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Abstract: Public market workers may be disproportionally exposed to SARS-CoV-2 due to interactions
with shoppers. We aimed to estimate the seroprevalence of SARS-CoV-2 and determine whether
occupation or adherence to preventive practices were associated with exposure. From July to
December 2021, we longitudinally surveyed two Guatemalan markets twice. We collected blood to
detect anti-S IgA, anti-S IgG, and anti-N IgG using ELISA, and a nasopharyngeal swab to detect SARS-
CoV-2 using rRT-PCR. We estimated seroprevalences and assessed associations using generalized
estimating equations. Of 229 workers, 109 (48%) participated in the first survey and 87 (38%) in the
second. At baseline, 77% were female, 64% were aged <40, and 81% were vendors. Overall, the
seroprevalence increased between surveys (61% to 89% for anti-S IgA, 53% to 91% for anti-S IgG, and
22% to 29% for anti-N IgG), but the magnitude differed by vaccination status and antibody type. The
prevalence of infections decreased from 13% to 1% and most were asymptomatic. Vendor occupation
was associated with IgA and IgG anti-S in males but not females. Using a mask was a protective
measure. Most market workers had been exposed to SARS-CoV-2, possibly through asymptomatic
individuals. Masking is a protective measure to be prioritized during high transmission.

Keywords: seroepidemiological studies; SARS-CoV-2; markets; workers

1. Introduction

Municipal public markets in Guatemala, as in other low- and middle-income countries,
are located permanently and are open daily, year-round. Small independent businesses sell
essential products in these markets, including vegetables, fruit, meat, fish, poultry, dairy
products, spices, grains, prepared foods and beverages, crafts, and other non-food items.
These markets contribute to community health, social structure, and economy by offering
a variety of fresh foods at affordable prices and in customized quantities, making them a
crucial step in the distribution chain of essential supplies, and provide employment as well
as a favorable space for local businesses to prosper. The success of the market is driven
by its workers, including vendors, vendors’ helpers, administrative staff, maintenance
staff, and security forces. Public markets are a resource for the entire population but are
primarily used by economically disadvantaged and vulnerable groups [1,2].

Public markets are also prime environments for transmitting airborne infectious
diseases such as SARS-CoV-2 within the market and into the community. Transmission
results from close interactions between vendors and shoppers during commercial events in
a closed environment, especially if individuals are unaware of their infectious status [3–7].
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During the COVID-19 pandemic, local authorities recognized the benefit of public
markets and allowed them to remain open despite other efforts to control SARS-CoV-2
transmission through massive lockdowns. Thus, public market workers, especially the ven-
dors, became frontline essential non-healthcare workers. To mitigate virus transmission in
public markets, local authorities mandated the use of masks, promoted physical distancing,
and made alcohol-based sanitizers and disinfectants available [1,2].

Despite recognizing that public market workers have an increased risk of work-
related exposure to SARS-CoV-2 [8], studies in low- and middle-income countries, where
market dynamics may differ from high-income countries, are lacking. To provide essential
information to guide recommendations to control virus spread within public markets and
protect the health and economy of workers and the community, we evaluated the SARS-
CoV-2 burden on workers in two municipal public markets in Guatemala. This study aimed
to estimate the seroprevalence of SARS-CoV-2 in market workers and determine whether
occupation, as opposed to other occupations (e.g., helper, administrative, maintenance, or
security duties) or adherence to preventive practices, were associated with exposure.

2. Materials and Methods
2.1. Study Design and Population

We conducted a longitudinal cohort with two serosurveys, the first from July to
September 2021 and the second from October to December 2022, in workers from two indoor
public markets in the municipality of Santa Catarina Pinula, department of Guatemala.
The first serosurvey overlapped with the COVID-19 wave occurring in Guatemala from
June to October 2021. The wave involved 153,060 cases (4353 per 100,000 persons) and
2821 deaths (124 per 100,000) caused by the Delta lineage B.1.617.2 variant [9]. The study
also overlapped with a major national SARS-CoV-2 vaccination campaign directed to the
general population that started in September 2021.

The municipality covers 49.29 km2 and is 1550 m above sea level, with a population of
80,582 inhabitants, of which 94.51% are Ladinos, with an average age of 29.72 years. The
literacy rate of the municipality is 95.67%, and 88.09% of the population lives in urban areas
considered as dormitory towns of Guatemala City [10]. Based on the municipality records,
each market receives, on average, 2500 to 3000 shoppers daily. The markets are open daily
for 10 h.

2.2. Formative Research

From 8 June to 19 July 2021, we conducted a census to count the number of persons
who self-reported being market workers and collected their age group, sex, and occupation.

2.3. Study Population

We invited all market workers aged 18 years or older without conditions affecting
the immune system (cancer, infection with the human immunodeficiency virus, autoim-
mune diseases or who were undergoing chemotherapy or radiotherapy) or without any
contraindication to participate and to provide nasopharyngeal or blood samples. The partic-
ipants worked in two indoor public markets located in Santa Catarina Pinula Municipality
(latitude 14.553388, longitude-90.478549) in the department of Guatemala, near the capital
city.

2.4. Serosurveys

Study fieldworkers interviewed participants in person regarding sociodemographic
and occupational characteristics, general disease risk factors, vaccination status, COVID-19
symptoms (fever, cough, anosmia, and augesia), history of a positive COVID-19 antigen
or PCR test, and adoption of preventive practices against COVID-19 in the past month.
Preventive practices included a self-reported handshaking avoidance frequency, avoiding
in-person social gatherings, cleaning hands for at least 20 s, maintaining a minimum
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distance of 1.5 m while eating, and ensuring that the mouth and nose are covered with a
mask [11]. These variables were measured to be included in the risk factor analysis.

2.5. Antibody Detection Using ELISA

We collected one 4 mL blood sample from each participant in EDTA-coated tubes in
each serosurvey and stored it at 2–5 ◦C until centrifugation for 15 min at 2500 rpm to obtain
plasma. Because the time of infection was uncertain, we measured early-onset (IgA anti-S)
and late-onset (IgG anti-S) immunoglobulins. We also assessed immunoglobulins triggered
by natural infection (IgG anti-N) or by natural infection or vaccination (IgG anti-S and IgA
anti-S); in vaccinated people, these tests cannot distinguish between antibodies induced by
vaccine or by infection. We used a commercially available indirect ELISA test (Euroimmun,
Lübeck, Germany) according to the manufacturer’s instructions for non-automated testing.
The sensitivity and specificity of these assays, as reported by the manufacturer, are 94.4%
and 99.6% for IgG anti-S; 96.9% and 98.3% for IgA anti-S; and 94.6% and 99.8% for IgG
anti-N.

2.6. Viral Detection Using RT-PCR

At each serosurvey, we collected a nasopharyngeal swab in universal transport
medium and stored it at 2–5 ◦C until processing. The samples were centrifuged, and
nucleic acid was extracted using Quick-DNA/RNA Viral Kit columns (Zymo, Irvine, CA,
USA), according to manufacturer instructions. The eluate was analyzed to detect the
SARS-CoV-2 nucleocapsid gene using real-time reverse-transcriptase polymerase-chain-
reaction (rRT-PCR), following the US Centers for Disease Control and Prevention (CDC)
protocol [12].

2.7. Data Preparation

To estimate socioeconomic status, a potential confounder in our analysis, we classified
the participants in wealth tertiles using the first score of a principal component analysis
conducted for asset ownership (electricity, solar panels, radio, television, landline, cell
phone, refrigerator, washer, dryer, microwave oven, computer, internet, and house). We
considered a participant to be fully vaccinated with SARS-CoV-2 after two weeks of receiv-
ing all recommended doses in the primary series [13]. The vaccines that were administered
to the participants by the Ministry of Health were Sputnik V (Gamaleya Research Institute,
Moscow, Russia), Moderna COVID (Moderna, Cambridge MA, USA), Vaxzevria (Oxford-
AstraZeneca, Cambridge, UK), and Comirnaty (Pfizer-BioNTech, New York, NY, USA).
We dichotomized work activities into those that involve daily interaction with shoppers
(e.g., vendors) and those that do not (e.g., individuals in charge of administration, mainte-
nance, security, or general help). Preventive practices against COVID-19 were measured
using a five-level Likert frequency scale and were dichotomized for the analysis.

2.8. Seroprevalence

The seroprevalence of each antibody was calculated at each serosurvey and stratified
according to vaccination status and sociodemographic and occupational characteristics. To
address differences between participants and the census population, we also calculated
the seroprevalence standardized by age group, sex, and market reported at the census. We
estimated confidence intervals using exact statistics of the binomial distribution.

2.9. Risk Factors Analysis

The primary risk factors studied were vendor occupation and adoption of preventive
practices against COVID-19. The directed acyclic graph in Figure 1 shows our hypothe-
sized exposure pathways and potential confounders. To assess the association of vendor
occupation with SARS-CoV-2 exposure, we calculated odds ratios (OR) adjusted for so-
ciodemographic and occupational characteristics, in vendors who had received >1 dose
of the SARS-CoV-2 vaccine using generalized estimating equations. We also explored
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effect modification by sex. To assess the association of adopting preventive practices, we
repeated the analysis adjusting for the same variables. The analyses were conducted using
R, version 4.1.3 (R Foundation for Statistical Computing, Vienna, Austria), and RStudio,
version 2022.02.1 + 461 (Rstudio, PBC, Boston, MA, USA).
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Figure 1. Directed acyclic graph of the hypothesized paths of interaction between shoppers, pre-
ventive behaviors, exposure with SARS-CoV-2, the seroprevalence of IgA or IgG antibodies against
SARS-CoV-2, and confounders.

3. Results
3.1. Participants

From 231 censused individuals, 229 (99%) were eligible market workers aged ≥18 years
and free of self-reported conditions that would affect their immune systems. Of these eligi-
ble workers, 116 (51%) consented to participate in this study, with 109 (48%) providing a
blood sample in the first serosurvey and 87 (38%) in the second serosurvey. Despite the
relatively low participation rate, the age and sex distributions of the census population did
not significantly differ from those who participated in the analyses. The participation rate
by market differed significantly, being greater in market B (78%) than in market A (32%)
(Supplementary Table S1). The median time between repeated blood sample extractions
was 3.0 (interquartile range: 2.9, 3.1) months.

Participants were primarily women (77%, n = 84), <30 years of age (44%, n = 48,
range = 18 to 79), had terminal education at the secondary level (61%, n = 67), and were
of Ladin (non-indigenous) ethnicity (95%, n = 104). Their households used clean fuels
for cooking (99%, n = 108), had no crowding, and the median household size was 5 (IQR:
4 to 6, range = 1 to 16). Most participants worked at market B (57%, n = 62), had worked at
markets for 7 to 12 months (50%, n = 54, range = 1 week to 23 years), worked 6 or 7 days a
week (73%, n = 80), and were vendors (81%, n = 88). Low physical activity was the most
frequent general disease risk factor (36%, n = 39) (Supplementary Table S1 and Table 1).

Between the first and second serosurvey, SARS-CoV-2 vaccination increased from 2%
(n = 2) fully vaccinated and 9% (n = 10) partially vaccinated to 34% (n = 30) fully vaccinated
and 48% (n = 42) partially vaccinated (p-value < 0.001). Of those vaccinated in the second
serosurvey, 35% (25/72) received mRNA vaccines, 65% (47/72) viral vector vaccines, and
none reported receiving mixed technologies. In the first serosurvey, adherence to preventive
practices ranged from 45% (n = 49) for “always washing hands for ≥20 s” to 83% (n = 91) for
“always using a mask completely covering the mouth and nose”. In general, the frequency
of preventive practices increased between the first and second serosurvey (Table 1).

In the first serosurvey, the prevalence of SARS-CoV-2 infection was 13% (n = 14, 95%
CI: 7–21), of which, only 15% (2/13) reported symptoms 14 days before nasopharyngeal
swab collection. In comparison, the prevalence of SARS-CoV-2 infection in the second
serosurvey was 1% (n = 1, 95% CI: 0–6%), and the participant did not report symptoms.
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Table 1. Characteristics of public market workers in the first and second serosurveys a.

First Serosurvey
N = 109

n (%)

Second Serosurvey
N = 87
n (%)

p-Value

Occupational characteristics

Type of activities

0.86Vendor occupation 88 (81) 72 (83)

Non-vendor occupation 21 (19) 15 (17)

Days per week working at the market

11–5 29 (27) 23 (26)

6–7 80 (73) 64 (74)

Vaccination status

SARS-CoV-2 vaccination b

<0.00
Fully vaccinated 2 (2) 30 (34)

Partially vaccinated 10 (9) 42 (48)

Not vaccinated 97 (89) 15 (17)

Influenza vaccine within the last year 4 (4) 2 (2) 0.7

Adherence to preventive practices while in the market during the last month

Always kept ≥ 1.5 m distance while eating 68 (62) 80 (92) <0.00

Always used mask completely covering the mouth and nose 91 (83) 77 (89) 0.43

Always cleaned hands ≥ 20 s 49 (45) 53 (61) 0.04

Never attended social gatherings in-person 75 (69) 58 (67) 0.87

Never shook hands 89 (82) 74 (85) 0.66

SARS-CoV-2 positive tests

History of a positive SARS-CoV-2 test c 15 (14) 4 (5) 0.06

PCR positive nasopharyngeal swab d 14 (13) 1 (1) 0
a All data is complete, no missing values. b Fully vaccinated is defined as two weeks after the final dose of
the primary series. c In the first serosurvey, we asked about a positive PCR or antigen test since the start of
the pandemic, and in the second serosurvey, since the last three months. d Two participants in the first survey
reported fever, cough, anosmia, or augesia occurring in the last 14 days. Statistically significant values (p < 0.05)
are shown in bold.

3.2. Seroprevalence

The seroprevalence of anti-S antibodies increased between serosurveys. IgA anti-S
increased from 61% (95% CI: 52%, 71%) to 89% (95% CI: 80%, 94%) and 26% (n = 23)
of participants with paired samples seroconverted. IgG anti-S increased from 53% (95%
CI: 43%, 63%) to 91% (95% CI: 83%, 96%) and 37% (n = 32) of participants seroconverted.
In contrast, anti-N antibodies were less common, only increasing modestly from 22%
(95% CI: 15%, 31%) to 29% (95% CI: 20%, 39%); moreover, 15% (n = 13) of participants
seroconverted and 7% (n = 6) seroreverted. The coefficient of variation for IgA anti-
spike in the first and second surveys was 8% and 4%, for IgG anti-spike was 9% and
3%, and for IgG anti-nucleocapsid was 18% and 17%, respectively. The frequency of
different combinations of IgA and IgG antibodies detected in paired blood samples is
shown in Supplementary Table S2. The standardized seroprevalences were similar to
non-standardized seroprevalences (Table 2).

Among non-vaccinated individuals, seroprevalence increased from 58% (95% CI: 47%,
68%) to 87% (95% CI: 60%, 98%) for IgA anti-S, from 47% (95% CI: 37%, 58%) to 60% (95%
CI: 32%, 48%) for IgG anti-S, and from 21% (95% CI: 13%, 30%) to 40% (95% CI: 16%,
68%) for IgG anti-N. As expected, participants with at least one SARS-CoV-2 vaccine had
higher seroprevalence. Seroprevalence by serosurvey, vaccination status, sociodemographic
characteristics, and occupational characteristics is shown in Table 2.
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Table 2. Seroprevalence of IgA and IgG antibodies to anti-spike protein and IgG anti-nucleocapsid protein at the first serosurvey conducted from 6 July 2021 to 21
September 2021, and at the second serosurvey conducted from 6 October 2021 to 15 December 2021, in workers from two public markets in Guatemala.

IgA Anti-Spike c IgG Anti-Spike c IgG Anti-Nucleocapsid d

1st Serosurvey 2nd Serosurvey 1st Serosurvey 2nd Serosurvey 1st Serosurvey 2nd Serosurvey
N = 109 N = 87 N = 109 N = 87 N = 109 N = 87

n % (95% CI) N % (95% CI) N % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI)

Overall 67 61 (52, 71) 77 89 (80, 94) 58 53 (43, 63) 79 91 (83, 96) 24 22 (15, 31) 25 29 (20, 39)

Overall standardized a 67 65 (48, 86) 77 91 (69, 100) 58 54 (39, 73) 79 93 (71, 100) 24 25 (16, 40) 25 32 (20, 50)

By vaccination status b

Not vaccinated 56 58 (47, 68) 13 87 (60, 98) 46 47 (37, 58) 9 60 (32, 84) 20 21 (13, 30) 6 40 (16, 68)

Partially vaccinated 9 90 (55, 100) 35 83 (69, 93) 10 100 (69, 100) 40 95 (84, 99) 3 30 (7, 65) 9 21 (10, 37)

Fully vaccinated 2 100 (16, 100) 29 97 (83, 100) 2 100 (16, 100) 30 100 (88, 100) 1 50 (1, 99) 10 33 (17, 53)

By sociodemographic subgroup
Sex

Female 53 63 (52, 73) 58 89 (79, 96) 50 60 (48, 70) 61 94 (85, 98) 20 24 (15, 34) 19 29 (19, 42)

Male 14 56 (35, 76) 19 86 (65, 97) 8 32 (15, 54) 18 82 (60, 95) 4 16 (5, 36) 6 27 (11, 50)

Age group (years)

18–30 29 60 (45, 74) 32 86 (71, 95) 23 48 (33, 63) 31 84 (68, 94) 9 19 (9, 33) 9 24 (12, 41)

31–40 14 64 (41, 83) 17 89 (67, 99) 10 45 (24, 68) 18 95 (74, 100) 7 32 (14, 55) 6 32 (13, 57)

41–50 8 42 (20, 67) 11 79 (49, 95) 8 42 (20, 67) 14 100 (77, 100) 2 11 (1, 33) 3 21 (5, 51)

≥51 16 80 (56, 94) 17 100 (80, 100) 17 85 (62, 97) 16 94 (71, 100) 6 30 (12, 54) 7 41 (18, 67)

Last education level

Primary or less 21 70 (51, 85) 23 100 (85, 100) 22 73 (54, 88) 22 96 (78, 99) 9 30 (15, 49) 8 35 (16, 57)

Any secondary 42 63 (50, 74) 45 85 (72, 93) 33 49 (37, 62) 47 89 (77, 96) 13 19 (11, 31) 14 26 (15, 40)

More than secondary 4 33 (10, 65) 9 82 (48, 98) 3 25 (5, 57) 10 91 (59, 100) 2 17 (2, 48) 3 27 (6, 61)

Wealth tertiles

Low 25 68 (50, 82) 26 93 (76, 99) 22 59 (42, 75) 24 86 (67, 96) 10 27 (14, 44) 10 36 (19, 56)

Middle 34 62 (48, 75) 40 85 (72, 94) 30 55 (41, 68) 43 91 (80, 98) 11 20 (10, 33) 10 21 (11, 36)

High 8 47 (23, 72) 11 92 (62, 100) 6 35 (14, 62) 12 100 (74, 100) 3 18 (4, 43) 5 42 (15, 72)
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Table 2. Cont.

IgA Anti-Spike c IgG Anti-Spike c IgG Anti-Nucleocapsid d

1st Serosurvey 2nd Serosurvey 1st Serosurvey 2nd Serosurvey 1st Serosurvey 2nd Serosurvey
N = 109 N = 87 N = 109 N = 87 N = 109 N = 87

n % (95% CI) N % (95% CI) N % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI)

By occupational subgroup

Market

Market A 30 64 (49, 77) 30 94 (79, 99) 25 53 (38, 68) 31 97 (84, 100) 14 30 (17, 45) 13 41 (24, 59)

Market B 37 60 (46, 72) 47 85 (73, 94) 33 53 (40, 66) 48 87 (76, 95) 10 16 (8, 28) 12 22 (12, 35)

Type of activity

Vendor occupation 55 62 (52, 73) 64 89 (79, 95) 48 55 (44, 65) 66 92 (83, 97) 19 22 (14, 32) 21 29 (19, 41)

Non-vendor occupation 12 57 (34, 78) 13 87 (60, 98) 10 48 (26, 70) 13 87 (60, 98) 5 24 (8, 47) 4 27 (8, 55)

Days per week at the market

1–5 21 72 (53, 87) 21 91 (72, 99) 17 59 (39, 76) 22 96 (78, 100) 7 24 (10, 44) 6 26 (10, 48)

6–7 46 58 (46, 68) 56 88 (77, 94) 41 51 (40, 63) 57 89 (79, 95) 17 21 (13, 32) 19 30 (19, 42)

Months since at the market

1–6 14 64 (41, 83) 15 83 (59, 96) 11 50 (28, 72) 14 78 (52, 94) 7 32 (14, 55) 5 28 (10, 53)

7–12 36 67 (53, 79) 37 88 (74, 96) 32 59 (45, 72) 39 93 (81, 99) 12 22 (12, 36) 11 26 (14, 42)

>12 17 52 (34, 69) 25 93 (76, 99) 15 45 (28, 64) 26 96 (81, 100) 5 15 (5, 32) 9 33 (17, 54)
a We standardized the seroprevalence to the distribution of sex, age group, and market reported in the census. b Fully vaccinated is defined as two weeks after the final dose of the
primary series. c Induced by natural infection or vaccination. d Induced by natural infection.
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3.3. Risk Factors for SARS-CoV-2 Exposure
3.3.1. Vendor Occupation

The effect of vendor occupation on SARS-CoV-2 exposure differed by sex. The adjusted
OR for IgA anti-S was 12.4 (95% CI: 2.7, 56.3) for males but 0.7 (95% CI: 0.2, 2.2) for females,
and the adjusted OR for IgG anti-S was 13.2 (95% CI: 2.1, 81.8) for males but 0.5 (95%
CI: 0.1, 1.8) for females. In contrast, for IgG anti-N, the interaction term between vendor
occupation and sex was not statistically significant, nor were the main effects for vendor
occupation (Table 3). Of men with non-vendor occupations, 38% (n = 6) worked in market
administration, 13% (n = 2) in security, and 51% (n = 8) in maintenance. Of women with
non-vendor occupations, 60% (n = 12) worked in market administration, 10% (n = 2) in
security, 15% (n = 3) in maintenance, and 15% (n = 3) in general assistance to vendors.
Results of the crude analysis and the analysis without the interaction term for sex are
available in Supplementary Table S3a–c.

Table 3. Association of vendor occupation and other sociodemographic and occupational charac-
teristics with SARS-CoV-2 exposure assessed by the seroprevalence of IgA anti-spike protein, IgG
anti-spike protein, and IgG anti-nucleocapsid protein in public market workers.

IgA Anti-Spike b

Adjusted OR (95% CI)
IgG Anti-Spike b

Adjusted OR (95% CI)
IgG Anti-Nucleocapsid a,c

Adjusted OR (95% CI)

Vendor occupation 12.4 (2.7, 56.3) 13.2 (2.1, 81.8) 1.4 (0.5, 3.7)

Female 8.0 (1.7, 37.8) 40.6 (5.7, 290.6) 1.5 (0.6, 3.6)

Vendor occupation * Female d 0.1 (0.0, 0.4) 0.0 (0.0, 0.3) -

Age group (years)

18–30 Reference Reference Reference

31–40 1.7 (0.6, 4.9) 1.3 (0.5, 3.8) 1.6 (0.7, 4.1)

41–50 0.3 (0.1, 1.0) 0.5 (0.1, 1.6) 0.4 (0.1, 1.5)

≥51 1.1 (0.3, 4.3) 1.7 (0.3, 9.2) 1.8 (0.5, 6.4)

Last education level

Primary or less Reference Reference Reference

Any secondary 0.5 (0.2, 1.3) 0.4 (0.1, 1.2) 0.7 (0.2, 1.9)

More than secondary 0.2 (0.0, 0.7) 0.2 (0.0, 0.9) 1.0 (0.2, 4.2)

Wealth tertiles

Low Reference Reference Reference

Middle 0.4 (0.2, 1.2) 0.5 (0.2, 1.5) 0.3 (0.1, 0.9)

High 0.2 (0.0, 0.7) 0.2 (0.1, 0.8) 0.4 (0.1, 1.4)

Number of household
members 0.9 (0.8, 1.1) 1.0 (0.8, 1.2) 1.0 (0.9, 1.2)

Market

Market A Reference Reference Reference

Market B 0.3 (0.1, 0.7) 0.4 (0.2, 1.1) 0.2 (0.1, 0.4)

Days per week at the market

1–5 Reference Reference Reference

6–7 0.7 (0.3, 1.8) 0.7 (0.3, 1.9) 1.3 (0.6, 2.9)

Months since at the market

1–6 Reference Reference Reference

7–12 1.7 (0.5, 5.4) 2.8 (0.9, 9.1) 1.0 (0.3, 2.9)

>12 0.7 (0.2, 2.2) 1.3 (0.3, 4.9) 0.4 (0.1, 1.4)

≥1 vaccine dose 7.6 (2.9, 19.6) 98.8 (18.3, 532.4) 1.4 (0.7, 2.9)
a The interaction term was not statistically significant; therefore, we report the results of a model omitting the
interaction. b Induced by natural infection or vaccination. c Induced by natural infection. Statistically significant
values are shown in bold. d The symbol * denotes interaction between vendor occupation and female.
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3.3.2. Preventive Behaviors

Always using a mask covering the mouth and nose in the market during the month
before the serosurvey reduced the odds of having antibodies against SARS-CoV-2. The
adjusted OR for IgA anti-S protein was 0.2 (95% CI: 0.1, 0.9), for IgG anti-S protein was 0.2
(95% CI: 0.0, 0.7), and for IgG anti-N protein was 0.4 (95% CI: 0.2, 1.0) (Table 4). Results of
the crude analysis are shown in Supplementary Table S4.

Table 4. Association between preventive practices and SARS-CoV-2 exposure assessed by antibody
seroprevalence. Odds ratios are adjusted for age group, last education level, wealth tertiles, number
of household members, market, days per week working at the market, number of months since
working in the market, and having received ≥1 vaccine dose.

IgA Anti-Spike a

Adjusted Model
OR (95% CI)

IgG Anti-Spike a

Adjusted Model
OR (95% CI)

IgG Anti-Nucleocapsid b

Adjusted Model
OR (95% CI)

Always kept ≥1.5 m distance
while eating 1.3 (0.5, 3.4) 1.9 (0.7, 5.3) 0.7 (0.3, 1.7)

Always used mask completely
covering the mouth and nose 0.2 (0.1, 0.9) 0.2 (0.0, 0.7) 0.4 (0.2, 1.0)

Always cleaned hands ≥20 s 0.8 (0.3, 1.7) 1.3 (0.5, 3.0) 0.5 (0.2, 1.1)

Never attended social
gatherings in-person 0.6 (0.2, 1.6) 0.5 (0.2, 1.4) 0.8 (0.4, 1.8)

Never shook hands 1.3 (0.5, 3.6) 0.5 (0.2, 1.3) 0.9 (0.3, 2.6)
a Induced by natural infection or vaccination. b Induced by natural infection. Statistically significant values are
shown in bold.

4. Discussion

To the best of our knowledge, our study is the first in Central America to describe
the burden of SARS-CoV-2 on public market workers and determine whether occupations
in the market and adherence to preventive practices are associated with SARS-CoV-2
exposure. Although public market workers are essential frontline workers, placing them at
high risk of SARS-CoV-2 infection [8], few studies have focused on this population. We
assessed SARS-CoV-2 exposure by the presence of antibodies. Our study is unique because
it measures IgA in addition to IgG antibodies. IgA is an essential immune response against
SARS-CoV-2 by neutralizing virus entry at mucosal surfaces [14,15]. IgA also detects recent
viral exposures because the IgA response arises earlier than IgG [16,17].

Antibody seroprevalence ranged from 22% for IgG anti-N in the first serosurvey to 91%
for IgG anti-S in the second serosurvey. In comparison, a cross-sectional study conducted
in June–July 2020 (one year earlier than our study) in eight public markets in Peru reported
that the seroprevalences of IgG/IgM antibodies against SARS-CoV-2 ranged from 27% to
73% [18]. This high variability suggests that contextual characteristics of exposure influence
seroprevalence.

In our first survey, more than half of market workers had antibodies against the
SARS-CoV-2 S protein. Anti-S antibodies are produced in response to vaccination or
natural infection. In Guatemala, as in many countries, vaccination occurred with staggered
priorities, starting with frontline health personnel, then older adults and adults with
comorbidities, and finally, the general adult population and adolescents [19]. At the time of
our first serosurvey in July–October 2021, only 11% of study participants had received a
vaccine dose. The high anti-S antibody levels detected in unvaccinated market workers
indicate that at least half of them had already been exposed to SARS-CoV-2 through natural
infection.

At the time of the second serosurvey, three months after the first serosurvey and one
month after the expansion of the vaccination campaign to the general adult population,
82% of the participants had already received at least one dose of the vaccine. As expected,
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most of those vaccinated had anti-S antibodies, reflecting the vaccine’s effectiveness in
inducing virus-specific antibodies. On the other hand, in unvaccinated participants, the
seroprevalence of all antibody types, especially IgG anti-N protein, increased during the
inter-survey period, suggesting sustained transmission of SARS-CoV-2 and the occurrence
of natural infections. In this high transmission setting, vaccination should be prioritized.

For most market workers, exposure could have gone unnoticed because, in the first
survey, only 14% of participants reported having tested positive since the start of the
pandemic, and few reported symptoms. This is consistent with the rRT-PCR results from
the swab tests we conducted during the first survey, with only two of the 14 rRT-PCR-
positive workers reporting active COVID-19 infections with related symptoms in the
14 days before swab collection. Market workers may have also experienced mild symptoms,
had asymptomatic infections, been in the presymptomatic phase of the disease, or the
virus may not have cleared completely from the last infection. Thus, low awareness of
SARS-CoV-2 infection status can contribute to virus spread within the market and into the
community [6].

The seropositivity was higher for anti-S IgA than for anti-S IgG antibodies, suggesting
that some participants had recent SARS-CoV-2 infections, possibly within one or two weeks
of when IgA antibodies start to be detected, but IgG antibodies are not yet detectable [20].
The indirect ELISA test used in this study (Euroimmun, Lübeck, Germany) detects IgA
antibodies around day 11 from symptom onset and IgG antibodies around day 21 [21]. This
result is consistent with the onset of the infection wave that hit the study site in June 2021,
about one month before the start of the first survey.

To distinguish antibodies triggered by natural infection (IgG anti-N) from those trig-
gered by vaccination (IgG anti-S), we next measured IgG anti-N antibody positivity [22];
however, the results of this effort were inconsistent. Interpreting these serological results
may be challenging due to the involvement of several immune response factors, such as
differences in serological test sensitivities, higher antigenicity of S proteins than N proteins,
and differing antibody durations after infection or vaccination [16].

We hypothesized that marketplace activities involving routine interaction with shop-
pers (vendor occupation) would be positively associated with SARS-CoV-2 exposure,
measured as antibody seroprevalence. In a cross-sectional study conducted in Minnesota
grocery stores, anti-S IgG seropositivity was more than twice as high among workers who
had direct contact with shoppers than in workers without direct contact [23]. Interestingly,
our study found no association between vendor occupation and antibody seroprevalence
among female market workers. However, among men, the odds of anti-S IgA seropositivity
were twelve times higher in workers with vendor occupations than in those engaged in non-
vendor activities, with a similar result for anti-S IgG antibodies. The difference between the
sexes could be because most of the non-vendor men worked in infrastructure maintenance,
where there was no interaction with shoppers or other market workers, while women’s
non-vendor roles may still have exposed them to vendors and shoppers. Differences in im-
mune response between women and men could also contribute to the observed difference
by sex, as women have been shown to develop more B cells than men [24]. Furthermore, in
addition to activities in the market, women may be more exposed to the virus when doing
household chores and taking care of their family [25]. This shows that women market
workers are more vulnerable to exposure to SARS-CoV-2 than men.

Using a mask that covered the nose and mouth was significantly associated with lower
seroprevalence (adjusted by having received ≥1 vaccine dose), suggesting that masking
effectively reduced virus acquisition in this setting and should continue to be encouraged
during high transmission periods to reduce occupational exposure [1]. In addition, between
the first and second serosurvey, we observed a significant increase in the percentage of
workers who reported always practicing physical distancing when eating and always
cleaning their hands with soap and water or alcohol for at least 20 s. This change could be
due to several factors, such as a response to the new wave of SARS-CoV-2 that emerged
during this period, which motivated workers to self-protect themselves to avoid losing
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their income, as local authorities closed the stalls of SARS-CoV-2-infected vendors for
two weeks, or a change in COVID-19 awareness triggered by participation in the study,
as participants received more information about the disease, reinforcement of personal
protection measures, and regular health monitoring by study staff.

Regarding the sociodemographic and health-related variables that were evaluated
(age, educational level, wealth, number of members in the household, market, days per
week at the market, months since working in the market, and having one vaccine dose or
more) along with occupation, we identified higher than secondary education and being in
a high wealth tertile as statistically significant protective factors. However, the model was
specified to address the association between occupation and exposure and only considered
the sociodemographic variables as potential confounders, so caution is needed when
interpreting associations outside the aim of the model. Further studies are needed to
determine why these factors protect against exposure to the virus.

The rapid increase in seropositivity against SARS-CoV-2 observed in the study high-
lights how rapidly the virus is transmitted in a market environment, which can also occur
with other viral respiratory infections. This spread can occur in individuals with or without
signs and symptoms of disease, so the authorities of these markets must develop clear
protocols to contain possible outbreaks of infection and keep the worker population con-
stantly aware of the need to report suspected cases and initiate the actions defined in these
containment protocols. Personal protection measures have been shown to protect against
exposure to SARS-CoV-2, especially the correct use of the mask, so its practice should be
reinforced during peaks of disease transmission, especially in workers who serve shoppers
or who interact with suppliers.

The main limitation of our study was the low participation rate since less than half of
market workers consented to participate, causing low precision in our estimates. However,
the coefficients of variation calculated for general seroprevalence showed satisfactory
values, mainly for IgG anti-S and IgA anti-S antibodies. As perceived by study staff, the
main reasons for reluctance to participate were fear of providing blood or swab samples,
lack of time to participate, disbelief about COVID-19, and fear of the consequences of getting
a positive result, both for their health and for their income. To address potential selection
bias, we calculated a standardized seroprevalence by reweighting the study population
to the distribution of gender, age, and market location of the whole market population.
We found no evidence of selection bias as the standardized seroprevalence was similar to
the seroprevalence estimated from the study population. We believe these results can be
generalized for similar public municipal markets of low- and middle-income countries.
A second limitation pertains to the possibility of non-differential misclassification of the
outcome, as infections with a minimum evolution of 11 days for IgA and 24 days for IgG or
older than six months might not have been detected with our serological test [21]. Finally,
there could also be non-differential misclassification regarding preventive practices because
the frequency of adherence to preventive practices reported in the interview may not reflect
actual practices.

5. Conclusions

We found that at least half of the unvaccinated market workers had already been
exposed to SARS-CoV-2 at the first serological survey, before vaccination, and that the
seroprevalence increased rapidly in three months intersurvey both by vaccination or natural
infection (seen in unvaccinated participants). These results show a high risk of exposure of
market workers to SARS-CoV-2, especially those who interact with shoppers. It highlights
the need for the authorities to develop protocols to contain respiratory disease outbreaks
in the markets, including vaccination, reinforcement of personal protection measures,
especially mask use, and maintenance of awareness about disease transmission among the
market community.
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Frequency of antibody combinations against SARS-CoV-2 detected in paired blood samples col-
lected between 6 July 2021 to 21 September 2021, and from 6 October 2021 to 15 December 2021,
in two public markets workers of Guatemala (1 = antibody detected, 0 = antibody not detected);
Supplementary Table S3a: Association of vendor occupation with exposure to SARS-CoV-2 assessed
by the seroprevalence of IgA anti-spike protein in public market workers; Supplementary Table
S3b: Association of vendor with exposure to SARS-CoV-2 assessed by the seroprevalence of IgG
anti-spike protein in public markets workers; Supplementary Table S3c: Association of vendor with
exposure to SARS-CoV-2 assessed by the seroprevalence of IgG anti-nucleocapsid protein in public
markets workers; Supplementary Table S4a: Association of preventive practices with exposure to
SARS-CoV-2 assessed by the seroprevalence of IgA anti-spike protein in public markets workers;
Supplementary Table S4b: Association of preventive practices with exposure to SARS-CoV-2 assessed
by the seroprevalence of IgG anti-spike protein in public markets workers; Supplementary Table S4c:
Association of preventive practices with exposure to SARS-CoV-2 assessed by the seroprevalence of
IgG anti-nucleocapsid protein in public markets workers.
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