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Abstract

Background: The SARS-CoV-2 pandemic is affecting millions of people living in rural areas of Low- and Middle-Income
Countries and is causing an already anticipated devastating effect on the health and economics of these populations. More
information is needed to modify behaviors that may counterbalance the consequences of mass spread of the virus in these
underserved communities. This study aimed to identify factors associated with a persistent SARS-CoV-2 seronegative status
| year after a massive infection outbreak in middle-aged and older adults living in rural Ecuador. Methods: Individuals enrolled
in the Atahualpa Project Cohort as of March 2020 received 5 rounds of tests for determination of SARS-CoV-2 antibodies
in blood. Individuals who remained seronegative up to April 2021 were considered “persistently seronegative.” An adjusted
Poisson regression model was fitted to estimate the incidence risk ratio of factors directly or inversely associated with
a persistent seronegative status. Results: A total of 673 individuals received baseline tests. Thirty-one declined consent
or died and 429 seroconverted, leaving 213 seronegative subjects. Average SARS-CoV-2 incidence rate was 9.87 events
(95% C.1.: 8.91-10.83) per 100 person-months of observation. The use of flushing toilet systems (instead of open latrines)
increased |.5 times the possibility of remaining seronegative. Likewise, every additional bedroom in the house increased by
I5% the possibility of remaining seronegative. In contrast, every additional person in the house and having high cholesterol
levels significantly reduced the possibility of remaining seronegative. Conclusions: The use of flushing toilet systems and
the number of bedrooms in the house directly influenced the possibility of remaining seronegative among individuals living
in this rural setting. Study results also demonstrated a sustained transmission of the virus even after a significant proportion
of the population has been infected. Our findings reinforce the mass spread of SARS-CoV-2 in rural communities.
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hazards of getting infected by SARS-CoV-2,%¢ and it is also
well-known that the routine practice of biosecurity mea-
sures significantly reduces the risk of infection.” However,
little is known on specific factors that may help individuals
to remain free of infection over time, particularly if they
live in closed remote settings where community transmis-
sion is high and sanitation is insufficient.

SARS-CoV-2 is rapidly spreading across Low-and-
Middle-Income-Countries (LMIC), some of which are the
main foci of attention of the pandemic nowadays.®'? With
the collusion of illiteracy and poor sanitary resources, the
pandemic is currently affecting millions of people living in
rural arecas of LMIC and is causing an already anticipated
devastating effect on the health and economics of these pop-
ulations.!!"!* More information is needed to modify behav-
iors that may counterbalance the consequences of mass
spread of SARS-CoV-2 in these underserved communities.

Atahualpa—a rural Ecuadorian village—was severely
struck by the pandemic from March to May 2020, coinciding
with the introduction of SARS-CoV-2 in Ecuador.!® A very
high infection rate was initially evidenced by a sudden
increase in deaths due to COVID-19, a door-to-door survey
demonstrating a SARS-CoV-2 seroprevalence of 45% among
middle-aged and older adults, and a subsequent survey indi-
cating an overall incidence rate ratio of 7.4per 100person-
months of virus exposure.'*'® Following a population-based
longitudinal prospective design, this study aimed to identify
factors associated with a persistent SARS-CoV-2 seronega-
tive status 1 year after the start of the pandemic in middle-aged
and older adults enrolled in the Atahualpa Project Cohort.

Material and Methods
Study Population

Atahualpa is a rural village located in Coastal Ecuador.
Inhabitants are homogeneous regarding race/ethnicity
(Amerindian ancestry), socioeconomic status, lifestyles, and
diet. Almost all men work as artisan carpenters and most women
are homemakers. The weather in Atahualpa is hot and dry with
12 daily hours of sunlight year-round. The environment is unpol-
luted since few people own a motor vehicle and there are no
industries within the village or in its neighborhoods. The village
has electricity and almost all houses have piped water. However,
approximately 20% of houses do not have flushing toilet sys-
tems inside the houses and still use open latrines. Latrines con-
sist of small shelters located out of the houses and do not have an
incorporated pipe water sink. Atahualpa has a low index of
migration rate and the adherence of the population to the
Atahualpa Project is high, which makes this village an optimal
setting for the conduction of population-based cohort studies.'®

Study Design and Procedures

All individuals actively enrolled in the Atahualpa Project
Cohort were monitored as soon as the first case of

SARS-CoV-2 infection was confirmed in Ecuador (February
27,2020), particularly because the patient zero visited rural
areas of the Santa Elena Province—where Atahualpa is
located—soon after her arrival from Spain (February 14,
2020)." Individuals were clinically monitored until the first
round of tests for determination of SARS-CoV-2 antibodies
was done (May 2020). Those who granted consent for anti-
body determinations were included in this study. A compre-
hensive informed consent form was signed by all study
participants before enrollment. The study was approved by
the Institutional Review Board of Universidad Espiritu
Santo (IORG: 0010320; FWA: 00028878), and followed
ethical principles stated in the Declaration of Helsinki.

Detection of SARS-CoV-2 IgM and IgG antibodies was
performed using a lateral flow antibody test, colloidal gold
method, manufactured by BIOHIT Health Care Ltd.
(Cheshire, UK) in finger prick blood samples. The manu-
facturer reports 97.5% sensitivity with 99.5% specificity for
IgM, and 97.5% sensitivity with 100% specificity for IgG
detection of this kit. As previously detailed, results of those
tests were independently reviewed by 2 readers, with excel-
lent Kappa coefficients for interrater agreement (0.91).
Discrepancies were resolved by consensus. !’

Individuals who tested positive in May 2020 were
administratively censored at that time and no subsequent
tests were performed (see below). In contrast, seronegative
study participants received subsequent tests for SARS-
CoV-2 antibody determinations until they became seroposi-
tive. Four subsequent rounds of tests were performed—June
2020, September 2020, January 2021, and April 2021—
using the same kits and procedures as previously men-
tioned. This periodicity—no more than 12 to 16weeks
between tests—was adopted to reduce the possibility that a
given subject who got infected after a given round would
escape detection by turning seronegative due to a vanished
antibody response at the time of the next round. Individuals
who became seropositive at any given round were censored
at the time of the test, since they could not contribute any
more exposed time, and only those who remained seronega-
tive up to April 2021 were considered for inclusion in the
group of “persistently seronegative.” In addition, during the
follow-up period, all study participants received periodic
home visits and clinical examinations.

Covariates of Interest

Covariates were selected if they have been suggested to
play a role modifying the susceptibility to SARS-CoV-2
acquisition. These included age, gender, level of education
(primary school education or higher), alcohol intake
(dichotomized in =50 or >50g/day), the complete set of
cardiovascular risk factors (smoking status, diet, physical
activity, body mass index, blood pressure, fasting glucose
and total cholesterol blood levels, according to the American
Heart Association criteria),? the waist circumference (as a
surrogate of abdominal obesity), sleep quality (assessed by
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means of the Pittsburgh Sleep Quality Index),”' and the
presence of symptoms of depression (assessed by means of
the depression axis of the Depression-Anxiety-Stress Scale-
21).2 These covariates had been updated during a survey
conducted 3 months before the start of the pandemic in the
village (December, 2019). In addition, social factors of rel-
evance to the pandemic were included as covariates. These
included the economic status of the individual (weighted on
a Likert scale, were 1 point is less than $100 and 5 points is
more than $700 per month, according to the Gijon scale for
the measurement of Social Determinants of Health),* the
number of persons living in the house, bedrooms per house,
having a flushing toilet system (as opposed to an open
latrine), and home confinement during at least 2 months
during the pandemic.

Statistical Analysis

Data analyses were carried out by using STATA version 17
(College Station, TX, USA). In univariate analyses, con-
tinuous variables were compared by linear models and cat-
egorical variables by the x or Fisher exact test as appropriate.
For computing person-years of follow-up, we considered
the time under surveillance starting on March, 2020 (when
clinical surveillance started), and ending the time of the first
positive test, death, lost to follow-up or administrative cen-
soring at the end of the study. A Poisson regression model
adjusted for all the above-mentioned covariates of interest,
was fitted to estimate the incidence risk ratio (IRR) of each
of the factors associated with a persistent seronegative sta-
tus (dependent variable).

Results

Figure 1 is a flow chart depicting the reasons for excluding
study participants at each round of serological testing and
their allocation into seronegative or seropositive categories.
From 702 individuals actively enrolled in the Atahualpa
Project Cohort as of March 2020, 673 (96% coverage)
received a baseline test for the detection of SARS-CoV-2
antibodies in May 2020. The average follow-up was
6.8 months (SD: 5.16months) and the median follow up
was 3.02 months (interquartile range: 2.0-13 months). These
individuals contributed 383.1person-years of follow-up
(mean: 0.57 = 0.43 years; range: 0.17-1.08 years).

A total of 31 individuals were censored before the end of
the study because they declined consent, died, or emigrated
from Atahualpa. In addition, 429 individuals seroconverted
to positive, leaving 213 study participants who remained
seronegative by the end of the study. As noticed in the flow
chart, with the exception of the first round of tests where 45%
of study participants were seropositive, the highest percent-
age of seroconversion (16.5%) was noticed in the last round
of tests (April 2021), which corresponded well with the
Ecuadorian scenario, which by that time was going through

702 Atahualpa residents aged 240 years
actively enrolled as of March 2020

Died or emigrated (n=11) <—
——> Refused the test (n=18)

] 673 tested in May 2020 |

370 seronegative

—> Refused the test (n=8)

303 seropositive (45%)

| 362 tested in June 2020 |
T
334 seronegative

——> Refused the test (n=5)

Died or emigrated (n=5) <—

l 324 tested in September 2020 J

291 seronegative

> Refused the test (n=2)

I 33 seropositive (10.2%)

Died or emigrated (n=3) <—

I 286 tested in January 2021 |
T
263 seronegative

——> Refused the test (n=4)

Died or emigrated (n=4) €<—

| 255 tested in April 2021 ]

o/

213 seronegative individuals
after 5 rounds of testing

I 42 seropositive (16.5%)

Figure |. Flow chart depicting the reasons for censoring
individuals before the end of the study and the number of
persistent seronegative individuals at the administrative
censoring date (April, 2021).

the second wave of the pandemic.?* In the second, third, and
fourth rounds of test, 7.7%, 10.2%, and 8% of individuals
seroconverted, respectively. Average SARS-CoV-2 incidence
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Table |I. Characteristics of Atahualpa Residents Remaining Seronegative Up to the End of the Study Versus Those Who
Seroconverted, Died or Were Lost to Follow-up (Univariate Analysis).

Finished the study as

Censored before the end

seronegative (n=213) of the study (n=460) P-value
Age, years (mean = SD) 59.2+13.2 59.2*+12.7 978
Females, n (%) 121 (57) 260 (57) .945
Primary school education, n (%) 111 (52) 243 (53) .863
Alcohol intake =50g/day, n (%) 46 (22) 96 (21) .829
Smoker, n (%) Il (5) 21 (5) 734
Body mass index =30kg/m?, n (%) 59 (28) 129 (28) 926
Waist circumference, cm (mean = SD) 91.9+8.9 924=*104 .545
Poor physical activity, n (%) 18 (4) 30 (7) .366
Poor diet, n (%) 12 (6) 26 (6) .992
Blood pressure =140/90 mmHg, n (%) 60 (28) 137 (30) .669
Fasting glucose =126 mg/dL, n (%) 48 (23) 104 (23) .983
Total blood cholesterol =240 mg/dL, n (%) 23 (11) 61 (13) .369
Poor sleep quality, n (%) 69 (32) 131 (28) .301
Symptoms of depression, n (%) 22 (10) 50 (1) .833
Economic status, categories (mean = SD) 3.1 %207 3.1 %207 918
Number of persons in the house (mean *+ SD) 51+x27 58+35 .010%*
Number of bedrooms in the house (mean = SD) 26 1.1 25=x 1.1 273
Use of flushing toilet systems, n (%) 182 (85) 359 (78) .024*
Confined at home for 2months, n (%) 79 (37) 159 (35) .524

*Statistically significant result.

rate was 9.87 events (95% C.I.: 8.91-10.83) per 100 person
months of observation. Overall, 255 study participants
received 5 rounds of tests, 31 received 4 rounds, 38 received
3 rounds, 38 received 2 rounds, and the remaining 311
received only 1 round.

The mean age of the 673 study participants was
59.2 = 12.8years, 381 (57%) were women, 354 (53%) had
primary school education only, and 142 (21%) disclosed
heavy alcohol intake. Thirty-two individuals (5%) were
current smokers, 188 (28%) had a body mass index =30kg/
m?, the mean waist circumference was 92.3 = 10cm, 48
(7%) had poor physical activity, 38 (6%) had a poor diet,
197 (29%) had blood pressure =140/90 mmHg, 152 (23%)
had fasting glucose =126 mg/dL, 84 (12%) had total cho-
lesterol levels =240mg/dL, 200 (30%) had a poor sleep
quality, and 72 (11%) had symptoms of depression. The
mean score in the categories of economic status was
3.1 = 0.7 (from a total of 5 points), the mean number of per-
sons per house (including children and young adults) was
5.5+ 3.3, and the mean number of bedrooms per house was
2.6 = 1.1. Flushing toilet systems with closed sewage dis-
posal systems were used by 541 (80%) individuals, and the
remaining had open latrines. Overall, 238 (35%) individu-
als had been confined at home for at least 2 months during
the study period.

In unadjusted analyses, individuals who remained sero-
negative until the end of the study live with fewer persons
in the house (P=.010) and used flushing toilet systems

more often (P=.024) than those who seroconverted, died
or were lost to follow-up. Otherwise, there were no signifi-
cant differences in the remaining covariates across indi-
viduals who persisted seronegative and those who were
censored before the end of the study (Table 1). A Poisson
regression model, adjusted for all the investigated covari-
ates, disclosed that the use of flushing toilet systems
increased 1.5 times the possibility of remaining seronega-
tive, and every additional bedroom in the house increased
by 15% the chance of remaining seronegative. In contrast,
every additional person in the house reduced by 5% the
possibility of remaining seronegative, and having high
cholesterol levels reduced 1.5 times the possibility of
remaining seronegative (Table 2).

Discussion

This prospective study, conducted in a cohort of commu-
nity-dwelling middle-aged and older adults living in a rural
Ecuadorian setting, demonstrates several factors positively
or negatively influencing a persistent SARS-CoV-2 sero-
negative status among individuals living in a village
severely struck by the pandemic. On the other hand, study
results show a sustained transmission after a significant
proportion of the population has already been infected, con-
firming previous worries of disseminated spread of this
infection in remote Latin American settings.>>¢ At the end
of the study, the accumulated percentage of seropositive
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Table 2. Poisson Regression Model Showing Factors Associated With a Persistent Seronegative Status Among Atahualpa Residents.

Persistent seronegative status IRRS 95% confidence interval P-value
Age 1.01 0.99-1.01 976
Gender (being female) 1.06 0.82-1.36 666
Primary school education 1.06 0.85-1.33 612
Alcohol intake =50g/day 1.16 0.86-1.58 .338
Smoker 1.21 0.73-2.00 460
Body mass index =30kg/m? 0.87 0.66-1.15 336
Waist circumference 1.01 0.99-1.02 499
Poor physical activity .16 0.78-172 455
Poor diet 0.99 0.65-1.52 .956
Blood pressure =140/90 mmHg 0.86 0.68-1.09 .208
Fasting glucose =126 mg/dL 0.88 0.70-1.12 292
Total blood cholesterol =240 mg/dL 0.65 0.49-0.86 .003*
Poor sleep quality 1.08 0.86-1.33 .540
Symptoms of depression 0.89 0.65-1.22 469
Economic status 0.90 0.78-1.04 165
Number of persons in the house 0.95 0.92-0.98 .006*
Number of bedrooms in the house .15 1.01-1.30 .029%
Use of flushing toilet systems 1.53 1.20-1.95 .001%*
Confined at home for 2 months 1.18 0.94-1.49 147

SIncidence risk ratio.
*Statistically significant result.

individuals was almost 64% (Figure 1), which is close to the
70% infection rate that has been suggested for reaching
herd immunity. Similar seroprevalence rates have been
observed in other underserved rural communities, provid-
ing further support to our findings.?’

In-house crowding was inversely associated with the
probability of remaining seronegative. This is an expected
finding since social distancing is usually not taken into
account and individuals do not wear a face mask within the
house, exposing other family members to the virus. This is
probably why home confinement was not associated with a
persistent seronegative status since this individual protec-
tion is overcome by the presence of other household mem-
bers who go out of the house for working or social
gatherings. In this line, the number of bedrooms per house
was a protective factor since the lower the number of indi-
viduals sleeping in the same bedroom (or even in the same
bed), the lower the risk of being infected. This has previ-
ously been demonstrated in a Brazilian study that demon-
strated that social inequities—including crowded
households—contribute to the spread of SARS-CoV-2 in
rural settings.’

As noticed, the number of bedrooms in the house was
significantly associated with a persistent seronegative status
in the multivariate Poisson regression model but not in
unadjusted analysis. This is because the univariate associa-
tion between bedrooms and seronegativity ignores the num-
ber of persons in the house. Nonetheless, there is an
association between bedrooms and persons, and the

association with seroprevalence is quite different for the 2
variables in question. As the number of people increases,
seronegativity decreases, while as the number of bedrooms
increases, seronegativity increases. In a multivariate model
the significance of adding 1 bedroom is greater if there are
more than 5 persons in the bedroom (average number of
persons). In other words, the number of bedrooms in the
house is evaluated at the means of any other variables in the
model at a fixed point, which is 5.4 persons per bedroom in
this case.

The present study demonstrates that using a closed flush-
ing toilet system (as opposed to an open latrine) is a strong
protective factor against SARS-CoV-2 infection. As previ-
ously mentioned, about 20% of houses in Atahualpa still
have open latrines.!” Latrines consist of non-ventilated
small shelters located at the backyards that do not have an
incorporated pipe water sink or any other disinfecting flu-
ids. In addition, toilet papers are often disposed in open
waste bins or on the floor of the cabin. Several studies have
demonstrated persistence of SARS-CoV-2 shedding in
feces.?®3% However, it is not known whether these viral par-
ticles are viable and how long they will be infective in
latrine walls. It has been postulated that under specific cir-
cumstances SARS-CoV-2 can remain viable in fomites for
several weeks.’! A study from rural China suggested that
the use of pit latrines may be a source of fecal transmission
of SARS-CoV-2, either by direct contagion of humans with
contaminated feces or through intermediate animal hosts.>
Also, an editorial comment published early in the pandemic
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alerted about the potential role of alternative sources of
viral transmission—including fecal-oral contamination—in
rural areas of LMIC.* A recent case-control study con-
ducted in Atahualpa showed an adjusted odds ratio of 4.82
(95% C.1.: 1.38-16.8) for the presence of SARS-CoV-2
RNA in open latrines when compared to closed flushing toi-
let systems, providing support for the potential role of
latrines as reservoirs of SARS-CoV-2 RNA.3* While the
way excreta is disposed may be assumed as a surrogate of
economic disparities, this may not apply to the study popu-
lation, inasmuch as income status of individuals living in
houses with closed flushing toilet systems and open latrines
are similar. Cultural factors and lack of basic home facilities
may account for the use of latrines in some houses.

Cardiovascular risk factors have shown to enhance the
severity of COVID-19 expression, but their role in making
individuals more prone to SARS-CoV-2 infection is in
debate. A recent study based on more than 9000 individu-
als enrolled in the UK Biobank disclosed several factors
associated with an increased risk of infection, but also
revealed important interactions between them.*® In the
current study, most of the investigated cardiovascular risk
factors were not associated with a modification in the risk
of being infected by the virus. A notable exception was the
presence of high total blood cholesterol, which was
inversely associated with the possibility of remaining
seronegative. As previously mentioned, this inverse asso-
ciation was only noticed in the multivariate Poisson
regression model but not in unadjusted analysis. The lack
of significant association between high cholesterol and
seronegativity found in unadjusted analysis ignores the
relative weight of other cardiovascular risk factors that
also had an effect (non-significant, though) on seronega-
tivity, such as smoking, the waist circumference, and poor
physical activity.

While pathogenetic mechanisms involved in the associa-
tion between high cholesterol levels and susceptibility to
SARS-CoV-2 infection has not fully elucidated thus far, it
has been shown that cholesterol-enriched lipid rafts in the
cell membrane may favor the entrance of the virus into host
cells, explaining the inverse relationship between high cho-
lesterol levels and seronegativity in an endemic milieu.>*3’

Major strengths of this study are the high coverage and
unbiased inclusion of long-term participants in the
Atahualpa Project Cohort, in whom several risk factors and
conditions have been investigated. Other strengths include
the homogeneous characteristics of the village and the study
population, the systematic follow-up of study participants
by field personnel acquainted with the population, the low
numbers of dropouts, and the use of a reliable test for detec-
tion of SARS-CoV-2 antibodies in blood. Nevertheless, the
study has limitations. The study population was limited to
middle-aged and older adults and we missed information
about the infection status of younger villagers and how it

could have influenced the overall seroprevalence of adults
as well as patterns of aggrupation. As mentioned, the test
we used is reported to be highly reliable, but we cannot rule
out misclassifications due to false positive or false negative
results,*® or the possibility of cross-reactions with other
viral agents.> In addition, the study only involved one vil-
lage and our results may be different to realities in other
remote settings of LMIC countries.

In summary, this study discloses factors associated with
a persistent SARS-CoV-2 seronegative status among indi-
viduals living in a remote rural village struck by the pan-
demic, as well as a sustained transmission of the virus even
after a significant proportion of the population has already
been infected. Our findings reinforce the fears of spread of
SARS-CoV-2 in rural Latin America and suggest a contrib-
utory role of fecal-oral transmission. Retrieved information
from this well-established cohort provide grounds for the
conduction of further studies aimed to assess long-term
dynamics of SARS-CoV-2 infection in a closed rural
setting.
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