxic-
ally facilitate COVID-19 transmission among those who

cannot practice physical distancing in non-optimal living
conditions. To be effective, interventions intended to
promote physical distancing and isolation need to ac-
count for existing socioeconomic and health disparities.
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