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Summary

Background COVID-19g has exacerbated health inequalities worldwide. Yet, such a perspective has not been investi-
gated in specific healthcare workers and their resulting inclusion as a priority group for vaccination have been an
important focus of political and social discussion. This study aimed at investigating whether SARS-CoV-2-seroposi-
tivity in healthcare workers in a public hospital in Rio de Janeiro, Brazil, was influenced by social determinants of
health and the social vulnerability in subgroups of workers.

Methods A serological survey was conducted in 1,154 healthcare workers in June and July 2020. The association between
the serological test results for detection of IgG antibodies to SARS-CoV-2 and socioeconomic, occupational characteristics
and transportation used by the workers to commute was assessed using the Pearsons chi-square test and Cramer’s V.

Findings Overall, the serum prevalence for the virus in the healthcare workers was 30% (342/1141). Non-white work-
ers (208/561) with lower income (169/396) and schooling (150/353), as well as users of the mass transportation sys-
tem (157/246) showed the highest infection rates. Importantly they mostly corresponded to hospital support
workers (131/324), in particular the cleaning personnel (42/70). Accordingly, income, schooling and work modality
appeared as negative predictors, as ascertained by forest plot analysis.

Interpretations The data clearly illustrate the inequality in SARS-CoV-2 infection in the Brazilian population, com-
prising even healthcare workers of the Brazilian unified health system.

Fundings This study was financed by Fiocruz, CNPq, Faperj, Capes, FOCEM/Mercosur and the Coordenacao de
Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) — Finance Code oo1.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: healthcare workers; healthcare professionals; support workers; SARS-CoV-2 seroprevalence; COVID-19;
social determinants of health; inequality

Introduction

The COVID-19 pandemic is unprecedented in world
history, despite global efforts to prevent its spread.’
Although the novel coronavirus was initially viewed as

Abbreviations: SARS-CoV-2, Severe acute respiratory syndrome
coronavirus 2; IgG, Immunoglobulin G
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democratic and nondiscriminatory, the disease has exac-
erbated existing inequalities, as observed in various
studies,” * demystifying a widely spread but false
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Articles

Research in Context

Evidence before this study

Health inequalities involve, not only disparities in income
and wealth, but also differences in opportunities, based
on ethnicity, race, gender, schooling, occupational expo-
sure, disabilities, sexual orientation, and even geographic
location. Despite important strides in overall health indica-
tors, Brazil is still among the ten most unequal countries in
the world. In respect to COVID-19, various studies recently
investigated seroprevalence to SARS-Cov-2 in healthcare
workers, considering this group to be more exposed than
the general population.

Added value of this study

Our study used a cohort of health workers and clearly
shows the inequities of the COVID-19 pandemics in rela-
tion to social determinants. Overall, the serum prevalence
for the virus in the healthcare workers was higher in non-
white workers with lower income and schooling as well as
users of the mass transportation system. Importantly, they
mostly corresponded to hospital support workers, in partic-
ular the cleaning personnel. Accordingly, income, school-
ing and work modality appeared as negative predictors, as
ascertained by forest plot analysis.

Implication of all the available evidence

The non-democratic distribution of SARS-CoV2 infection
is clearly shown even in a population of health care
workers as the one revealed herein. Population vulnera-
bility is related to social and economic parameters,
bypassing biological susceptibilities. These results can
drive public policies for the protection and vaccination
of the most vulnerable group, especially given situa-
tions of shortages of inputs and vaccines.

scientific consensus, like the Spanish flu epidemic in
1918, when it was claimed that the flu affected rich and
poor alike, a claim challenged by the researcher Edgar
Syndenstricker.” The current pandemic is not different,
as shown by the social conditions in which people live
and work, the social determinants of health.

Health inequalities involve, not only disparities in
income and wealth, but also differences in opportuni-
ties, based on ethnicity, race, gender, schooling, occupa-
tional exposure, disabilities, sexual orientation, and
even geographic location.” Despite important strides in
overall health indicators, Brazil is still among the ten
most unequal countries in the world.®

There is a growing body of studies in healthcare work-
ers as a group, consisting of healthcare professionals and
support workers. In respect to COVID-19, various studies
recently investigated seroprevalence to SARS-Cov-2 in
healthcare workers as a whole, considering this group to
be more exposed than the general population.” ™ The
data dearly illustrate the inequality in SARS-CoV-2

infection in the Brazilian population, comprising even
healthcare workers of the Brazilian unified health system.

Studies of seroconversion in workers and the predomi-
nant profile of infected individuals are important for better
designing safe workplaces and maintaining effective
health services, including exposures associated with spe-
cific jobs and individuals, determining whether transmis-
sion is associated with social determinants and/or
represents direct exposure to COVID-19 patients. In addi-
tion, such studies can drive public policies for the protec-
tion and vaccination of this group, especially given
situations of shortages of inputs and vaccines."

Herein, we investigated whether SARS-CoV-2 sero-
positivity of workers in a public hospital in Rio de
Janeiro, the second largest city in Brazil”, was influ-
enced by social determinants of health and the social
vulnerability of its personnel.

Methods
A cross-sectional study was performed in the National
Institute of Women, Children, and Adolescent Health
“Fernandes Figueira” (IFF), a public tertiary hospital
unit specializing in maternal and child healthcare in the
framework of the Oswaldo Cruz Foundation (FIOC-
RUZ), located in the city of Rio de Janeiro.

Data were collected through the dataset generated with
a questionnaire, and blood samples were designed in the
study entitled “Clinical and immunological characteristics
of children, adolescents, and adults with COVID-19 diag-
nosis: COVID-19 Kids Project”, which was submitted to
the Institutional Review Board of IFF (CEP/IFF) under
identification number 30487120.2.0000.0008 and
approved under review number 4.100.148. There was no
discrimination in the selection of research subjects or
exposure to unnecessary risks.

Study population

In June and July 2020, an invitation to participate was
sent to all hospital workers, including both healthcare
professionals and support workers. Symptomatic work-
ers were on sick leave and did not participate in the
study. Data collection considered every healthy worker
who responded to the questionnaire. All the workers
were residents in the state of Rio de Janeiro.

Serology

SARS-CoV-2 IgG antibodies were detected with ELISA
as previously published.'® The serological test was per-
formed in a blood sample for semiquantitative investi-
gation of SARS-CoV-2 IgG antibodies with commercial
kits manufactured by Euroimmun, with 99.4% sensitiv-
ity and 99.6% specificity and according to the man-
ufacturers instructions. Plates were read in the
spectrophotometer at 450onm for recording the optic
density (O.D) of each sample, which was then divided
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by the calibrators average O.D. This calculation identi-
fies positive IgG results for values above 1.1, negative
IgG for values below 0.8, and indeterminate results for
values between 0.8 and 1.0.

Blood sample collection

Voluntary serological testing was offered to workers
during their working hours, maintaining safety proto-
cols and distancing. Interested individuals scheduled
their testing and appeared at the testing facility. The
blood sample collection team was prepared technically,
and samples were stored at adequate temperature. Prior
to blood sample collection, workers completed an online
self-administered questionnaire with sociodemographic
data (race, gender, schooling, income, health insurance,
and number of residents in the household); and work
data (department or area of work in the hospital, type of
work, workweek, shift, existence of other employment,
and job performed). Moreover, data were later collected
in terms of the means of transportation for commuting
to and from the hospital. Workers were allowed not to
answer any specific questions, which led to variation in
the number of answers for each item.

Data survey

Sociodemographic data. For purposes of the data
analysis, for the race variable, indigenous, brown, and
black individuals were grouped as “non-whites”, resulting
in only two groups: whites and non-whites. For the sex var-
iable, although it was an open question, the only answers
were “female” and “male”, although some subjects left
this item blank. For schooling, we grouped the answers
into complete high school, complete undergraduate uni-
versity, and more than complete undergraduate university.
For income, the question was related to the person's
income in multiples of the monthly minimum wage
(MW), with one monthly minimum wage being equivalent
to approximately US$ 220.00. We grouped individuals
into < 3 MW; 4-5 MW, >5 and < 10 MW, and > 10 MW.
Having a private health plan was dichotomized as yes or
no. As for the number of residents in the household, we
grouped the open answers as follows: living alone, 2 to 4
residents, and 5 to 8 residents.

Data on work at the hospital. We classified work-
places according to time in contact with patients as fol-
lows: high exposure as places in direct clinical contact
with patients (in-patient and out-patient departments);
medium exposure as places with indirect contact with
patients (reception, gates, kitchen, information technol-
ogy (IT), maintenance, and engineering); and low expo-
sure, places without contact with patients
(administrative  staff, ~management, classroom,
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laboratories, waste disposal). Of note, this hospital does
not have a specific area for treating COVID-19 patients.
Workweek was grouped as: <30 hours, 30-40 hours,
and >40 hours. As for job position, workers were
grouped as healthcare professionals, including all pro-
fessions with specific training in health (physicians,
nurses, nurse technicians, physical therapists, psycholo-
gists, speech therapists, occupational therapists, nutri-
tionists, pharmacists, social workers, etc.) and support
workers, including the other hospital workers (adminis-
trative staff, maintenance staff, drivers, cleaning work-
ers, IT staff, etc.). Work modality was classified as daily
versus on-duty shift work. Shifts were classified as day-
time or night-time. As for the existence of other employ-
ment, workers were asked whether they worked in
another hospital besides the study site.

Data on commuting to and from the hospital.
Subjects were asked what means of transportation they
used to commute between home and work and back.

Statistical analysis

The descriptive analysis presented the absolute and rela-
tive frequencies of the target variables. Pearsons chi-
square test was used to verify the association between
SARS-CoV-2 seroprevalence and sociodemographic,
work, and commuting characteristics. The analyses
were performed with SPSS, version 22, with statistical
significance set at 5%.

To analyze the correlation between the variables,
Pearson's chi-square test was performed and the level of
correlation was calculated using Cramer's V. To ascer-
tain the predictive power of the variables together and
their respective importance, a forest plot was carried out
using the variables race, sex, schooling, income, private
health plan, number of residents, work modality, work-
week, shift, other employment, occupation, and type of
means of transport used.

Role of the funding source

The funders had no role in data collection, analysis, or
interpretation; trial design; patient recruitment; or any
aspect pertinent to the study.

Results

During the first phase of SARS-CoV-2 serological test-
ing at IFF/Fiocruz in June-July 2020. Specific serology
for SARS-CoV2 identifies individuals who have been
previously infected, regardless of symptomatology. A
total of 1,154 workers were tested, of whom 11 yielded
indeterminate results and 2 did not have this informa-
tion. Of the remaining 1,141 IgG results, 30.0% (342) of
the workers tested positive and 70.0% (799) tested neg-
ative, still in the first quarter of the pandemic in Brazil.
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Table 1: Sociodemographic data on healthcare workers tested
for SARS-CoV-2 in a Brazilian hospital.

* Percentages calculated by excluding cases with missing
information.t One monthly minimum wage = BRL 1,045.00 or U$

220.00.

As for the study populations sociodemographic data
(Table 1), 50.3% of the workers (568) self-identified as
whites and 49.7% (561) as non-whites. For gender, 74.6%
(848) were women and 25.4% (289) were men. As for
schooling, 31.2% (353) had only studied up to high school.
For income from wages, 36% (396) reported income less
than or equal to 3 minimum wages (approximately US$
660.00 per month). Most of the workers, 79.2% (879),
had private health plans. Only 11.8% (116) of the workers
lived alone. The number of infected versus non-infected
individuals was slightly higher in individuals living with
SARS-CoV2 positive (63.2% pos X 37.8% neg) or sus-
pected positive pals (55.9% pos X 44.1% neg).

As for the characteristics of the work performed
(Table 2), the workers were evenly split between 48.5%
(492) daily work and 51.5% (522) on-duty shifts. Of all the
workers, 71.6% (735) reported workweeks greater than
40 hours. Daytime shifts were reported by 86.1% (945) of
shift workers, 69.8% (748) of the total were healthcare
professionals, and two-thirds or 67.8% (713) occupied job
positions with high exposure to SARS-CoV-2.

Concerning workers’ commuting from home to the
hospital and back (Figure 1), 79.2% (499) used a single
means of transportation. Among the types of high-den-
sity public transportation, buses (46%) were the most
widely used by the workers.

Variable n %* Variables n %
Race Work modality

White 568 50.3% Daily 492 48.5%

Non-white 561 49.7% On-duty shift 522 51.5%
Sex Workweek

Female 848 74.6% <30 hours 127 12.4%

Male 289 25.4% 30-40 hours 165 16.1%
Schooling >40 hours 735 71.6%

Complete secondary school or less 353 31.2% Shift

Complete undergraduate university 310 27.4% Daytime 945 86.1%

More than complete undergraduate university 468 41.4% Nighttime 153 13.9%
Income Other employment

<3MW 396 36.0% No 753 67.6%

4-5 MW 157 14.3% Yes 361 324%

More than 5 and < 10 MW 264 24.0% Occupation

More than 10 MW 282 25.7% Healthcare professionals 748 69.8%
Private health plan Support workers 324 30.2%

No 231 20.2% Workplace exposure to SARS-CoV-2

Yes 879 79.2% Low exposure 223 21.2%
Number of residents in the household Medium exposure 116 11.0%

Living alone 116 11.8% High exposure 713 67.8%

1 to 4 residents 743 75.4%

5 to 8 residents 126 12.8% Table 2: Types of job activities performed by workers.

*Percentages calculated by excluding cases with missing information.

As shown in Table 3, when analyzing the socioeco-
nomic variables and the types of work activities per-
formed in relation to ELISA results, race, schooling,
income, job position, and type of exposure were signifi-
cantly associated with the SARS-CoV-2 test result. For
race, 37.1% (208) of non-whites tested positive, com-
pared to 23.1% (131) of whites. Level of schooling was
inversely associated with SARS-CoV-2 seropositivity, as
was income. Even though no statistically significant
association was found between number of residents in
the household and the work modality in relation to the
serological results, there were higher proportions of
positive tests in households with 5 to 8 residents
(38.9%) and in on-duty shift workers (34.3%).

The results indicated that having another job did not
increase the test positivity, since 32% of workers without
another job tested positive, compared to 25.5% in work-
ers who did have another job. As for job positions, we
observed that 40.4% (131) of support workers tested pos-
itive for SARS-CoV-2 IgG antibodies, compared to only
25.0% (187) of healthcare professionals. Concerning the
level of potential exposure to SARS-CoV-2, 40.9% (47)
of workers with medium exposure tested positive, com-
pared to 27.5% (194) and 26.8% (59) in workers with
high and low exposure, respectively.

In the different categories of support workers (Table 4),
60.0% (42) of cleaning workers tested positive, compared
to only 25% (187) of healthcare professionals.

Among the means of transportation for commuting
between home and the hospital and back, all types of
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A

Walking, own motorcycle or own car: 48,6%
Bus: 46,0%

Train or subway: 17,9%

Uber or taxi: 7,8%

B 100

792

184

22 02
1 2 3 4
Number of means of transportation used

Figure 1. Frequency of means of commuting used by health workers at the IFF/Fiocruz. Panel A depicts a circular graph with percen-
tages (%) of means of transportation, with walking, own motorcycle, and own car being the most widely used form of commuting.
Panel B shows a bar graph comparing the number of transportations used per worker (x axis) and relative frequency (y axis), show-

ing that 79.2% of workers used only one means of transportation.

transportation showed statistically significant associa-
tions with the serological results (Table 5). Workers that
used mass transportation (train, subway, and bus)
showed significantly higher positive test results than
those using other means of transportation. Workers
that used lower density commuting (walking, car,
motorcycle, taxi) showed lower rates of positive test
results than those commuting by other means of trans-
portation.

All analyzed variables were correlated with at least
one other variable demonstrating some degree of depen-
dence between them. The variable with the lowest num-
ber of correlations was the number of residents (1
correlation) and the one with the highest number of cor-
related variables is schooling that correlates with shift
and with 10 other variables analyzed (Figure 2A).

To assess whether, when analyzed together, these
variables would have predictive power, we observed
that, despite the high total efficiency of 0.8125, the posi-
tive predictive power value was o0.00 and the negative
predictive power value was 1.00, demonstrating a high
power for negative but not for positive cases. The most
important variables for this prediction are income, fol-
lowed by schooling and work modality, and the ones of
less importance are shifts, followed by occupation and
number of residents in the house (Figure 2B).

Discussion

We report here the prevalence of SARS-CoV-2 IgG anti-
bodies in a sample of healthcare workers in a public
hospital in Rio de Janeiro, which is not a referral hospi-
tal for COVID-19. Higher seroprevalence was not only
associated with exposure in the workplace but was
aggravated mainly by social inequalities within the
group, with higher seroprevalence being associated
with non-white race, lower salary income, lower school-
ing, and commuting by mass transportation.

www.thelancet.com Vol 7 Month March, 2022

Compared to the largest seroprevalence study with
2,857 voluntary and asymptomatic blood donors in the
city of Rio de Janeiro in April 2020, the weighted preva-
lence using the population of Rio de Janeiro in 2020
was 3.3%."” In Spain, a national population-based
cohort study in April-May 2020 showed 4.6% seroprev-
alence in the domiciled population.>® Our survey of
healthcare workers in June-July 2020 showed much
higher prevalence, namely 30%. Differing from the
domiciled Spanish population study, healthcare workers
are considered one of the social groups most exposed to
the virus. In this respect, the 30% prevalence (342/1141)
seen in the current study corroborates other studies of
healthcare workers in New York, Birmingham, London,
and Bukavu, with rates of 27.0% (137/500), 24.4%
(126/516), 31.64% (634/2004), and 41.2% (148/359),
respectively.”" 42223

Contributing factors to the increased exposure of
healthcare workers may include patient-worker trans-
mission and worker-worker transmission, especially in
referral hospitals for COVID-19, or high exposure dur-
ing commuting to and from work. Meta-analyses of
SARS-CoV-2 seroprevalence in healthcare workers**
and the general population* showed that the prevalence
rates vary greatly, with healthcare workers presenting
the highest rates. In the former, the highest prevalence
rate was reported by studies in North America (12.7%)
compared to Europe (8.5%), Africa (8.2%), and Asia
(4%).** Differently, the meta-analysis that excluded pop-
ulations at greatest risk revealed SARS-CoV-2 seropreva-
lence rates varying from o0.37% to 22.1%.% These
differences may reflect the samples, level of exposure,
and testing period, besides the regions political and eco-
nomic conditions that affect availability and access to
tests. We believe that the higher prevalence observed in
our study may reflect a combination of workplace and
community exposure, since the population we analyzed
consisted of healthcare workers residing in the city of
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Variables Serological test p-value
Negative Positive
n % n %

Race
White 437 76.9% 131 23.1% < 0.007*
Non-white 353 62.9% 208 37.1%

Sex
Female 604 71.2% 244 28.8% 0.158
Male 193 66.8% 96 33.2%

Schooling
Complete secondary or less 203 57.5% 150 42.5% <0.001*
Complete undergraduate university 225 72.6% 85 27.4%
More than undergraduate university 363 77.6% 105 22.4%

Income
<3MW 227 57.30% 169 42.7% < 0.001*
4-5 MW 109 69.40% 48 30.6%
More than 5 and < 10 MW 202 76.50% 62 23.5%
More than 10 MW 232 82.30% 50 17.7%

Private health plan
No 154 66.7% 77 33.3% 0.226
Yes 624 71.0% 255 29.0%

Number of residents in the household
Living alone 83 71.60% 33 28.4% 0.068
1 to 4 residents 529 71.20% 214 28.8%
5 to 8 residents 77 61.10% 49 38.9%

Work modality
Daily 351 71.3% 141 28.7% 0.058
On-duty shift 343 65.7% 179 34.3%

Workweek
<30 hours 86 67.7% M 323% 0.785
30-40 hours 115 69.7% 50 30.3%
>40 hours 520 70.7% 215 29.3%

Shift
Daytime 669 70.8% 276 29.2% 0.183
Nighttime 100 65.4% 53 34.6%

Other employment
No 512 68.0% 241 32.0% 0.030
Yes 269 74.5% 92 25.5%

Job position
Healthcare professionals 561 75.0% 187 25.0% < 0.001*
Support workers 193 59.6% 131 40.4%

Workplace exposure to SARS-CoV-2
Low exposure 161 73.2% 59 26.8% 0.010
Medium exposure 68 59.1% 47 40.9%
High exposure 511 72.5% 194 27.5%

Table 3: Socioeconomic variables and types of work activities among hospital workers according to ELISA results for SARS-CoV-2 IgG
antibodies.

* Pearsons chi-square test; significant result: p-value < 0.05.

T One monthly minimum wage = BRL 1,045.00 or U$ 220.00.
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Categories of hospital workers Serological test p-value
Negative Positive
n % n %

Cleaning workers 28 40,0% 42 60.0% <0,001*

Security guards and doormen 31 60,8% 20 39.2%

Administrative staff/mangement 105 65,2% 56 34.8%

Engineering and maintenance 29 69,0% 13 31.0%

Healthcare professionals 561 75,0% 187 25.0%

Table 4: Categories of support workers and healthcare professionals according to SARS-CoV-2 IgG ELISA results.
* Pearsons chi-square test; significant result: p-value < 0.05.
Variables Serological result p-value
Negative Positive
n % n %

Train/subway
No 376 72.7% 141 27.3% < 0.001*
Yes 67 59.3% 46 40.7%

Bus
No 264 77.6% 76 22.4% < 0.001*
Yes 179 61.7% 1M1 38.3%

Walking/car/motorcycle
No 207 63.9% 17 36.1% < 0.001*
Yes 236 77.1% 70 22.9%

Uber/Taxi
No 401 69.0% 180 31.0% < 0.001*
Yes 42 9.5% 7 3.7%

antibodies.

Table 5: Means of transportation is related to the frequency of health works tested positive for the presence of anti-SARS-CoV-2 IgG

Rio de Janeiro and outlying cities, one of the most popu-
lous regions of Brazil."”

We observed that race was significantly associated
with SARS-CoV-2 seropositive status, with higher preva-
lence in non-whites (black, brown, and indigenous indi-
viduals) (37.1%) than in whites (23.1%). These data are
corroborated by previous studies both in healthcare
workers and in the general population, confirming the
racial inequality in SARS-CoV-2 prevalence.”*'°*> The
reasons for this is probably related to lower socioeco-
nomic status, and/or living in areas with higher popula-
tion density and crowding, thus increasing exposure
and risk of infection.*"*°

A study in the United States evidenced racial/ethnic
predisposition as a determinant condition for SARS-CoV-2
seropositivity in healthcare workers in New York™, with a
crude odds ratio of 2.42 (95%CI 1.3—4.5; p = 0.005) for
Hispanics, and 2.55 (95%CI 1.3-5.02; p = 0.000) for
Blacks, when compared to Caucasians, what is much prob-
ably related to social aspects than race itself.

Another finding from the present study was that
lower schooling and income were associated with
higher seropositivity (42.5% and 42.7%, respectively.

www.thelancet.com Vol 7 Month March, 2022

Data from a seroprevalence study in the city of Sao
Paulo, Brazil, in June-July 2020 showed higher SARS-
CoV-2 seropositivity in residents of low-income neigh-
borhoods (22%) compared to residents of high-income
neighborhoods (9.4%). In addition, individuals who
had not finished primary school showed 22.5% sero-
prevalence, compared to 12% in those with university
education,*” in accordance to our results.

The higher prevalence (40.7%) in workers that used
mass transportation to commute to and from work was
another important finding in this study, reinforcing
the hypothesis that SARS-CoV-2 transmission may
be influenced by social inequality and community
exposure.>>9

Previous studies have analyzed SARS-CoV-2 seropreva-
lence in healthcare professionals, but without taking into
account the support workers. In our study, COVID-19
seroprevalence rates varied according to occupational activ-
ity. Hospital support workers had higher SARS-CoV-2
seroprevalence (40.4%) than healthcare professionals
(25%). According to subgroups of jobs, cleaning workers,
followed Dby security guards and doormen, administrative
staff, maintenance staff, and healthcare professionals had
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Figure 2. Correlation between analyzed variables and importance for predicting negative cases. Panel A exhibits a correlation matrix
graph with the p-value of the chi-square test in a color gradient from yellow (0.03) to red (0.001). Gray squares have p value > 0.05.
Numbers represent the Cramer's V values. In panel B the bar graph reveals in Y how much impurity is reduced when samples are
separated by this variable (Importance) in random forest prediction in ascending order.

seropositive rates of 60%. 39.2%, 34.8%, 31%, and 25%,
respectively supporting the interpretation that exposure
occurs more in the community than within the hospital.
This finding is in keeping with the study that reported
higher prevalence of SARS-CoV-2 infection in cleaning
workers at a hospital in the city of Sao Paulo.*° A study in
the United Kingdom tested 9,958 university hospital
employees, and 10.7% tested positive for SARS-CoV-2 IgG
antibodies, with doormen and cleaning workers having
the highest rates (18.6%), and administrative personnel
the lowest proportion (7.2%).° It is likely that cleaning
workers not only have high exposure to the virus at work
and lower knowledge about the virus and its transmission
mechanisms, but also belong to lower socioeconomic clas-
ses and live under conditions that can expose them to
crowding.

Three European studies confirmed higher prevalence
in high-risk versus low-risk environments (34.7% vs

22.6%, 21% vs 9%, and 7.19% Vs 4.45%).”>">"" However,
the study in Sao Paulo showed that working in dedicated
in-hospital COVID-19 units was not associated with higher
seropositivity.*° This is an interesting finding, reinforcing
the notion that healthcare workers in direct contact with
patients are not necessarily more susceptible to infection
despite being more exposed to the disease than hospital
workers with little or no contact with patients. Again, we
reinforce that the hospital herein reported was not specifi-
cally a referral unit for COVID-19 care, although it fre-
quently received COVID-19 patients.

Finally, although we observed a clear association
between seroprevalence and race, income, schooling, work
activity, type of exposure, and use of mass transportation,
we were not able to distinguish between the effects of
occupational exposure and community exposure on
SARS-CoV-2 seropositivity. Still, given the shortage of vac-
cines at the testing period reported herein, this study
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points clearly what the more vulnerable subgroups within
the group of healthcare workers. These more vulnerable
subgroups should be a priority in the immunization pro-
cess under Brazil's national policies, and can be useful as
a basis for other latinoamerican countries.

Conclusion
SARS-CoV-2 transmission in healthcare workers occurs
between patients and workers, between workers and
workers, or due to high exposure during commuting to
and from work. Our study further stresses that social
determinants of health influence the infection rates in
healthcare workers. In addition to the high prevalence
of infection in the studied population, non-white work-
ers, those with less income and schooling, and users of
mass transportation were the most affected. Moreover,
hospital support workers and especially cleaning work-
ers had higher seroprevalence rates than healthcare pro-
fessionals. Income, followed by schooling and work
modality were the main factors in the negative predic-
tion for contamination. Also, community exposure
appears to prevail over transmission inside the hospital.
Acknowledging social determinants and work condi-
tions as aggravating factors in the profile of SARS-CoV-
2 transmission in the pandemic allows identifying and
prioritizing groups with high vulnerability, in addition
to orienting and adapting interventions, such as priority
for immunization.

Declaration of interests
The authors declare no conflict of interest.

Acknowledgements

The authors wish to thank the fieldwork team at IFF/
Fiocruz for their guidance and support in consolidating
the data and making it available for the study, as well as
all the healthcare workers who kindly agreed to partici-
pate in the study. This work was partially developed in
the frameworks of the Brazilian Science and Technol-
ogy Institute on Neuroimmunomodulation and the Rio
de Janeiro Network on Neuroinflammation.

Fundings

This study was financed by Fiocruz, CNPq, Faperj,
Capes, FOCEM/Mercosur and the Coordenacao de
Aperfeicoamento de Pessoal de Nivel Superior — Brasil
(CAPES) — Finance Code oor1.

Author contributions

Conceptualization, RFC., ZV, EA; Methodology, RFC,
ZFMV, ACCC, RGG; DCBCM, SCGJ.; Validation, RFC,
ACCC, RGG, ZFMYV, EA ; Investigation, RFC, ZFMV;

www.thelancet.com Vol 7 Month March, 2022

Resources, RFC, ZFMV, MPCO, MCCZ, WS, ACB, EA;;
Data Curation, RFC, ZFMV; Writing—Original Draft
Preparation, RFC; Writing—Review and Editing, RFC,
ACCC, RGG, DCBCM, SCGJ, WS, ACB, ZFMV, EA;
Supervision, RFC, ZFMV, EA; All authors have read
and agreed to the published version of the manuscript.

References

1 WHO WHO. WHO announces COVID-19 outbreak a pandemic.
2020. https://www.euro.who.int/en/health-topics/health-emergen
cies/coronavirus-covid-19 /news/news/2020/3/who-announces-
covid-19-outbreak-a-pandemic (accessed July 6, 2021).

2 Feehan AK, Velasco C, Fort D, et al. Racial and Workplace Dispar-
ities in Seroprevalence of SARS-CoV-2, Baton Rouge, Louisiana,
USA. Emerg Infect Dis. 2021;27. htips://doi.org/10.3201/
eid2701.203808.

3 Hallal PC, Hartwig FP, Horta BL, et al. SARS-CoV-2 antibody
prevalence in Brazil: results from two successive nationwide
serological household surveys. The Lancet Global Health. 2020;8:
er39o-er398.

4 Rostami A, Sepidarkish M, Leeflang MMG, et al. SARS-CoV-2 sero-
prevalence worldwide: a systematic review and meta-analysis. Clini-
cal Microbiology and Infection. 2021;27:331-340.

5 Sydenstricker E. The Incidence of Influenza among Persons of Dif-
ferent Economic Status during the Epidemic of 1918. Public Health
Reports (1896-1970). 1931;46:154.

6 WHO WHO. Closing the gap in a generation: health equity through
action on the social determinants of health: Commission on Social Deter-
minants of Health final report. editor. Geneva, Switzerland: World
Health Organization, Commission on Social Determinants of
Health; 2008.

7 WHO WHO. CLOSING THE GAP: Policy into practice on social
determinants of health. editor. Rio de Janeiro. Brazil: WHO Press;
2011 https://apps.who.int/iris/bitstream /handle/10665/44731/
9789241502405_eng.pdf*sequence=1&isAllowed=y. (accessed July
7, 2021).

8 Trading Economics. Brazil - GINI Index - 1981-2019 Data | 2021
Forecast. https://tradingeconomics.com/brazil /gini-index-wb-data.
html (accessed Aug 5, 2021).

9 Eyre DW, Lumley SF, O’Donnell D, et al. Differential occupational
risks to healthcare workers from SARS-CoV-2 observed during a
prospective observational study. eLife. 2020;9:60675.

10 Fitzpatrick V, Rivelli A, Blair C, Copeland K, Richards J. Disparities
in Seroprevalence of SARS-CoV-2 Immunoglobulin Antibodies in a
Large Midwestern Health Care System. Public Health Rep.
2021;136:361-367.

11 Iversen K, Bundgaard H, Hasselbalch RB, et al. Risk of COVID-19 in
health-care workers in Denmark: an observational cohort study. Lan-
cet Infect Dis. 2020;20:1401-1408.

12 Rudberg A-S, Havervall S, Manberg A, et al. SARS-CoV-2 exposure,
symptoms and seroprevalence in healthcare workers in Sweden. Nat
Commun. 2020;11:5064.

13 Self WH, Tenforde MW, Stubblefield WB, et al. Seroprevalence of
SARS-CoV-2 Among Frontline Health Care Personnel in a Multi-
state Hospital Network - 13 Academic Medical Centers, April-June
2020. MMWR Morb Mortal Wkly Rep. 2020;69:1221-1220.

14 Shields A, Faustini SE, Perez-Toledo M, et al. SARS-CoV-2 seroprev-
alence and asymptomatic viral carriage in healthcare workers: a
cross-sectional study. Thorax. 2020;75:1089-1094.

15 Sotgiu G, Barassi A, Miozzo M, et al. SARS-CoV-2 specific serological
pattern in healthcare workers of an Italian COVID-19 forefront hos-
pital. BMC Pulm Med. 2020;20:203.

16 Pan A, Liu L, Wang C, et al. Association of Public Health Interven-
tions With the Epidemiology of the COVID-19 Outbreak in Wuhan,
China. JAMA. 2020;323:1915-1923.

17 Instituto Brasileiro de Geografia e Estatistica. Sinopse do censo
demogrifico. editor. Rio de Janeiro: IBGE; 2010. 2011.

18 Guo L, Ren L, Yang S, et al. Profiling Early Humoral Response to
Diagnose Novel Coronavirus Disease (COVID-19). Clin Infect Dis.
2020;71:778-785.

19 Amorim Filho L, Szwarcwald CL, Mateos S de OG, et al. Seropreva-
lence of anti-SARS-CoV-2 among blood donors in Rio de Janeiro,
Brazil. Rev saiide puiblica 2020; 54: 69.


https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic
https://doi.org/10.3201/eid2701.203808
https://doi.org/10.3201/eid2701.203808
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0006
https://apps.who.int/iris/bitstream/handle/10665/44731/9789241502405_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/44731/9789241502405_eng.pdf?sequence=1&isAllowed=y
https://tradingeconomics.com/brazil/gini-index-wb-data.html
https://tradingeconomics.com/brazil/gini-index-wb-data.html
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0011
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0011
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0011
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0018
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0018
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0018

Articles

10

2

(e}

2

[

22

2

w

24

25

Pollan M, Pérez-Gémez B, Pastor-Barriuso R, et al. Prevalence of
SARS-CoV-2 in Spain (ENE-COVID): a nationwide, population-
based seroepidemiological study. Lancet. 2020;396:535-544.
Venugopal U, Jilani N, Rabah S, et al. SARS-CoV-2 seroprevalence
among health care workers in a New York City hospital: A cross-sec-
tional analysis during the COVID-19 pandemic. International Journal
of Infectious Diseases. 2021;102:63-69.

Grant JJ, Wilmore SMS, McCann NS, et al. Seroprevalence of SARS-
CoV-2 antibodies in healthcare workers at a London NHS Trust.
Infect Control Hosp Epidemiol. 2021;42:212-214.

Mukwege D, Byabene AK, Akonkwa EM, et al. High SARS-CoV-2
Seroprevalence in Healthcare Workers in Bukavu, Eastern Demo-
cratic Republic of Congo. The American Journal of Tropical Medicine
and Hygiene. 2021;104:1526-1530.

Galanis P, Vraka I, Fragkou D, Bilali A, Kaitelidou D. Seropreva-
lence of SARS-CoV-2 antibodies and associated factors in healthcare
workers: a systematic review and meta-analysis. | Hosp Infect.
2021;108:120-134.

Vahidy FS, Nicolas JC, Meeks JR, et al. Racial and ethnic disparities in
SARS-CoV-2 pandemic: analysis of a COVID-19 observational registry
for a diverse US metropolitan population. BM] Open. 2020;10: €039849.

26

27

28

29

30

Gould E, Wilson V. Black workers face two of the most lethal preexisting
conditions for coronavirus—racism and economic inequality. Economic
Policy Institute; July 6, 2021. https://www.epi.org/publication/
black-workers-covid/(accessed.

Tess BHC, Alves MCGP, Reinach F, et al. SoroEpi-Resultados-Ter-
ceira-Fase-FINAL. 2020; published online July. https://ponte.org/
wp-content/uploads/2020/08/Apresenta%C3%A7%C3%A30-Sor
oEpi-Resultados-Terceira-Fase-FINAL.pdf (accessed July 6, 2021).
Valentino-DeVries ], Lu D, Dance GJX. Location Data Says It All:
Staying at Home During Coronavirus Is a Luxury. The New York
Times; 2020... published online April 3; https://www.nytimes.
com/interactive/2020/04/03/us/coronavirus-stay-home-rich-poor.
html. (accessed July 6, 2021).

Astroza S, Tirachini A, Hurtubia R, et al. Mobility Changes, Tele-
working, and Remote Communication during the COVID-19 Pan-
demic in Chile. Findings. 2020. https://doi.org/10.32866/
oo1c.13489. published online July 21.

Oliveira MS de, Lobo RD, Detta FP, et al. SARS-Cov-2 seropreva-
lence and risk factors among health care workers: Estimating the
risk of COVID-19 dedicated units. Am J Infect Control. 2021. S0196-
6553(21)00142-5.

www.thelancet.com Vol 7 Month March, 2022


http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0025
https://www.epi.org/publication/black-workers-covid/(accessed
https://www.epi.org/publication/black-workers-covid/(accessed
https://ponte.org/wp-content/uploads/2020/08/Apresenta%C3%A7%C3%A3o-SoroEpi-Resultados-Terceira-Fase-FINAL.pdf
https://ponte.org/wp-content/uploads/2020/08/Apresenta%C3%A7%C3%A3o-SoroEpi-Resultados-Terceira-Fase-FINAL.pdf
https://ponte.org/wp-content/uploads/2020/08/Apresenta%C3%A7%C3%A3o-SoroEpi-Resultados-Terceira-Fase-FINAL.pdf
https://ponte.org/wp-content/uploads/2020/08/Apresenta%C3%A7%C3%A3o-SoroEpi-Resultados-Terceira-Fase-FINAL.pdf
https://ponte.org/wp-content/uploads/2020/08/Apresenta%C3%A7%C3%A3o-SoroEpi-Resultados-Terceira-Fase-FINAL.pdf
https://ponte.org/wp-content/uploads/2020/08/Apresenta%C3%A7%C3%A3o-SoroEpi-Resultados-Terceira-Fase-FINAL.pdf
https://ponte.org/wp-content/uploads/2020/08/Apresenta%C3%A7%C3%A3o-SoroEpi-Resultados-Terceira-Fase-FINAL.pdf
https://www.nytimes.com/interactive/2020/04/03/us/coronavirus-stay-home-rich-poor.html
https://www.nytimes.com/interactive/2020/04/03/us/coronavirus-stay-home-rich-poor.html
https://www.nytimes.com/interactive/2020/04/03/us/coronavirus-stay-home-rich-poor.html
https://doi.org/10.32866/001c.13489
https://doi.org/10.32866/001c.13489
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00166-6/sbref0030

