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• Food delivery riders are potentially high
risk population for SARS-CoV-2 infec-
tion.

• Food delivery riders from Quito
(Ecuador) had high prevalence of
SARS-CoV-2 infection.

• Risk of SARS-CoV-2 transmission associ-
ated to food delivery deserves public
health attention.
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Aim: COVID-19 pandemic has posed an unprecedented pressure on health systems and economies worldwide.
Delivery services have grown as an alternative source of revenue formany people. Consumers generally perceive
that delivery services are safer than going into a restaurant, because they reduce exposure to other people and
their risk of SARS-CoV-2 contagion. There are no studies analyzing viral load or the burden of COID-19 within
this population. This study aims to describe the presence of SARS-CoV-2 among food delivery riders in the city
of Quito, Ecuador.
Study design: From July and August 2020, bike andmotorbike riders self-employed in two of themain online de-
livery services in Quito, Ecuador, were invited for RT-PCR testing for SARS-CoV-2 detection during the compul-
sory lockdown due to the COVID-19 pandemic. The Center for Disease Control (CDC) 2019-Novel Coronavirus
(2019-nCoV) RT-qPCR Diagnostic Panel was used to identify the presence of SARS-CoV-2 in nasopharyngeal
swabs. All samples were processed in the BSL2 certified molecular biology laboratory at Universidad de Las
Americas.
Results:A total of 22 out of 145 deliveryworkers (15.2%) tested positive for SARS-CoV-2. Themajority of workers
were men (n = 138), the average age of male workers was 32 years-old (±7.3) and 38 years-old (± 10.6) for
females. The presence of mild symptoms was reported in only 9 subjects (6%). The calculated viral load was
higher among males with 1.31E+08 copies/mL vs 2.30E+06 in females, although this difference was not statis-
tically significant (p value: 0.68, [CI:−53 to −79]).
Conclusions: The self-employed fooddelivery riders have a high incidence rate of SARS-CoV-2 infection in relation
to the national average. It is important to point out that this is the first study of its kind in Latin-American and
probably one of the very few in the world. The results emphasize the need for policy makers to look at the
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pandemic from asmany population's sub-groups as possible. Delivery riders are a highlymoving population that
offer their services to a wide range of clients, including vulnerable populations such as the elderly or those less
likely to leave their house for basic needs stoking.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

COVID-19 pandemic has posed an unprecedented pressure on
health systems and economies worldwide (Ortiz-Prado et al., 2020).
With the global recommendation of keeping social distancing and the
implementation of partial or total lockdowns many businesses like res-
taurants were forced to close. Consumers generally perceive that deliv-
ery services are safer than going into a restaurant, because reduce
exposure to other people and their risk of SARS-CoV-2 contagion. In
this scenario delivery services have grown as an alternative source of
revenue for formal businesses but also for people inserted in the gig
economy (Chang and Meyerhoefer, 2020). This led to the question of
how safe is to receive food at home or if you can get COVID-19 from
packaging and food; According to Food Standards Australia New
Zealand (FSANZ), there is little evidence to support that COVID-19 can
be transmitted through food or food packaging since European Food
Safety Authority (EFSA) has stated that food is not likely a source or
route of virus transmission (Tong, 2020).

Delivery workers have suddenly been thrust to the front lines of the
coronavirus pandemic. Most of them use an app (like Uber Eats, Glovo,
Mei tuan or Rappi) or a website to match with customers and provide
their services. The increased mobility of delivery workers, most of
them driving bikes or motorcycles, and the high number of personal
contacts put their health also at risk during the COVID-19 pandemic.
While keeping their income, delivery workers are vulnerable because
cannot rely on a stable income and are usually excluded from the
labor and social protections systems offered to formal employees
(Apouey et al., 2020).

Some mass media have reported that delivery workers are at risk of
exposure to illness at work at the same rate as nurses, social workers,
and paramedics. Also, the US Occupational Safety and Health Adminis-
tration reports that these workers may have increased risk of exposure
to SARS-CoV-2, however, there is not enough evidence available on the
risk of SARS-COV-2 infection in deliveryworkers (CDC, 2020). There are
few case reports, one in Beijing China; a 47-year-old deliveryman offer-
ing services across awide area of Beijing between June 1 and June 17de-
livering around 50 orders per days (Ji, 2020; Liu and Cao, 2020), and
another case reported in India where a pizza delivery man was positive
for SARS-CoV-2, which had contact with 72 families and 17 delivery
men who were quarantined (Clarín.com, 2020).

An interesting factor that might contribute to SARS-CoV-2 transmis-
sion is the role of the environmental and atmospheric condition in
which the food riders deliver their packages (Zhu and Xin, 2020;
Srivastava, 2020; Coccia, 2020a; Riddell et al., 2020). In urban areas,
where air pollution, highly pedestrian traffic, reduced wind speed and
atmospheric stability are common; the risk of having contaminated
aerosols floating for longer timemight represent a higher risk for conta-
gium (Manisalidis et al., 2020; Coccia, 2020b; Bashir et al., 2020; Xu
et al., 2020; Rosario Denes et al., 2020; Coccia, 2020c; Shen et al.,
2021; Haque and Rahman, 2020; Coccia, 2020d; Sarkodie and Owusu,
2020). The lack of appropriate occupational health control measures
among food riders and the highly risky behaviors in terms of mobility
and social interaction put this population on the edge between work
and safety.

In order to elucidate some of the current questions and contribute to
a clear gap in knowledge, our study aims describe the prevalence of
SARS-CoV-2 infection among food delivery riders in Quito, the capital
city of Ecuador in Latin-American.
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2. Study design

2.1. Research setting, sample and data

A Cross-sectional study to describe the incidence rate of SARS-CoV-2
infection among food delivery self-employed riders in Quito, Ecuador.
The study was performed in this city from July to August 2020. Quito
population in 2020 reached 1.9 inhabitants and its density 5401 people
per km2. The city is crossed by the equatorial line (−0.225219,
−78.5248 0° 13′ 31″ South, 78° 31′ 29″ West) in the Western Andes
mountain range. It covers around 423,000 ha and ranges from altitudes
between 500 and 4790 m above sea level. The city's climate is “Cfb”
(MarineWest Coast Climate), according to the Köppen Climate Classifi-
cation. The average temperature year-round in Quito is 14.4 °C (58.0 °F),
which varies around the day, having an average relative humidity of
75%. In Quito and due to its elevation, wind speed increases during the
summer (June–August), having an annual average of 6.8 Km/h.

According to the international developing index, Quito has a very
high score of 0.821, a GDP of USD $ 15,388 and an unemployment rate
of 8.2% for 2019. In this city, at least 1700 self-employed riders are reg-
istered in two of the biggest food delivery App-based services.

A sample size calculation based on a margin error of <5% and a con-
fidence level of 95% assuming a response distribution of 10% among the
respondents yielded a sample of 128 riders in order to achieve signifi-
cance. A non-probabilistic chain referral sampling technique was used
to engage volunteer-to-volunteer's participation. We have contacted
three of the main food delivery apps on Ecuador and only two of them
agreed to invite their riders to voluntarily participate in the study. The
human resources department of each company sent out an invitation
and the explanatory package to every volunteer and the directions to
the Universidad de las Americas (UDLA) molecular laboratory. Upon
their acceptance, 145 subjects were positively recruited for a unique na-
sopharyngeal swab testing to detect the presence of SARS-CoV-2.

2.2. Measures of variables

The socio-demographic information was obtained from the official
epidemiological record used by the local health authority and the
Minister of Public health (MoH). The presence of infection and viral
load were obtained from the nasopharyngeal swabs performed in the
group of riders and a quantitative reverse transcription polymerase
chain reaction RT-qPCR was used to identify the presence of SARS-
CoV-2 infection.

2.3. Data analysis procedure

The CDC 2019-Novel Coronavirus (2019-nCoV) RT-PCR Diagnostic
Panel was used to identify the presence of SARS-CoV-2 in nasopharyn-
geal swabs. All samples were processed in the BSL2 certified molecular
biology laboratory at Universidad de Las Americas. Nasopharyngeal
swabswere collected on 0.5mLTEpH 8buffer for SARS-CoV-2 diagnosis
by RT-qPCR following an adapted version of the CDC protocol by using
PureLink Viral RNA/DNA Mini Kit (Invitrogen, USA) as an alternate
RNA extraction method and CFX96 BioRad instrument (Interim
Guidelines for Collecting, n.d.; Freire-Paspuel et al., 2020a; Freire-
Paspuel et al., 2020b; Freire-Paspuel et al., 2020c; Freire-Paspuel et al.,
2020d; Freire-Paspuel and Garcia-Bereguiain, 2020). Briefly, the CDC
designed RT-qPCR FDA EUA 2019-nCoV CDC kit (IDT, USA) is based on



Fig. 2. Viral load of SARS-CoV-2 through RT-qPCR for 22 positive food delivery riders.
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N1 and N2 probes to detect SARS-CoV-2 and RNase P as an RNA extrac-
tion quality control (Interim Guidelines for Collecting, n.d.; Freire-
Paspuel et al., 2020a; Freire-Paspuel et al., 2020b; Freire-Paspuel et al.,
2020c; Freire-Paspuel et al., 2020d; Freire-Paspuel and Garcia-
Bereguiain, 2020). Also, negative controls (TE pH 8 buffer) were in-
cluded as control for carryover contamination, one for each set of RNA
extractions, to guarantee that only true positives were reported. For
viral loads calculation, the 2019-nCoV N positive control (IDT, USA)
was used, provided at 200.000 genome equivalents/mL.

3. Results and discussion

A total of 22 out of 145 delivery staff have tested positive for SARS-
CoV-2 through the RT-qPCR technique, yielding a point prevalence of
15.2%. The majority of delivers were men (n = 138) and the average
age for men and women were 32 and 38 years of age, respectively
(Fig. 1). The incidence proportion in men was 15.2% (21/138) and
among women 28.6% (2/7). Most participants reported no symptoms re-
lated to COVID-19,mild symptomswere reported only by 9 subjects (6%).

The calculated viral load was higher among males with 1.31E+08
copies/mL vs 2.30E+06 in females, although this difference was not sta-
tistically significant (p value: 0.68, [CI:−53 to−79]) See details on Fig. 2.

Since the emergence of the SARS-CoV-2 pandemic, many activities
were affected and economies worldwide were affected dramatically
(Nicola et al., 2020). Confinement and social distancing pushed many
business to the burden of their limits, having thousands of companies
shutting down and increasing unemployment to dramatically high levels
(Kawohl and Nordt, 2020). This situation forcedmillions of people to stay
at home, slowing economies worldwide. In this sense, beside health
workers, law enforcement officials and other very few job categories con-
tinue to work non-stop during the pandemic. One of those populations
are self-employed from food deliveries online based companies.

Food delivery riders work all day to provide food and other services
to people worldwide. These new types of self-employed riders are often
male immigrants who are situated within intersectional and
interlocking systems of global conflicts, massive immigration and in-
tense time pressures by restaurants and customers (Lee, 2018). In
Ecuador and other Latin American countries delivery riders are fre-
quently Venezuelan immigrants thatmassively left their country during
the last 3 years due to a dramatic economical crisis, sometimes working
under abusive long hours shifts, and also suffering precarious economic
situations and reduced access to health services (Martínez, 2019).
Fig. 1. Age and sex distribution of SARS-CoV-2 test positivity a
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Our data shows a high prevalence up to 15.2% for SARS-CoV-2 infec-
tion among food delivery riders in Quito, Ecuador. These results suggest
that food riders might have higher prevalence of SARS-CoV-2 infection
that other workers, as it has been previously proposed (Nguyen and
Vu, n.d.; WHO, 2020). In one recently published study, Ortiz-Prado
et al., 2020 described the prevalence of COVID-19 among several profes-
sions, careers and occupations, andup toApril 2020. Using their publicly
available data we calculated that medical doctors have a point preva-
lence of 13.6%, politicians 4.7%, civil security personnel 3.2% and blue
collar jobs 1.5% in relationship with the total number of available infor-
mation about how many professionals are registered. In comparison
with local urban prevalence rates reported, food riders seem to have
higher attack rates than the rest of the population at risk. For instance,
in the city of Quito the overall attack rate was reported to be 7.14% in
November 2020 and for Guayaquil, the second biggest city in Ecuador,
only 2.12% (Ortiz-Prado et al., 2021).

These results suggest that food delivery companies should perform
SARS-CoV-2 tests on their employees, as they are constantly moving
mong the 145 food delivery riders included on the study.
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and in contact with multiple people throughout their journey, to avoid
SARS-CoV-2 spread. Unpublished information offered from one of the
companies involved in our investigation reported an increase in more
than 250% of their profits during the first threemonths of the total lock-
down in Ecuador, scoring an average of 17 trips per rider during the
same time. Although is clear that the number of food delivery riders
has increased significantly, very few reports have demonstrated their
implications during this pandemic. For instance, a case report from
India shows that a single delivery worker tested positive for SARS-
CoV-2 was in contact with 72 families that need to be quarantined
(Clarín.com, 2020).

The proposed mechanisms for this unusually high prevalence of
infection among food riders relies on several factors and residual
co-factors that are hard to track. Although in the majority of scenar-
ios delivery is done outdoors by a food rider wearing a mask, due to
extenuation and the speed required to deliver on time, the riders
might decrease the degree of their protection as the day continues.
This is important to point out since it would be valuable to generate
local or national recommendations and potential solutions to reduce
the risk. For example, the delivery staff would be requested via rule/
law to drop to food outside the door and inform the recipient and
leave upon confirming its receipt by the client. Another option al-
though highly implemented worldwide is to mandate online pay-
ments only. There are few studies that have shown the potential
risk of handling money in terms of SARS-CoV-2 transmission
(Harbourt et al., 2020; Riddell et al., 2020).

Around the world, different strategies have been proposed to guar-
antee the health of the delivery workers and of those who make use
of their services, among these strategies, is Contact-free delivery,
which is carried out in different ways as in the USA deliveries are left
in the door of the house, or in Vietnam where delivery workers leave
the meals at the designated position, standing 2 m away to await cus-
tomers (Lee, 2018; Martínez, 2019; Nguyen and Vu, n.d.). Other strate-
gies used are the strict use of new face masks, gloves, and hand
sanitizers. Delivery workers should wear new face masks and gloves,
and frequently apply hand sanitizers to minimize contamination with
the novel coronavirus, the use of E-Wallet (i.e., digital) or credit card
payment method to limit contact with delivery workers and it is also
recommended that customers should discard the packaging as soon as
possible and wash hands immediately after (Harbourt et al., 2020; Lee,
2018; Martínez, 2019; Nguyen and Vu, n.d.).

The World Health Organization (WHO) recommends that people
and companies who work with breaths follow strict hygiene standards
such as proper handwashing, use of alcohol-based hand sanitizers, pro-
viding personal protective equipment such as masks, hair nets, dispos-
able gloves, frequent cleaning/disinfection of work surfaces and
touchpoints such as door handles (WHO, 2020).

We found that food delivery riders are difficult to follow-up and
track. Once the diagnosis was established, results were provided indi-
vidually by email or cell phone number and the results were communi-
cated anonymously to the hiring company. However, when we wanted
to get more information about other sociodemographic variables, very
few agreed to share such a detail. This situation might respond to their
precarious situation and their immigration status that could jeopardize
the follow-up and the obtainment of information.

One of themain limitation of our study is that is difficult to extrapo-
late our results to other cities in the world. First, not everywhere food
riders share the same socio-demographic characteristics as in Quito.
Second, the environmental and atmospheric conditions in which the
riders work in Quito (low barometric pressure, high pollution, 75% hu-
midity and high-speed winds during the summer) are not the same
for other cities worldwide. So far, further studies are needed in order
to conclude if food delivery is highly associated with an increased
SARS-CoV-2 transmission or the social factors behind food riders are re-
sponsible for the reported significantly high prevalence of COVID-19
among food riders.
4

4. Conclusions

The high prevalence of SARS-Cov-2 found in riders in Quito showed
how vulnerable this population might be, with higher prevalence that
even healthcare workers. So, this group could represents a potential
source of transmission of SARS into the community at the city of Quito
if no diagnosis is implemented.

The food delivery companies that have participate in this study are
probably taking actions to reduce trasmission, nevertheless, the other
companies out there should implement a frequent preventive testing
scheme in their employees as well as develop strategies and provide
tools for safe work for themselves and customers.

As the results show, these people, being asymptomatic, are not
aware that they are infected, representing a health risk for both the
company for which they work as well as the people who use their ser-
vices, they are even a risk for their own families.

Since the results suggest that most of them are asymptomatic, we
suggest more aggressive testing and contact tracing strategies in order
to reduce the risk for other populations.

Ethical approval

All participants signed an informed consent to participate freely and
voluntarily in the molecular diagnosis of SARS-CoV-2. In Ecuador diag-
nosis and testing for COVID-19 does not require IRB approval and anon-
ymous data collected can be published without restrictions as long as
data is anonymized. The University received a government approval
for testing for SARS-CoV-2 within its facilities and addition to access to
the epidemiological surveillance system VIEPI in Ecuador.

Funding

This study was funded by Universidad de Las Américas and by
Fundación CRISFE (Fondo “Sumar juntos”).

CRediT authorship contribution statement

All authors participate on study design, data collection, writing and
editing of the manuscript.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

We would like to thank the food delivery companies that have col-
laborated with this study. This action demostrates its interest and re-
sponsibility within their employees. We also want to thank the
deliverers who took the time to collaborate with the study, even setting
aside time for their informal activities of distributing food and goods
during the pandemic. To the Molecular Biology Laboratory at
Universidad de Las Americas for providing free SARS-CoV-2 testing to
all study participants and to Raul Fernandez who collaborated in part
of the analysis and the complete design of Fig. 1.

References

Apouey, B., Roulet, A., Solal, I., Stabile, M., 2020. Gig workers during the COVID-19 crisis in
France: financial precarity and mental well-being. J. Urban Health 1–20.

Bashir, M.F., Bilal, B.M., Komal, B., 2020. Correlation between environmental pollution in-
dicators and COVID-19 pandemic: a brief study in Californian context. Environ. Res.
109652. https://doi.org/10.1016/j.envres.2020.109652.

CDC, 2020. What Food and Grocery Pick-Up and Delivery Drivers Need to Know about
COVID-19 [Internet]. Centers for Disease Control and Prevention. [cited 2020 Sep

http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0005
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0005
https://doi.org/10.1016/j.envres.2020.109652


E. Ortiz-Prado, A.R. Henriquez-Trujillo, I.A. Rivera-Olivero et al. Science of the Total Environment 770 (2021) 145225
27]. Available from. https://www.cdc.gov/coronavirus/2019-ncov/community/orga-
nizations/food-grocery-drivers.html.

Chang, H.-H., Meyerhoefer, C., 2020. COVID-19 and the Demand for Online Food Shopping
Services: Empirical Evidence from Taiwan. National Bureau of Economic Research. .

Clarín.com, 2020. Coronavirus en India: un repartidor de pizza dio positivo y debieron
aislar a 72 familias [Internet]. Clarin Internacional. [cited 2020 Sep 12]. Available
from:. https://www.clarin.com/internacional/coronavirus-india-repartidor-pizza-
dio-positivo-debieron-aislar-72-familias_0_QvWRI-9BE.html.

Coccia, M., 2020a. Factors determining the diffusion of COVID-19 and suggested strategy
to prevent future accelerated viral infectivity similar to COVID. Sci. Total Environ. 729.

Coccia, M., 2020b. An index to quantify environmental risk of exposure to future epi-
demics of the COVID-19 and similar viral agents: theory and practice. Environ. Res.
https://doi.org/10.1016/j.envres.2020.110155.

Coccia, M., 2020c. The effects of atmospheric stability with low wind speed and of air pol-
lution on the accelerated transmission dynamics of COVID-19. Journal: International
Journal of Environmental Studies. https://doi.org/10.1080/00207233.2020.1802937.

Coccia, M., 2020d. How do low wind speeds and high levels of air pollution support the
spread of COVID-19? Atmospheric Pollution Research https://doi.org/10.1016/j.
apr.2020.10.002 PII S1309-1042(20)30293-2.

Freire-Paspuel, Byron, Garcia-Bereguiain, Miguel Angel, 2020 Oct 25. Analytical sensitivity
and clinical performance of a triplex RT-qPCR assay using CDC N1, N2, and RP targets
for SARS-CoV-2 diagnosis. Int J Infect Dis. 102, 14–16. https://doi.org/10.1016/j.
ijid.2020.10.047.

Freire-Paspuel, Byron, Vega-Mariño, Patricio, Velez, Alberto, Castillo, Paulina, Cruz,
Marilyn, Garcia-Bereguiain, Miguel Angel, 2020 My 22a. Evaluation of nCoV-QS
(MiCo BioMed) for RT-qPCR Detection of SARS-CoV-2 from nasopharyngeal samples
using CDC FDA EUA qPCR Kit as a gold standard: an example of the need of validation
studies. J Clin Virol. 128, 104454. https://doi.org/10.1016/j.jcv.2020.104454.

Freire-Paspuel, B., Vega-Mariño, P., Velez, A., Castillo, P., Gomez-Santos, E.E., Cruz, M.,
Garcia-Bereguiain, M.A., 2020 Jun 23b. Cotton-tipped plastic swabs for SARS-CoV-2
RT-qPCR diagnosis to prevent supply shortages. Front. Cell. Infect. Microbiol. 10,
356. https://doi.org/10.3389/fcimb.2020.00356 (eCollection 2020).

Freire-Paspuel, Byron, Vega-Mariño, Patricio, Velez, Alberto, Castillo, Paulina, Cruz,
Marilyn, Garcia-Bereguiain, Miguel Angel, 2020 Dec. Sample pooling of RNA extracts
to speed up SARS-CoV-2 diagnosis using CDC FDA EUA RT-qPCR kit. Virus Research
290, 198173. https://doi.org/10.1016/j.virusres.2020.198173.

Freire-Paspuel, Byron, Vega-Mariño, Patricio, Velez, Alberto, Cruz, Marilyn, Perez,
Franklin, Garcia-Bereguiain, Miguel Angel, 2020 Nov 18d. Analytical and clinical com-
parison of Viasure (CerTest Biotec) and 2019-nCoV CDC (IDT) RT-qPCR kits for SARS-
CoV2 diagnosis. Virology. 553, 154–156. https://doi.org/10.1016/j.virol.2020.10.010.

Haque, S.E., Rahman, M., 2020. Association between temperature, humidity, and COVID-
19 outbreaks in Bangladesh. Environ Sci Policy 114, 253–255.

Harbourt, D.E., et al., 2020. Modeling the stability of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) on skin, currency, and clothing. PLoS Negl. Trop. Dis.

Interim Guidelines for Collecting, d. Handling, and Testing Clinical Specimens from Per-
sons for Coronavirus Disease 2019 (COVID-19). Center for Diseases Control and Pre-
vention, USAhttps://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-
specimens.html.

Ji, Y., 2020. Beijing launches massive COVID-19 testing on couriers, food deliverymen -
Global Times [Internet]. Global Times. [cited 2020 Sep 12]. Available from. https://
www.globaltimes.cn/content/1192239.shtml.
5

Kawohl, W., Nordt, C., 2020. COVID-19, unemployment, and suicide. Lancet Psychiatry 7
(5), 389–390.

Lee, D.J., 2018. Delivering Justice: Food Delivery Cyclists in New York City.
Liu, C., Cao, S., 2020. Beijing deliveryman who sends 50 orders per day confirmed with

COVID-19 - Global Times [Internet]. Global Times. [cited 2020 Sep 12]. Available
from:. https://www.globaltimes.cn/content/1192565.shtml.

Manisalidis, I., Stavropoulou, E., Stavropoulos, A., Bezirtzoglou, E. 2020. Environmental
and health impacts of air pollution: a review. Frontiers in Public Health; 8, art. no. 14.

Martínez, A.D., 2019. App capitalism: the global explosion of apps like Uber, Glovo,
Deliveroo, and Rappi has generated new ways of exploiting Latin American labor,
as “collaborators” struggle to be considered workers. NACLA Rep. Am. 51 (3),
236–241.

Nguyen THD, Vu DC. Food delivery service during social distancing: proactively
preventing or potentially spreading Coronavirus Disease–2019? Disaster Med Public
Health Prep.:1–2.

Nicola, M., Alsafi, Z., Sohrabi, C., Kerwan, A., Al-Jabir, A., Iosifidis, C., et al., 2020. The socio-
economic implications of the coronavirus pandemic (COVID-19): a review. Int J Surg
Lond Engl. 78, 185.

Ortiz-Prado, E., Simbaña-Rivera, K., Gómez-Barreno, L., Rubio-Neira, M., Guaman, L.P.,
Kyriakidis, N.C., et al., 2020. Clinical, molecular and epidemiological characterization
of the SARS-CoV2 virus and the Coronavirus disease 2019 (COVID-19), a comprehen-
sive literature review. Diagn. Microbiol. Infect. Dis. 115094.

Ortiz-Prado, E., Simbaña-Rivera, K., Barreno, L., Diaz, A., Moyano, C., Arcos, V., Vasconez-
Gonzales, E., et al., 2021. Epidemiological, socio-demographic and clinical features
of the early phase of the COVID-19 epidemic in Ecuador. PLoS Negl. Trop. Dis. in press.

Riddell, S., Goldie, S., Hill, A., Eagles, D., 2020. The effect of temperature on persistence of
SARS-CoV-2 on common surfaces. Virology.

Rosario Denes, K.A., Mutz Yhan, S., Bernardes Patricia, C., Conte-Junior Carlos, A., 2020. Re-
lationship between COVID-19 and weather: case study in a tropical country. Int.
J. Hyg. Environ. Health 229, 113587.

Sarkodie, S.A., Owusu, P.A., 2020. Impact of meteorological factors on COVID-19 pan-
demic: evidence from top 20 countries with confirmed cases. Environ. Res. 191,
110101.

Shen, L., Zhao, T., Wang, H., Zhu, Y., Shu, Z., 2021. Importance of meteorology in air pollu-
tion events during the city lockdown for COVID-19 in Hubei Province, Central China.
Sci. Total Environ. 754, 142227.

Srivastava, A., 2020. COVID-19 and air pollution and meteorology-an intricate relation-
ship: a review. Chemosphere 263 1282-97.

Tong, 2020. Can COVID-19 be transmitted through takeaway food or packaging? [Inter-
net]. Diabetes Queensland. [cited 2020 Sep 12]. Available from:. https://www.
diabetesqld.org.au/news/can-covid-19-be-transmitted-through-takeaway-food-or-
packaging/.

WHO, 2020. COVID-19 and Food Safety: Guidance for Food Businesses [Internet]. WHO.
[cited 2020 Sep 12]. Available from. https://www.who.int/publications-detail-redi-
rect/covid-19-and-food-safety-guidance-for-food-businesses.

Xu, K., Cui, K., Young, L.-H., Hsieh, Y.-K., Wang, Y.-F., Zhang, J., et al., 2020. Impact of the
COVID-19 event on air quality in Central China. Aerosol Air Qual. Res. 20, 915–929.

Zhu, Y., Xin, J., 2020. Association between ambient temperature and COVID-19 infec-
tion in 122 cities from China. Sci. Total Environ. https://doi.org/10.1016/j.
scitotenv.2020.138201.

https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/food-grocery-drivers.html
https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/food-grocery-drivers.html
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0020
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0020
https://www.clarin.com/internacional/coronavirus-india-repartidor-pizza-dio-positivo-debieron-aislar-72-familias_0_QvWRI-9BE.html
https://www.clarin.com/internacional/coronavirus-india-repartidor-pizza-dio-positivo-debieron-aislar-72-familias_0_QvWRI-9BE.html
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0030
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0030
https://doi.org/10.1016/j.envres.2020.110155
https://doi.org/10.1080/00207233.2020.1802937
https://doi.org/10.1016/j.apr.2020.10.002
https://doi.org/10.1016/j.apr.2020.10.002
https://doi.org/10.1016/j.ijid.2020.10.047
https://doi.org/10.1016/j.ijid.2020.10.047
https://doi.org/10.1016/j.jcv.2020.104454
https://doi.org/10.3389/fcimb.2020.00356
https://doi.org/10.1016/j.virusres.2020.198173
https://doi.org/10.1016/j.virol.2020.10.010
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0075
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0075
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf2040
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf2040
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://www.globaltimes.cn/content/1192239.shtml
https://www.globaltimes.cn/content/1192239.shtml
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0090
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0090
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0095
https://www.globaltimes.cn/content/1192565.shtml
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0105
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0105
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0105
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0105
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0110
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0110
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0110
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0115
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0115
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0115
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf2030
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf2030
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf2020
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf2020
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0120
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0120
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0120
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0125
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0125
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0125
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0130
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0130
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0130
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0135
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0135
https://www.diabetesqld.org.au/news/can-covid-19-be-transmitted-through-takeaway-food-or-packaging/
https://www.diabetesqld.org.au/news/can-covid-19-be-transmitted-through-takeaway-food-or-packaging/
https://www.diabetesqld.org.au/news/can-covid-19-be-transmitted-through-takeaway-food-or-packaging/
https://www.who.int/publications-detail-redirect/covid-19-and-food-safety-guidance-for-food-businesses
https://www.who.int/publications-detail-redirect/covid-19-and-food-safety-guidance-for-food-businesses
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0150
http://refhub.elsevier.com/S0048-9697(21)00291-6/rf0150
https://doi.org/10.1016/j.scitotenv.2020.138201
https://doi.org/10.1016/j.scitotenv.2020.138201

	High prevalence of SARS-�CoV-�2 infection among food delivery riders. A case study from Quito, Ecuador
	1. Introduction
	2. Study design
	2.1. Research setting, sample and data
	2.2. Measures of variables
	2.3. Data analysis procedure

	3. Results and discussion
	4. Conclusions
	Ethical approval
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References




