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ABSTRACT

Background: Estimating the cumulative prevalence of SARS-COV-2 will help to
understand the epidemic, contagion, and immunity to COVID-19 in vulnerable
populations. The objective is to determine the extent of infection in the general
population and the cumulative incidence by age group.

Methods: It was carried out with a longitudinal analytical study, in the population of
the Lambayeque region, located in the north of Peru. The selection was carried out in
multistages (districts, area, household, and finally choosing the interviewee within
the house). Seroprevalence was estimated as a positive result of the rapid test whether
it was positive IgM or positive IgG. An adjustment was made for the sampling
weights used.

Results: The seroprevalence found in the region was 29.5%. Young people between
21 and 50 years old presented the highest seroprevalence frequencies. A total of
25.4% were asymptomatic. The most frequent complaint was dysgeusia and
dysosmia (85.3% and 83.6%). Dysosmia (PR = 1.69), chest pain (PR = 1.49),

back pain (PR = 1.45), cough (PR = 1.44), fever (PR = 1.41), general malaise

(PR = 1.27) were associated factors with the higher the frequency of seropositivity for
SARS-CoV-2. Reporting of complete isolation at home decreased the frequency of
positivity (PR = 0.80), however, reporting having ARI contact (PR = 1.60), having
contact with a confirmed case (PR = 1.51), and going to market (PR = 1.26) increased
the frequency of positivity for SARS-CoV-2.

Conclusion: These results suggest that Lambayeque is the region with the highest
seroprevalence in the world, well above Spain, the United States and similar to a
study in India.
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INTRODUCTION

On January 30, 2020, the World Health Organization (WHO) declared coronavirus
infection 2019 (COVID-19) as a public health emergency of international concern (World
Health Organization, 2020). To date, nearly 90 million confirmed COVID-19 cases

have been reported (Worldometeres). In Peru, the pandemic began on March 6, 2020,
since then almost 471 thousand cases have been reported, of which 88.7% are mild and
asymptomatic (Ministry of Health of Peru (MINSA), 2020).

Previous studies have found that 80.9% of COVID-19 cases have mild disease (Hu et al.,
2020) and 40-45% are asymptomatic (Oran ¢ Topol, 2020) with different clinical
courses due to the heterogeneity of the affected population. Asymptomatic cases with
COVID-19 have shown active subclinical infection, managing to transmit the virus to
other people for a prolonged period (more than 14 days), its identification and
characterization being crucial to control outbreaks in various regions (Hu et al., 2020;
Oran & Topol, 2020).

For the detection of SARS-CoV-2, the IgM and IgG antibodies produced from the
second week of viral infection are used (Sethuraman, Jeremiah ¢» Ryo, 2020), which detect
antibodies against the nucleocapsid antigen and have an immunological memory for up
to 6 weeks after being transmitted from person to person (Li et al., 2005; Tan et al., 2020).
The use of rapid tests has a false positive rate that is less than 3% (Lisboa Bastos et al.,
2020).

This is useful in the development of epidemiological studies, where it is required to
evaluate the presence of antibodies (IgM or IgG) to know the accumulated prevalence of
cases with COVID-19 infection.

Currently, in Peru, the diagnosis of COVID-19 is limited to examining patients who
require medical attention for symptoms, or contact of those confirmed patients, which
in addition to affecting the presentation of the national and local epidemic curves
(Loyola et al., 2020) underestimates the real number of patients with asymptomatic or
subclinical COVID-19. Estimating the cumulative prevalence of SARS-COV-2 will help to
understand the epidemiology of the outbreak, contagion, and immunity to COVID-19 in
vulnerable populations (Munster et al., 2020), as well as to know the proportion of the
population that has already developed antibodies to anticipate its dynamics and plan a
public health response appropriately (Clapham et al., 2020; Lipsitch, Swerdlow ¢ Finelli,
2020).

In this work, a population epidemiological investigation is presented at the Lambayeque
region level, through a serological evaluation whose objective is to determine the extent
of the infection in the general population and the cumulative incidence by age group, as
well as to determine the proportion of asymptomatic infections or subclinical.

MATERIALS AND METHODS
Study design and participants

The seroprevalence study was carried out with a prospective, analytical cross-sectional
study design of population inference at the level of the Lambayeque region, a region
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located in the North of Peru. Lambayeque has a total population of 1,197,260 inhabitants
and is divided into three provinces. The population has 48.5% males; of the total
population, the population aged 15-64 represents 64% and those over 65 represent
8.8%. The age distribution by sex tends to be similar in both groups (National Institute of
Statistics and Informatics of Peru (INEI), 2018).

Sample and sampling

To calculate the sample size, the population size of 1,197,260 inhabitants was taken as a
reference (Informdtica INdEe, 2018). The expected proportion of seropositivity in the
population of 4.5% (Sood et al., 2020) was considered, with a confidence level of 95%
and an absolute precision of 0.01 and at the level of three provinces Chiclayo, Ferrenafe,
and Lambayeque, stratified by sex, giving a total of 2,010 people. Due to the dynamic
condition of the population, it was optimized for its forecast at the date of application of
the sampling with the application of simple linear regression analysis and the logarithm
growth method.

The selection was carried out in multistages, the first stage was carried out in 38 districts,
selected with probabilities proportional to their population size, then random samples
were taken from the area, from the group of each area and household selection within the
group, finally choosing the interviewee inside the house. People who had previously
had a diagnosis of SARS-CoV-2 by RT-PCR or by serological test are excluded.

The selection of a home was made, taking into account the next home at a distance
of no less than 50 m and no more than five homes per block.

At the level of each of the selected households in each district, the following inclusion
criteria were considered for the evaluation: person should be over 9 years of age and reside
in the household for more than 21 days. Institutional places (residents of nursing
homes, residential complexes, persons deprived of liberty, hospitalized persons, convents,
and shelters) and health personnel who have worked in a healthcare center in the previous
30 days were excluded.

For the selection of the person, the Kish method was used, which consists of ordering all
members of the family from the youngest to oldest, and then making a random selection
through an electronic generator without repetition.

SARS-Cov-2 antibody detection
The positivity of the antibodies against SARS-CoV-2 was determined by the lateral
flow test (LFIA, Lateral Flow Immunoassay). “Coretest COVID-19 IgM/IgG Ab Test”
from Core Technology, which uses the principle based on nano-colloidal technology,
the application of a highly specific antigen-antibody reaction, and the principle of
immunochromatographic analysis. The seropositivity in the present study is based on
the qualitative detection of positive IgM, IgG, or IgM/IgG antibodies in all cases.

The tests were carried out using the brand protocol; the fingertip was pierced with a
disposable lancet, collecting the blood with a pipette. Ten uL of whole blood plus two drops
of detection buffer were added to the cassette, the results being read at 15 min.
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Procedures

The patient selection date was from June 24 2020 to July 10 2020. The fieldwork was
carried out by trained health personnel, all under a strict selection and sampling protocol,
as well as the correct application and interpretation of the test.

The selected participants were invited to participate in the study, after they accepted the
epidemiological file elaborated by the Ministry of Health of Peru was applied, this file
collects epidemiological data (age, sex, isolation, contact with a suspicious person or
confirmed for SARS-CoV-2), clinical data (fever, cough, chills, sore throat, malaise,
shortness of breath, headache, anosmia or ageusia, dysosmia, vomiting, diarrhea) as well as
the presence of comorbidities (hypertension, diabetes, obesity, bronchial asthma, cancer,
tuberculosis, COPD, etc.). The rapid test was taken at home, taking the appropriate
biosecurity measures. The responses to the questionnaire and the test results were recorded
on a website through a mobile application.

Statistical analysis

Seroprevalence was estimated as the proportion of participants who had a positive

rapid test result, whether IgM positive or IgG positive or IgM/IgG positive. An adjustment
was made for the sampling weights used, having seroprevalence estimates for different
selection probabilities. The sampling weights were calculated as the inverse of the
probability of sampling selection within the size of each stratum.

Due to the complex design of the selection, it was taken into account that all
statistical analyzes took into account the calculated weights, and this was carried out by
analyzing with svyset in the statistical package Stata® v16.0 (StataCorp, College Station,
TX, USA).

For the descriptive analysis, frequencies and percentages were estimated for categorical
variables, and for numerical variables, the type of distribution was evaluated according to
the histogram and evaluation of bias and kurtosis, being summarized in measures of
central tendency and dispersion.

The bivariate analysis was carried out to know the relationship of factors to
SARS-CoV-2 seropositivity, applying the chi-square test when the dependent variable
was categorical, or with Student’s T or Mann-Withney tests according to the distribution
of the numeric variable.

Regression analysis was performed using generalized linear models, estimating
prevalence ratios (PR) utilizing Poisson family and logarithm link, estimating 95%
confidence intervals (95% CI) and p-values.

In addition, a correction was made for the prevalence of the disease due to the use of an
inaccurate test (Sensitivity: 66% and specificity 97%) (Lisboa Bastos et al., 2020), using
Bayesian estimation and the calculation of confidence intervals with Bootstrap.

Ethical aspects
The research protocol was approved by the ethics committee of the Almanzor Aguinaga
Asenjo Hospital (registration number 042-2020).
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The people who were selected were explained the objective of the research, as well as the
risks and benefits of the study. Written informed consent was obtained from all study
participants. Consent for adults was used, as well as the consent and assent of children and
adolescents, children under 9 years of age was not taken into the protocol so as not to
violate their autonomy. Positive cases were notified to the coordinator for the application
of outpatient management.

RESULTS

Of the 2010 people surveyed, and estimated calculations by complex sampling, the
seroprevalence at the regional level in Lambayeque of SARS-CoV-2 was 29.5% (95% CI
[27.6-31.5]), and this was similar to the three provinces. See Table 1. The distribution of
seroprevalences by district varied, reaching seroprevalences of 60% (See Fig. 1). After
weighing the data by diagnostic performance, a prevalence of 42.15% was obtained (95%
CI [38.17-46.51]).

The seroprevalence was similar in men and women (30.1% and 28.8% respectively).
The age group from 31 to 40 years old presented the highest number of positive patients
with 34.9%, this being lower in those older than 61 years and older, where it can be seen
that seroprevalence decreased.

The presence of symptoms related to COVID-19 was reported by 22.8% of people,
however, of them, only 43.5% gave a positive result. One in four asymptomatic people
tested positive for SARS-CoV-2. Only 810 (41.4%) people complied with strict isolation in
the region, and 25.8% of them were seropositive, as opposed to 32.2% of those who did not
comply with strict isolation. See Table 1.

Of the patients with positive infection, symptoms, and signs the most frequent were
dysgeusia (85.3%), dysosmia (83.6%), and diarrhea (60.5%). While those who had a
negative result for SARS-CoV-2, the most frequent were irritability/confusion (30%),
abdominal pain (29.3%), and nausea/vomiting (29.2%). See Fig. 2.

In the bivariate analysis, multiple symptoms and signs were associated with positivity
for SARS-CoV-2, however, in the multivariate analysis, people who reported fever (PR:
1.41), general malaise (PR: 1.27), cough (PR: 1.44), dysosmia (PR: 1.69), chest pain
(PR: 1.49) and back pain (PR: 1.45) were associated with a higher frequency of positivity.
In the analysis of comorbidities, no comorbidity was associated with positivity for
SARS-CoV-2.

Of the behaviors, those who reported complying with strict home isolation had 20% less
frequency of testing positive for SARS-CoV-2 (PR = 0.80). However, having contact
with patients with acute respiratory infection (ARI), contact with a confirmed case in the
last 14 days, and going to the market, the frequency of testing positive was 60% (PR = 1.60),
51% (PR = 1.51 ) and 26% (PR = 1.26) higher; respectively. See Table 2.

DISCUSSION

Principal findings

Our study found that the seroprevalence of SARS-CoV-2 in the region of Lambayeque,
Peru was 29.6%, where the province with the highest prevalence of the virus was
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Table 1 General characteristics and prevalence of SARS-CoV-2 in Lambayeque.

Variable n (2010) %" Prevalence” (IgM/IgG +) CI 95%*
Province 29.5 [27.6-31.5]
Lambayeque 476 23.6 329 [28.7-37.1]
Ferrenafe 163 8.3 22.5 [16.8-29.5]
Chiclayo 1,371 68.1 29.2 [26.9-31.6]
District
<20,000 hab. 538 28.9 23.0% [19.6-26.7]
20,000-50,000 hab. 469 25.6 32.7% [28.7-37.0]
>50,000 hab. 1,003 45.6 31.8% [29.0-34.8]
Age group
9-20 years 220 11.1 26.9% [21.4-33.2]
21-30 years 329 16.3 31.0% [26.1-36.1]
31-40 years 394 19.5 34.9% [30.3-39.8]
41-50 years 353 17.5 31.1% [26.5-36.2]
51-60 years 315 15.7 29.8% [25.0-35.1]
61-70 years 215 10.7 24.6% [19.2-30.8]
71-80 years 129 6.4 20.3% [14.2-28.2]
>80 years 55 2.7 22.1% [13.0-35.1]
Sex
Masculine 949 52.7 30.1% [27.4-33.0]
Femenine 1,061 47.3 28.8% [26.0-31.8]
Symptomatic
Yes 440 22.8 43.6% [38.9-48.3]
No 1,570 77.2 25.4% [23.3-27.5]
Isolation
Yes 810 414 25.8% [22.8-28.9]
No 1,200 58.6 32.2% [29.6-34.8]
Time of illness
<14 days 239 55.2 33.3% [27.5-39.6]
>14 days 201 44.8 56.2% [49.2-63.0]
A previous visit to healthcare facility
Yes 67 34 39.1% [28.1-51.3]
No 1,943 96.6 29.2% [27.2-31.2]
Contact with ARI case
Yes 123 5.9 57.2% [48.2-65.7]
No 1,887 94.1 27.8% [25.8-29.8]
Contact with a confirmed case
Yes 142 7.2 52.3% [44.0-60.5]
No 1,868 92.8 27.7% [25.8-29.8]
Visit a market
Yes 442 21.1 38.0% [33.6-42.6]
No 1,568 78.9 27.1% [25.1-29.5]
Co-morbidity
Yes 450 22.3 27.4% [23.4-31.7]
No 1,560 77.7 30.3% [27.9-32.4]
Note:

* Estimates obtained by complex sampling. Strata were district.
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Seroprevalence of COVID-19"

(32.19,60)
(24.04,32.19)
(15.63,24.04)
[0.15.63)

Figure 1 Geospatial distribution of seroprevalence of SARS-CoV-2 in Lambayeque, Peru. *Estimates
obtained by complex sampling. Strata were district. Full-size K&l DOT: 10.7717/peerj.11210/fig-1

Lambayeque (31.7%), followed by Chiclayo (29.8%). 28.1% presented an active infection.
Almost one in five patients was asymptomatic (25.7%) and the most frequently reported
symptoms were cough (29.7%), headache (29.4%), and sore throat (26.1%).
Additionally, we also explored the epidemiological clinical factors related to the
seroprevalence of SARS-CoV-2. The epidemiological factors associated with a higher
seroprevalence of SARS-CoV-2 were reported having had contact with a person with ARI,
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‘I’ Signs and symptoms according to infection by SARS-Cov-2

Dysgeusia
Dysosmia

Diarrhea

Fever/chills

Chest pain

Nausea/vomiting
General malaise

Back pain

Shortness of breath
Cough

Abdominal pain
Nasal congestion
Muscle pain

Headache
Sore throat
Irritability/confusion

i

o
[y
o
N
o
w
o
sy
o

Comorbidities according to
infection by SARS-CoV-2

Hypertension

-
Concer —
CopD E—
Renal diseose e _
Liver disease o ——
Disbetes
S
)
—_—

Pregnancy

o
[
o
n
o
w
o

40

m % Negatives ® % Positives

m % Negatives

% Positives

Behaviour according to
infection by SARS-Cov-2

Visited market

Contact with confirmed...
ARI contact —

Visited healthcare facility —
Travel*

Isolation

(=]

20 40 60 80

® % Negatives M % Positives

Figure 2 Characteristics according to SARS-CoV-2 positivity in Lambayeque, Peru. COPD: Chronic
obstructive pulmonary disease. ARIL: Acute respiratory infection. *Estimates obtained by complex sam-
pling. Strata were district. (A) Signs and symptoms according to infection by SARS-CoV-2.
(B) Comorbilities according to infection by SARS-CoV-2. (C) Behaviour according to infection by
SARS-CoV-2. Blue percent with positives. Red percent without SARS-CoV-2.

Full-size K&l DOT: 10.7717/peerj.11210/fig-2

contact with a confirmed case, and having visited a market 14 days before taking a sample

to detect the virus. Regarding clinical factors, it was found that people who reported

fever, general malaise, cough, dysosmia, abdominal pain, chest pain, and back pain had a

higher seroprevalence of SARS-CoV-2.

Seroprevalence of SARS-CoV-2

The SARS-CoV-2 seroprevalence study in the Lambayeque region, Peru showed that
29.6% (95% CI [27.5-31.6]) of the population present anti-SARS-CoV-2 antibodies, and
it is estimated that 354,389 infected people. This is higher than the official report of the
epidemiological situation reported during the investigation period (1,197,260 habitants;
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Table 2 Characteristics associated with seropositivity for SARS-CoV-2 in Lambayeque, Peru.

Characteristics PRc CI 95% PR(a) CI 95% with p-values
Signs/symptoms Model I
Fever/chills 221 [1.89-2.59] 1.41 [1.09-1.82] p = 0.008
General malaise 2.02 [1.71-2.38] 1.28 [0.99-1.65] p = 0.059
Cough 1.87 [1.59-2.20] 1.44 [1.16-1.78] p = 0.001
Sore throat 140 [1.15-1.72] 0.92 (0.73-1.18] p = 0.511
Nasal congestion 1.59 [1.26-2.09] 1.05 [0.80-1.38] p = 0.728
Shortness of breath 1.83 [1.36-2.45] 0.83 [0.57-1.21] p = 0.340
Diarrhea 210 [1.62-2.71] 1.12 [0.83-1.53] p = 0.439
Nausea/vomiting 1.99 [1.39-2.85] 1.16 [0.74-1.80] p = 0.537
Headache 143 [1.17-1.74] 0.89 [0.71-1.12] p = 0.339
Irritability/confusion 0.83 [0.35-1.98] 0.40 [0.20-0.79] p = 0.009
Dysosmia 292 [2.45-3.46] 1.69 [1.15-2.48] p = 0.007
Dysgeusia 296 [249-352] 1.22 [0.84-1.78] p = 0.304
Muscle pain 156 [1.18-2.08] 1.02 [0.76-1.39] p = 0.880
Abdominal pain 1.71 [1.07-2.74] 1.14 [0.70-1.83] p = 0.602
Chest pain 2.02 [1.54-2.64] 1.49 [1.09-2.05] p = 0.014
Backache 1.89 [1.41-2.53] 1.45 [1.05-1.99] p = 0.022
Co-morbility Model II
Pregnancy 1.28 [0.73-2.22] 1.25 [0.72-2.17] p = 0.429
Hypertension 0.83 [0.62-1.11] 0.84 [0.62-1.13] p = 0.246
Diabetes 0.90 [0.65-1.26] 0.93 [0.66-1.30] p = 0.663
Liver disease 0.53 [0.15-1.89] 0.55 [0.16-1.92] p = 0.344
Renal disease 118 [0.69-2.02] 1.19 [0.69-2.03] p = 0.533
COPD 062 [0.28-137] 0.63 [0.28-1.39] p = 0.930
Cancer 101 [0.44-2.30] 1.04 [0.45-2.40] p = 0.250
Obesity 0.97 [0.75-1.24] 0.96 [0.75-1.24] p = 0.770
Behavior Model III
Isolation 0.80 [0.69-0.93] 0.80 [0.69-0.92] p = 0.273
Travel* 0.98 [0.68-1.42] 0.79 [0.54-1.16] p = 0.472
Been in healthcare facility” 1.34 [0.98-1.83] 1.12 [0.80-1.55] p = 0.000
Contact with ARI* 2.06 [1.74-2.44] 1.60 [1.27-2.00] p = 0.001
Contact with confirmed case (14 previous days) 1.88 [1.58-2.25] 1.51 (1.21-1.89] p = 0.001
Been to market* 140 [1.21-1.61] 1.26 [1.09-1.46] p = 0.001
Notes:

“In the 14 days before taking the sample.

ARI: Acute respiratory infection. COPD: Chronic obstructive pulmonary disease.

Estimation carried out by complex samplings, prevalence ratios obtained with generalized linear models with Poisson
family, and logarithmic link. PR: Prevalence ratio. C: raw, a: adjusted. CI: Confidence interval.

Model I: Number of strata = 38; Number of PSUs = 2,010; Degree of freedom (df) = 1,972; F(16,1957) = 22.59; Prob >
F = 0.000.

Model II: Number of strata = 38; Number of PSUs = 2,010; Degree of freedom (df) = 1,972; F(8,1965) = 0.65; Prob >
F =0.7316.

Model III: Number of strata = 38; Number of PSUs = 2,010; Degree of freedom (df) = 1,972; F(5,1968) = 20.02; Prob >
F = 0.0000.
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1.1% positivity; 14,355 infected people; 5,986 dead, source: Lambayeque epidemiological
room July 10, 2020). The infection fatality ratio calculated was 0.5%.

This finding, to our knowledge, suggests that the Lambayeque region represents the
highest seroprevalence of SARS-CoV-2. To date, the closest to this seroprevalence is in
Delhi, India (23.48%) (Ministry of Health and Family Welfare of India, 2020) where
they evaluated from June 27 to July 10, 2020, and only considered the prevalence of
positive IgG. Other studies indicate lower seroprevalences such as Madrid-Spain (11.3%,
95% CI [9.8-13]) (Polldn et al., 2020), Geneva-Switzerland (4.8%, 95% CI [2.4-8.0] to
10.8%, 95% CI [8.2-13.9]) (Stringhini et al., 2020), France (6.7%, 95% CI [5.36-8.11]),
Los Angeles-California (4.65%, 95% CI [2.52-7.07]) (Sood et al., 2020), China (3.2-3.8%)
(Xu et al, 2020), Ttaly (2.5%, 95% CI [2.3-2.6]), Georgia, USA (2.5%; 95% CI [1.4-4.45])
(Biggs et al., 2020), Indiana, USA (1.1%, 95% CI [0.76-2.54]) (Menachemi et al., 2020).

Technical reports of seroprevalence studies led by Regional Health Directorates
(DIRESA), still without being published in scientific publications, affirm figures lower
than those found in Lambayeque: Lima, Peruvian capital (24.3%, 95% CI [18.5-24.3]),
Cusco, southern Peruvian region (2.65%, 95% CI [1.23-4.07]). However, in Iquitos, a
seroprevalence of 71% was found (95% CI [68.0-74.7]). The differences found between
the estimates of the regions evaluated could be due to the date of the research (peaks
between regions), differences in the sample size and type of sampling used, among others.
It should be mentioned that all of these Peruvian seroprevalence studies for the detection
of SARS-CoV-2 used the rapid immunochromatography test.

The high seroprevalence reported in our research could be due to the identification
of epidemiological factors in the population of our study that condition high
transmissibility of the virus in the region. This is because 58.6% reported that they
have not maintained the mandatory social isolation measures (isolation PR: 0.80) and
21.1% have visited the market 14 days prior to the investigation (PR: 1.40), and this
conditions high transmissibility of the virus in the region. An investigation in Peru found
that the frequency of COVID-19 in market workers ranged from 20% to 90%, so these
places were areas of contagion in Lambayeque (Iglesias-Osores, Saavedra-Camacho &
Cérdova-Rojas, 2020). Another factor that could explain the differences found is the
method used to detect antibodies against SARS-CoV-2, which has lower sensitivity in
contrast to ELISA or chemiluminescence tests (Lisboa Bastos et al., 2020). Our study used
the immunochromatography method, in contrast to that reported in India, the United
States, and Switzerland, where antibodies were measured with ELISA and in Italy (ELISA
and/or chemiluminescence-CLIA).

Regarding the seroprevalence reported in the districts of Lambayeque, we found a
geographic variability in the estimates. The districts of Picsi, Zafia, Kafaris, Incahuasi,
Chochope presented a seroprevalence of less than 10%. On the other hand, seroprevalences
higher than 50% were estimated in the districts of Pucalda and Moérrope. The geographic
variability found in our study is consistent with that reported in the United States
(Havers et al., 2020), where the seroprevalence range fluctuated between 1% and 6.9%.

This could be due to the great geographic variability that exists in Lambayeque since
each district has different overcrowding, behavior before the disease and level of
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development; it may also be because some conglomerates have probably respected the
social isolation measures decreed by the government during the state of emergency,
which would result in lower transmissibility of the virus in those districts. By Peruvian
regulations, all inhabitants when leaving their house had to wear a mask and have physical
distance from other people. It is necessary to mention the geographical point in which
the Lambayeque region is located, which is an intermediate point in Peruvian territory
with close access to multiple areas of the coast, mountains, and jungle; which results in a
very active formal and informal economic activity, as well as an easy point of entry
for probable asymptomatic or symptomatic residents of COVID-19. Finally, the high
prevalence could be because this region was severely hit by the high transmissibility of the
virus that caused the near sanitary collapse at the highest peak of the SARS-CoV-2
infection.

The estimated prevalence against SARS-CoV-2 was similar between both sexes
(men: 29.2%; women: 30.0%). This is consistent with what is described in the technical
reports made in our country (Lima and Cusco) and the population findings in Spain, the
United States (Havers et al., 2020; Pollan et al., 2020). However, it differs from what
was reported in Iquitos, where 73% and 58% of women and men had antibodies against
SARS-CoV-2s, respectively, this difference could be due to the fact that, in Iquitos, the
proportion of women and men is 4:3.

Epidemiological factors associated with the seroprevalence of
SARS-CoV-2

We found that people who reported respecting home isolation had a lower SARS-CoV-2
seroprevalence compared to those who mentioned having left their home during the
health emergency period. This is consistent with what has been evidenced in studies
conducted in Europe (Kuitunen et al., 2020; Martinez-Valero, Miranda & Martin-Sanchez,
2020). This could be explained by the fact that the effect of isolation and physical distance
slows down the transmission of the disease, especially this viral disease that is easily
transmissible. A recent review found that physical isolation measures and the use of
masks are effective in reducing the transmission of the disease (Chu et al., 2020).

While reporting has been in contact with a person with ARI and a confirmed
COVID-19 case 2 weeks before participation in this research was associated with a higher
prevalence of SARS-CoV-2 seroprevalence. This has been corroborated in a study that
evaluated close contacts who lived together with patients infected with SARS-CoV-2, who
had up to six times the risk of contracting the disease compared to other not so close cases
(Bi et al., 2020).

Likewise, going to a market 2 weeks before taking a sample for detection of
SARS-CoV-2 represented a higher seroprevalence of SARS-CoV-2. In our search for
information, we only found one study conducted in Baodi, China where 75.5% of its
confirmed cases had gone to markets (Wu et al., 2020). The probable explanation is
that the markets that exist in Lambayeque have not had a strict control to monitor
compliance with biosafety protocols, reduce their capacity, and it was unknown whether
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workers and/or buyers were infected, thus that would increase the possibility of
transmission as has been explained.

Clinical factors associated with SARS-CoV-2 seroprevalence
Participants who reported chest pain, back pain, fever, malaise, and cough were associated
with higher SARS-CoV-2 seroprevalence. This is similar to that reported in other studies
on factors related to virus positivity (Hu et al., 20205 Li et al., 2020), it should be noted
that, unlike other studies where fever and cough are the most frequent symptoms
(88.5% and 68.5% respectively (Li et al., 2020)), our study found that the most frequent
symptoms were cough and headache (29.7% and 29.4% respectively). This very marked
difference may be because the studies where information on signs and symptoms is
available are from hospital studies, unlike this study that was carried out at the community
level.

Implications of the findings

This research provides consistent scientific evidence for improving health decision-making
aimed at mitigating the impact of the COVID-19 pandemic in the Lambayeque region.
These findings represent the baseline measurement that will subsequently make it possible
to know the proportion of participants negative for SARS-CoV-2 who acquire active
disease infection, after completing the clinical follow-up. Additionally, it allows
addressing the frequency of asymptomatic cases and subsequently identifying the
presentation of symptoms throughout the clinical follow-up. These findings will also
make it possible to focus efforts on the districts with the highest proportion of
seroprevalence (epidemiological fences, traceability of cases and contacts at the
community level, targeted mandatory social quarantine measures, reinforcement, and
expansion of the first level of care and rapid response teams, among others).

Limitations and strengths

Our research has some limitations. First, it was not possible to use the immunoassay or
immunochemiluminesence diagnostic method to determine IgG antibodies, given its
better diagnostic precision, so the real estimate may have been much higher, as reported in
the correction with a Bayesian sample. Second, the seroprevalence found represents
only one Peruvian region, a country characterized by having multiple epidemics due to
its wide geographic diversity; however, these results may be representative since an
estimation has been made with complex multistage sampling and stratified by sex.
Third, there is a certain information bias in the estimates of factors associated with
seroprevalence, since it has not been possible to explore other characteristics that influence
the high transmissibility of the virus (economic level, educational level, overcrowding, and
basic services in housing, among others) with which may be an underestimation of the
measured factors, and there may be other unmeasured factors. Fourth, the actual
seroprevalence may be underestimated as repeated antibody measurements could not be
performed at different time points. Fifth, a double serological test was not performed to
differentiate a true and false positive; however, an attempt has been made to control the
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error in the test, so a Bayesian analysis was added to the results. Sixth, by not including
children less than 9 years of age, the study may not be representative of the entire
population. However, to our knowledge, this research represents one of the first population
seroepidemiological studies with a longitudinal design, even at the Latin American level,
characterized by a rigorous methodological implementation to conduct the research,
particularly in aspects of sampling, quality of information collection by government-
trained rapid response teams, sampling and biostatistical processing.

CONCLUSIONS

This research suggests that almost one in three people residing in the Lambayeque region,
Peru have antibodies against SARS-CoV-2. While having contact with a person with
ARI, contact with a confirmed case, going to a market the previous 14 days, presenting
general discomfort, cough, dysosmia, abdominal pain, chest pain, back pain could be
related to a greater seroprevalence of SARS-CoV-2.

ACKNOWLEDGEMENTS

We thank the rapid response teams of EsSalud and “Gerencia Regional de Salud de
Lambayeque”, for the support in the execution and “Comando de Operaciones Regional
Lambayeque Sipan” for the technical support in the execution. We thank EsSalud and
“Gerencia Regional de Salud de Lambayeque” for support with the serological tests used.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by EsSalud and “Gerencia Regional de Salud de Lambayeque”.
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
EsSalud and “Gerencia Regional de Salud de Lambayeque”.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Cristian Diaz-Vélez conceived and designed the experiments, performed the
experiments, authored or reviewed drafts of the paper, and approved the final draft.

e Virgilio E. Failoc-Rojas conceived and designed the experiments, analyzed the data,
prepared figures and/or tables, authored or reviewed drafts of the paper, and approved
the final draft.

e Mario J. Valladares-Garrido conceived and designed the experiments, analyzed the data,
authored or reviewed drafts of the paper, and approved the final draft.

Diaz-Vélez et al. (2021), PeerdJ, DOI 10.7717/peerj.11210 13/16


http://dx.doi.org/10.7717/peerj.11210
https://peerj.com/

Peer/

e Juan Colchado conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, and approved the final draft.

e Lourdes Carrera-Acosta conceived and designed the experiments, authored or reviewed
drafts of the paper, and approved the final draft.

e Mileny Becerra conceived and designed the experiments, authored or reviewed drafts of
the paper, and approved the final draft.

e Dafne Moreno Paico conceived and designed the experiments, performed the
experiments, authored or reviewed drafts of the paper, and approved the final draft.

e Elgin Thom Ocampo-Salazar conceived and designed the experiments, performed the
experiments, authored or reviewed drafts of the paper, and approved the final draft.

Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The research protocol was approved by the ethics committee of the Almanzor Aguinaga
Asenjo Hospital (registration number 042-2020).

Data Availability
The following information was supplied regarding data availability:
The study’s database and codebook are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/

peerj.11210#supplemental-information.

REFERENCES

Bi Q, Wu Y, Mei S, Ye C, Zou X, Zhang Z, Liu X, Wei L, Truelove SA, Zhang T. 2020.
Epidemiology and transmission of COVID-19 in 391 cases and 1286 of their close contacts in
Shenzhen, China: a retrospective cohort study. Lancet Infectious Diseases 20(8):911-919
DOI 10.1016/51473-3099(20)30287-5.

Biggs HM, Harris JB, Breakwell L, Dahlgren FS, Abedi GR, Szablewski CM, Drobeniuc J,
Bustamante ND, Almendares O, Schnall AH, Gilani Z, Smith T, Gieraltowski L, Johnson JA,
Bajema KL, McDavid K, Schafer IJ, Sullivan V, Punkova L, Tejada-Strop A, Amiling R,
Mattison CP, Cortese MM, Ford SE, Paxton LA, Drenzek C, Tate JE. 2020. Estimated
Community Seroprevalence of SARS-CoV-2 Antibodies - Two Georgia Counties. Morbidity and
Mortality Weekly Report 69:965-970 DOI 10.15585/mmwr.mm6929e2.

Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schiinemann HJ. 2020. Physical distancing, face
masks, and eye protection to prevent person-to-person transmission of SARS-CoV-2 and
COVID-19: a systematic review and meta-analysis. Lancet 395(10242):1973-1987
DOI 10.1016/S0140-6736(20)31142-9.

Clapham H, Hay ], Routledge I, Takahashi S, Choisy M, Cummings D, Grenfell B, Metcalf CJE,
Mina M, Barraquer IR, Salje H, Tam CC. 2020. Seroepidemiologic study designs for
determining SARS-COV-2 transmission and immunity. Emerging Infectious Diseases
26(9):1978-1986 DOI 10.3201/eid2609.201840.

Havers FP, Reed C, Lim T, Montgomery JM, Klena JD, Hall AJ, Fry AM, Cannon DL,
Chiang CF, Gibbons A, Krapiunaya I, Morales-Betoulle M, Roguski K, Rasheed MAU,

Diaz-Vélez et al. (2021), PeerdJ, DOI 10.7717/peerj.11210 14/16


http://dx.doi.org/10.7717/peerj.11210#supplemental-information
http://dx.doi.org/10.7717/peerj.11210#supplemental-information
http://dx.doi.org/10.7717/peerj.11210#supplemental-information
http://dx.doi.org/10.1016/S1473-3099(20)30287-5
http://dx.doi.org/10.15585/mmwr.mm6929e2
http://dx.doi.org/10.1016/S0140-6736(20)31142-9
http://dx.doi.org/10.3201/eid2609.201840
http://dx.doi.org/10.7717/peerj.11210
https://peerj.com/

Peer/

Freeman B, Lester S, Mills L, Carroll DS, Owen SM, Johnson JA, Semenova V, Blackmore C,
Blog D, Chai SJ, Dunn A, Hand J, Jain S, Lindquist S, Lynfield R, Pritchard S, Sokol T,
Sosa L, Turabelidze G, Watkins SM, Wiesman J, Williams RW, Yendell S, Schiffer J,
Thornburg NJ. 2020. Seroprevalence of antibodies to SARS-CoV-2 in 10 Sites in the United
States. JAMA Internal Medicine 180(12):1576 DOI 10.1001/jamainternmed.2020.4130.

Hu Z, Song C, Xu G, Jin G, Chen Y, Xu X, Ma H, Chen W, Lin Y, Zheng Y, Wang J, Hu Z, Yi Y,
Shen H. 2020. Clinical characteristics of 24 asymptomatic infections with COVID-19 screened
among close contacts in Nanjing, China. Science China-life Sciences 63(5):706-711
DOI 10.1007/s11427-020-1661-4.

Iglesias-Osores S, Saavedra-Camacho JL, Cérdova-Rojas LM. 2020. Mercados y estaciones de
transporte como focos infecciosos de COVID-19. Revista Experiencia en Medicina del Hospital
Regional Lambayeque 6(4) DOI 10.37065/rem.v6i4.489.

Kuitunen I, Artama M, Mikeli L, Backman K, Heiskanen-Kosma T, Renko M. 2020. Effect of
social distancing due to the COVID-19 pandemic on the incidence of viral respiratory tract
infections in children in finland during early 2020. Pediatric Infectious Disease Journal
39(12):e423-e427 DOI 10.1097/inf.0000000000002845.

Li LQ, Huang T, Wang YQ, Wang ZP, Liang Y, Huang TB, Zhang HY, Sun W, Wang Y. 2020.
COVID-19 patients’ clinical characteristics, discharge rate, and fatality rate of meta-analysis.
Journal of Medical Virology 92(6):577-583 DOI 10.1002/jmv.25757.

Li YH, Li J, Liu XE, Wang L, Li T, Zhou YH, Zhuang H. 2005. Detection of the nucleocapsid
protein of severe acute respiratory syndrome coronavirus in serum: comparison with results of
other viral markers. Journal of Virological Methods 130(1-2):45-50
DOI 10.1016/j.jviromet.2005.06.001.

Lipsitch M, Swerdlow DL, Finelli L. 2020. Defining the epidemiology of Covid-19 - studies
needed. New England Journal of Medicine 382(13):1194-1196 DOI 10.1056/NEJMp2002125.
Lisboa Bastos M, Tavaziva G, Abidi SK, Campbell JR, Haraoui LP, Johnston JC, Lan Z, Law S,
MacLean E, Trajman A, Menzies D, Benedetti A, Ahmad Khan F. 2020. Diagnostic accuracy

of serological tests for covid-19: systematic review and meta-analysis. BMJ 370:m2516
DOI 10.1136/bmj.m2516.

Loyola S, Valle A, Montero S, Carrasco-Escobar G. 2020. Recomendaciones para describir de
forma adecuada una curva epidémica de COVID-19. Revista Peruana de Medicina Experimental
y Salud Publica 37(2):5461 DOI 10.17843/rpmesp.2020.372.5461.

Martinez-Valero C, Miranda JD, Martin-Sanchez FJ. 2020. The impact of time to impose
lockdown on COVID-19 cases and deaths in European countries. Medicina Clinica
DOI 10.1016/j.medcli.2020.07.007.

Menachemi N, Yiannoutsos CT, Dixon BE, Duszynski T], Fadel WF, Wools-Kaloustian KK,
Unruh Needleman N, Box K, Caine V, Norwood C, Weaver L, Halverson PK. 2020.
Population point prevalence of SARS-CoV-2 infection based on a statewide random sample.
MMWR. Morbidity and Mortality Weekly Report 69(29):960-964
DOI 10.15585/mmwr.mm6929el.

Ministry of Health of Peru (MINSA). 2020. Sala Situacional COVID-19 Peru. Available at
https://covid19.minsa.gob.pe/sala_situacional.asp.

Ministry of Health and Family Welfare of India. 2020. Sero-prevalence study conducted by
National Center for Disease Control NCDC, MoHFW, in Delhi. Available at https://pib.gov.in/
PressReleasePage.aspx?PRID=1640137 (accessed 8 August 2020).

Diaz-Vélez et al. (2021), PeerdJ, DOI 10.7717/peerj.11210 15/16


http://dx.doi.org/10.1001/jamainternmed.2020.4130
http://dx.doi.org/10.1007/s11427-020-1661-4
http://dx.doi.org/10.37065/rem.v6i4.489
http://dx.doi.org/10.1097/inf.0000000000002845
http://dx.doi.org/10.1002/jmv.25757
http://dx.doi.org/10.1016/j.jviromet.2005.06.001
http://dx.doi.org/10.1056/NEJMp2002125
http://dx.doi.org/10.1136/bmj.m2516
http://dx.doi.org/10.17843/rpmesp.2020.372.5461
http://dx.doi.org/10.1016/j.medcli.2020.07.007
http://dx.doi.org/10.15585/mmwr.mm6929e1
https://covid19.minsa.gob.pe/sala_situacional.asp
https://pib.gov.in/PressReleasePage.aspx?PRID=1640137
https://pib.gov.in/PressReleasePage.aspx?PRID=1640137
http://dx.doi.org/10.7717/peerj.11210
https://peerj.com/

Peer/

Munster VJ, Koopmans M, Van Doremalen N, Van Riel D, De Wit E. 2020. A novel coronavirus
emerging in China: key questions for impact assessment. New England Journal of Medicine
382(8):692-694 DOI 10.1056/NEJMp2000929.

National Institute of Statistics and Informatics of Peru (INEI). 2018. Lambayeque. Resultados
definitivos. Available at https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/
Est/Lib1560/14TOMO_01.pdf.

Oran DP, Topol EJ. 2020. Prevalence of asymptomatic SARS-CoV-2 infection: a narrative review.
Annals of Internal Medicine 173(5):M20-3012 DOI 10.7326/M20-3012.

World Health Organization. 2020. Statement on the second meeting of the International
Health Regulations (2005) Emergency Committee regarding the outbreak of novel coronavirus
(2019-nCoV). Geneva: WHO.

Pollan M, Pérez-Gomez B, Pastor-Barriuso R, Oteo J, Hernin MA, Pérez-Olmeda M,
Sanmartin JL, Ferniandez-Garcia A, Cruz I, Ferniandez de Larrea N, Molina M,
Rodriguez-Cabrera F, Martin M, Merino-Amador P, Leon Paniagua J, Muiioz-Montalvo JF,
Blanco F, Yotti R. 2020. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): a nationwide,
population-based seroepidemiological study. Lancet 396(10250):535-544
DOI 10.1016/s0140-6736(20)31483-5.

Sethuraman N, Jeremiah SS, Ryo A. 2020. Interpreting diagnostic tests for SARS-CoV-2. JAMA
323(22):2249-2251 DOI 10.1001/jama.2020.8259.

Sood N, Simon P, Ebner P, Eichner D, Reynolds ], Bendavid E, Bhattacharya J. 2020.
Seroprevalence of SARS-CoV-2-specific antibodies among adults in Los Angeles County,
California. JAMA 323(23):2425-2427 DOI 10.1001/jama.2020.8279.

Stringhini S, Wisniak A, Piumatti G, Azman AS, Lauer SA, Baysson H, De Ridder D,
Petrovic D, Schrempft S, Marcus K, Yerly S, Arm Vernez I, Keiser O, Hurst S,
Posfay-Barbe KM, Trono D, Pittet D, Gétaz L, Chappuis F, Eckerle I, Vuilleumier N,
Meyer B, Flahault A, Kaiser L, Guessous I. 2020. Seroprevalence of anti-SARS-CoV-2 IgG
antibodies in Geneva, Switzerland (SEROCoV-POP): a population-based study. Lancet
396(10247):313-319 DOI 10.1016/S0140-6736(20)31304-0.

Tan W, Lu Y, Zhang J, Wang J, Dan Y, Tan Z, He X, Qian C, Sun Q, Hu Q. 2020. Viral kinetics
and antibody responses in patients with COVID-19. MedRxiv
DOI 10.1101/2020.03.24.20042382.

Wu W, LiY, Wei Z, Zhou P, Lyu L, Zhang G, Zhao Y, He H, Li X, Gao L. 2020. Investigation and
analysis on characteristics of a cluster of COVID-19 associated with exposure in a department
store in Tianjin. Zhonghua liu xing bing xue za zhi= Zhonghua liuxingbingxue zazhi 41:489-493.

Xu X, Sun J, Nie S, Li H, Kong Y, Liang M, Hou J, Huang X, Li D, Ma T, Peng J, Gao S, Shao Y,
Zhu H, Lau JY, Wang G, Xie C, Jiang L, Huang A, Yang Z, Zhang K, Hou FF. 2020.
Seroprevalence of immunoglobulin M and G antibodies against SARS-CoV-2 in China.
Nature Medicine 26:1193-1195.

Diaz-Vélez et al. (2021), PeerdJ, DOI 10.7717/peerj.11210 16/16


http://dx.doi.org/10.1056/NEJMp2000929
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1560/14TOMO_01.pdf
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1560/14TOMO_01.pdf
http://dx.doi.org/10.7326/M20-3012
http://dx.doi.org/10.1016/s0140-6736(20)31483-5
http://dx.doi.org/10.1001/jama.2020.8259
http://dx.doi.org/10.1001/jama.2020.8279
http://dx.doi.org/10.1016/S0140-6736(20)31304-0
http://dx.doi.org/10.1101/2020.03.24.20042382
http://dx.doi.org/10.7717/peerj.11210
https://peerj.com/

	SARS-CoV-2 seroprevalence study in Lambayeque, Peru. June--July 2020
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


