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Data System. The Spanish National Seroepidemiological Survey of SARS-CoV-2 (or ENE-COVID; SARS-

CoV-2 [severe acute respiratory syndrome coronavirus 2] is the causative agent of COVID-19) was funded

by the Spanish Ministry of Health, the Instituto de Salud Carlos III, and the Spanish National Health System.

Data Collection/Processing. A stratified 2-stage probability sampling was used to select a

representative cohort of the noninstitutionalized population of Spain. ENE-COVID collected longitudinal

data from epidemiological questionnaires and 2 SARS-CoV-2 IgG antibody tests. From April 27 to June

22, 2020, 68287 participants (77.0% of contacted persons) received a point-of-care test and 61095

(68.9%) also underwent a laboratory immunoassay. A second follow-up phase was conducted between

November 16 and 30, 2020.

Data Analysis/Dissemination. Analyses use weights to adjust for oversampling and nonresponse and

account for design effects of stratification and clustering. ENE-COVID data for research purposes will be

available upon request from the official study Web page.

Public Health Implications. ENE-COVID, a nationwide population-based study, allowed monitoring

seroprevalence of antibodies against SARS-CoV-2 at the national and regional levels, providing accurate

figures by gender, age (from babies to nonagenarians), and selected risk factors; characterizing

symptomatic and asymptomatic infections; and estimating the infection fatality risk during the first

pandemic wave. (Am J Public Health. 2023;113(5):525–532. https://doi.org/10.2105/AJPH.2022.307167)

The Spanish National Seroepidemio-

logical Survey of SARS-CoV-2 (Estu-

dio Nacional de Sero-Epidemiolog�ıa de la

Infecci�on por SARS-CoV-2, or ENE-COVID;

SARS-CoV-2 [severe acute respiratory

syndrome coronavirus 2] is the causative

agent of COVID-19) is a nationwide

population-based cohort study to

quantify seropositivity for SARS-CoV-2 in

the noninstitutionalized population of

Spain.

DATA SYSTEM

ENE-COVID was conducted by the Span-

ish Ministry of Health and the Instituto de

Salud Carlos III (ISCIII), in collaboration

with the health services of all the Spanish

regions (Autonomous Communities).

Purpose

The main aims of this longitudinal sero-

prevalence study were (1) to quantify
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the extent of SARS-CoV-2 circulation

throughout the country during the first

epidemic wave, (2) to monitor its evolu-

tion over time, and (3) to evaluate

which factors were associated with

greater risk of being infected by this vi-

rus. Because of the different patterns

of evolution of the pandemic among

Spanish regions, ENE-COVID’s design

was intended to provide accurate and

representative estimates of the preva-

lence of infection at the province level.

Public Health Significance

ENE-COVID was carried out during the

first and very severe epidemic wave of

COVID-19 in a Spain under lockdown,

at a time when diagnostic tests were

scarce and the surveillance system was

not yet able to give reliable data on the

burden of SARS-CoV-2 infection. ENE-

COVID tried to answer the 2 main ques-

tions associated with a pandemic: how

many people were infected, and how

many of them died?1 Its results showed

that, despite the high impact of COVID-19,

the prevalence figures of infection

were low, very far from what would be

needed to support control measures

relying on herd immunity. Also, having

information on the intensity of the pan-

demic in each region contributed to

delineating different schedules for re-

covering activity across the country. In

addition, ENE-COVID provided reliable

estimates of 2 basic public health indi-

cators needed to evaluate and control

the COVID-19 pandemic; namely, the

proportion of asymptomatic infections

and age-specific infection fatality risks.

DATA COLLECTION
AND PROCESSING

ENE-COVID collects data from a

sample representative of the overall

noninstitutionalized population in

Spain, through personal interviews and

using 2 immunoassays (as explained in

this section). To gather information

about the evolution of the epidemic,

3 consecutive data collection rounds

were carried out during a first phase of

the study (April 27–June 22); a second

phase, consisting of a unique round,

took place in November 2020. Primary

care staff from each of the regional

health services carried out fieldwork

(recruitment, epidemiological question-

naires, and antibody testing) under a

common protocol developed by the

National Center for Epidemiology at

ISCIII.

The training of all personnel was co-

ordinated via a Web platform estab-

lished at the National School of Public

Health at ISCIII. The National Statistics

Institute (INE) provided the name, age,

and phone numbers of all residents

registered in the selected households.

Regional call centers and health care

centers tried to contact each house-

hold by phone on different days and at

different times.

The first person answering the call

was informed about the general pur-

pose of the study. If they agreed to par-

ticipate, an initial phone questionnaire

collected and updated the information

on the current residents in the house

and on the characteristics of the house-

hold. All people living in each house-

hold were invited either to go to their

primary health care center or to allow a

home visit, during which they provided

written informed consent. At that visit,

primary care staff collected epidemio-

logical data through computer-assisted

personal interviews; these included a

history of symptoms compatible with

COVID-19 (fever, chills, severe tired-

ness, sore throat, cough, shortness of

breath, headache, anosmia or ageusia,

and nausea, vomiting, or diarrhea), con-

tact with confirmed or suspected cases,

and other risk factors. Participants also

had a point-of-care rapid test to detect

antibodies against SARS-CoV-2 and,

optionally, donated a blood sample to

assess the presence of IgG antibodies

in serum with a more precise

technique.

The Ministry of Health designed a se-

cure Web application specifically for

this study to save both questionnaire

and point-of-care test results. Blood

samples were centrifuged to obtain the

sera, labeled, stored refrigerated at the

primary health care centers, and sent

to the laboratory every 2 or 3 days.

Serum samples were analyzed either at

the National Center for Microbiology

(CNM-ISCIII) or in 1 of 28 selected

regional microbiology laboratories

under CNM-ISCIII coordination.

The study used 2 immunoassays: (1)

a point-of-care test applied to finger-

prick blood to detect IgG antibodies

against the receptor-binding domain of

SARS-CoV-2 spike protein (Orient Gene

Biotech COVID-19 IgG/IgM Rapid Test

Cassette, Zhejiang, China; reference

GCCOV-402a), with a sensitivity of 82%

to 93% and a specificity of 99% to

100% in preliminary validation studies

at CNM-ISCIII and elsewhere2; and (2) a

chemiluminescent microparticle immu-

noassay (CMIA) requiring venipuncture

to detect IgG antibodies against SARS-

CoV-2 nucleoprotein (SARS-CoV-2 IgG

for use with ARCHITECT, Abbott Labora-

tories, Abbott Park, IL; reference

06R8620), with a sensitivity of 91% and

a specificity of 99% in a meta-analysis

of 23 diagnostic accuracy studies.3

Ethical Procedures

To allow the design and recruitment of

a nationwide representative sample, a
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specific collaboration agreement was

established between the Ministry of

Health, the Instituto de Salud Carlos III,

and the INE that regulated the access

and use of personal data from the Mu-

nicipal Register of Inhabitants. The ISCIII

Committee for Ethical Research ap-

proved the study. The Spanish Agency

for Personal Data Protection was con-

sulted. All study participants provided

written informed consent, with specific

forms for adults, teenagers, parents of

participating children, and guardians of

mentally disabled participants. These

documents were available in the 4 offi-

cial languages of Spain. In addition, wit-

nesses assisted participants who were

not able to read any of them.

Population and
Geographic Coverage

Target population. The target popula-

tion was the entire noninstitutionalized

household population of Spain accord-

ing to the Spanish Municipal Register of

Inhabitants, updated in January 2020.

Residents registered in municipal rolls

but without a health card were also in-

cluded (public health care coverage is

universal in Spain, but immigrants with-

out residence permit are not regis-

tered). The study, however, excluded

nearly 1.0% of the Spanish population

residing in institutional settings, mainly

care homes for elderly and disabled

persons, health institutions, prisons,

and military and religious institutions.

Sampling design. We used a stratified

2-stage sampling to select baseline par-

ticipants in the ENE-COVID survey. Giv-

en the heterogeneous circulation of

SARS-CoV-2 by Spanish region, the first

level of stratification comprised the 50

Spanish provinces (47 mainland and 3

insular provinces in the Balearic and

Canary Islands) and the 2 autonomous

cities of Ceuta and Melilla. In addition,

because SARS-CoV-2 transmission may

be affected by population density, the

second level of stratification corre-

sponded to the municipality size,

grouped into municipalities with fewer

than 5000, 5000 to 20000, 20000 to

100000, and 100000 or more inhabi-

tants. There were 185 nonempty popu-

lation strata formed by cross-classifying

provinces and municipality size groups.

Within each stratum, we selected cen-

sus tracts as first-stage sampling units

and households within census tracts as

second-stage sampling units. All resi-

dents in the household were invited to

participate in the study.

Sample size determination and alloca-

tion to strata. We determined a total

sample size of 90000 people to obtain

reliable estimates of SARS-CoV-2 sero-

prevalence in all Spanish provinces, ac-

counting for design effect and potential

nonresponse. To achieve a minimum

sample size by province while preserv-

ing to some extent the population dis-

tribution, we assigned half of the total

sample uniformly to the 50 provinces

and 2 autonomous cities, and the other

half proportionally to their population

sizes. The sample allocated to each

province was distributed proportionally

to its population in the 4 municipality

size groups. As a result of this sample

allocation, persons from less populated

provinces were oversampled to in-

crease the precision of seroprevalence

estimates in these regions. Thus, we

calculated design weights as the in-

verse of the sampling fractions within

each province to restore the actual

population proportions when comput-

ing multiprovince estimates, either at

the national level or by Autonomous

Communities (first-level administrative

division integrating 1 or several

provinces).

Within-stratum sampling. To facilitate

fieldwork and reduce sample disper-

sion, we selected participants within

each stratum in 2 sequential stages.

First, 1500 census tracts were random-

ly selected with probability proportional

to their size; their geographical distribu-

tion is displayed in Figure 1. Afterward,

we sampled 24 households within each

selected tract by simple random sam-

pling without replacement. All persons

residing in the household were invited

to participate in the survey (average

household size52.50 residents),4

yielding the target sample of 90000

persons. All persons in any given popu-

lation stratum had the same probability

of being selected. The design effects,

which were induced by correlated clus-

ters of seropositivity among residents

in the same household and households

from the same census tract, inflate the

variance of SARS-CoV-2 seroprevalence

estimates, which were considered in

statistical analyses. Further details of

the ENE-COVID survey design are de-

scribed elsewhere.5,6

Unit of Data Collection and
Sample Size

Analysis unit. The unit of data collection

and analysis was the participant. In the

ENE-COVID survey, participants who

completed the epidemiological ques-

tionnaire and received the point-of-care

test were included in the point-of-care

sample, and those who also donated a

blood sample and received the CMIA

constituted the CMIA sample.

Sample size. Of 98886 eligible persons

residing in 35885 selected households,

10238 could not be contacted and
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14926 declined to participate (Figure 2).

The point-of-care sample included

68287 participants who received the

point-of-care test in at least 1 of the 3

rounds during the first survey phase

conducted between April 27 and June

22, 2020 (69.1% of eligible persons and

77.0% of contacted persons). Similarly,

the CMIA sample comprised 61095

participants who received this test in at

least 1 round of the first survey phase

(61.8% of eligible persons and 68.9% of

contacted persons).

Response rates. Based on the sociode-

mographic characteristics of all eligible

persons, response rates to the point-

of-care test were lower among persons

aged 25 to 29 years (59.3%) and older

than 80 years (54.5%), among middle-

aged men compared with middle-aged

women (66.6% vs 73.3%), and among

the lowest census tract income quartile

(66.1%). Response rates for the CMIA

evolved similarly to those for the point-

of-care test by sociodemographic

characteristics, except for a sharp de-

crease among those aged younger

than 15 years (Figure 3). We used non-

response weights to adjust for the dif-

ferent responses to the point-of-care

test and the CMIA by gender, age

group, and census tract relative in-

come category.

Frequency of Data
Collection

The first phase of ENE-COVID started

1 month after the peak of the first

COVID-19 pandemic wave in Spain and

included 3 successive follow-up rounds

of data collection and serological test-

ing between April 27 and June 22, 2020

(Figure 4). Each round was completed

in 2 weeks, with a 1-week break be-

tween rounds. Half of the cohort was

randomly assigned for data collection

to the first week of each round and the

other half to the second week, so that

point-of-care testing and serum

specimens were collected in all partici-

pants 2 to 4 weeks apart.

We conducted a second survey

phase after the second wave of the

COVID-19 pandemic, including a fourth

round of data collection between No-

vember 16 and 30, 2020. All selected

persons in the cohort were invited to

receive the point-of-care test, whereas,

in this round, the CMIA was only of-

fered to a random subcohort of 200

census tracts as well as to participants

with a positive result in previous

rounds. More details are available in

Spanish on the ENE-COVID Web site.6

Key Data Elements and
Data Quality and Editing

The widespread geographical coverage,

the large sample size of ENE-COVID,

and the health situation of the country

during the design, planning, and field-

work implied relevant challenges about

the feasibility, uniformity, and quality of

the study. However, the study had

Madrid Barcelona

FIGURE 1— Distribution of Selected Census Tracts by Province in the Seroepidemiological Survey of SARS-CoV-2 Virus
Infection in Spain (ENE-COVID): 2020

Note. Selected census tracts are represented by black areas. Census tracts selected in the largest municipalities (Madrid and Barcelona) are shown
separately.
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strong political support from health au-

thorities, both at the national and re-

gional level. Therefore, the leadership

of the coordination team, the common

protocol and Web-based training pro-

gram, and the work of the very proac-

tive and collaborative primary health

care regional teams, in permanent con-

tact with the central node to monitor

fieldwork and information systems, fa-

vored the homogeneity and quality of

the collected information. The epidemi-

ological questionnaire included infor-

mation on sociodemographic factors,

COVID-19 symptoms, history of

contacts, presence of chronic diseases,

and other risk factors. Primary care

staff collected this information before

performing any serological exam, to

avoid any influence of the test result on

the participants’ answers. Another key

element is the good performance of

the 2 tests used in ENE-COVID to mea-

sure SARS-CoV-2 IgG seroprevalence,

selected by professionals from the

CNM-ISCIII after performing specific val-

idation assays of several candidate

tests. Also, the use of a point-of-care

test facilitated participation, allowing

us to report the result to study

participants immediately, whereas the

CMIA allowed a more precise estima-

tion, with a low risk of false positive

results.

The continuous process of cleaning

and curating the data registered during

the computer-assisted personal inter-

view started at the same time as the

fieldwork. The electronic platform

forced the study personnel to fill in all

the questions included, thereby gener-

ating no missing data. The first phase

of ENE-COVID included 3 contact occa-

sions with the participants within a

2-month period (April 27–June 22),

during which lockdown and restriction

measures changed very rapidly. There-

fore, the epidemiological questionnaire

in each round added specific questions

to explore risk of exposure, and again

collected data on those variables that

had quality problems. The information

was checked, data between rounds

were compared, and detected errors

were corrected. Those participants that

did not collaborate with ENE-COVID in

any of the rounds have missing infor-

mation for the round-specific data.

DATA ANALYSIS AND
DISSEMINATION

In the sections that follow, we review

elements of statistical analysis, inter-

pretation issues, linkage ability, data re-

lease and accessibility, and provide key

references.

Statistical Analysis

Sampling weights. Statistical analyses

assigned sampling weights to survey

participants to account for the different

selection probabilities by province

and the diverse response rates to the

point-of-care test and the CMIA by

Selected persons (n = 104 600)

Eligible persons (n = 98 886)

Contacted persons (n = 88 648)

Participants with point-of-care test (n = 68 287)
First round (n = 61 088)
Second round (n = 63 665)
Third round (n = 62 167)

Not eligible (n = 5714)
Deceased (n = 328)
Institutionalized (n = 1173)
Not resident (n = 4213)

Not contacted (n = 10 238)

Declined to participate (n = 14 926) 
Missing age (n = 15)
No point-of-care test (n = 5420)

Not performed (n = 5404) 
Not valid (n = 16)

Participants with immunoassay (n = 61 095)
First round (n = 52 401)
Second round (n = 54 032)
Third round (n = 52 707)

No immunoassay (n = 7192)
No blood sample (n = 6400)
Not traceable or valid (n = 792)

FIGURE 2— Flowchart of Participants in the First Phase of the
Seroepidemiological Survey of SARS-CoV-2 Virus Infection in Spain
(ENE-COVID): April 27–June 22, 2020

RESEARCH & ANALYSIS

Research Peer Reviewed Pastor-Barriuso et al. 529

A
JP
H

M
ay

2023,Vol113,N
o.

5



0 20 40 60 80 100

0

20

40

60

80

Age, Years

R
e

sp
o

n
se

 t
o

 P
o

in
t-

o
f-

C
a

re
 T

e
st

, %

a

Men

Women

0 20 40 60 80 100

0

20

40

60

80

Age, Years

R
e

sp
o

n
se

 t
o

 Im
m

u
n

o
a

ss
a

y,
 %

b

Men

Women

FIGURE 3— Response Rates to (a) Point-of-Care Test and (b) Chemiluminescent Microparticle Immunoassay by
Gender and Age Group Among Eligible Persons in the First Phase of the Seroepidemiological Survey of SARS-CoV-2 Virus
Infection in Spain (ENE-COVID): April 27–June 22, 2020
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FIGURE 4— Follow-Up Rounds of Data Collection in the First Phase of the Seroepidemiological Survey of SARS-CoV-2
Virus Infection in Spain (ENE-COVID): April 27–June 22, 2020

Note. WHO5World Health Organization.

RESEARCH & ANALYSIS

530 Research Peer Reviewed Pastor-Barriuso et al.

A
JP
H

M
ay

20
23

,V
ol

11
3,

N
o.

5



sociodemographic characteristics. De-

sign weights were first calculated as the

inverse of the selection probabilities

within each province and municipality

size stratum, which were then adjusted

for nonresponse by poststratifying the

sample by gender, 5 age groups, and 2

income categories, so that the weight-

ed sum of participants in each stratum

matched their population totals. Differ-

ent sampling weights were calculated

for the point-of-care and CMIA sam-

ples, and upper extreme weights

(0.2% and 0.5%, respectively) were

trimmed to prevent highly influential

observations.

Design effects. Because of the complex

survey design, the variance of SARS-

CoV-2 seroprevalence estimates should

consider stratification by province and

municipality size and the clustering of

seropositivity by household and census

tract. The intratract correlation coeffi-

cient was 0.05 to 0.06, which inflated

the variance of overall seroprevalence

estimates by a factor of 3.93 for the

point-of-care test and 3.90 for the

CMIA. Finite population corrections

could also be applied since the average

sampling fractions of census tracts per

stratum (6.6%) and households per

census tract (4.9%) were not negligible.

Interpretation Issues

ENE-COVID had high participation

rates, and the information available for

nonparticipants allowed us to consider

differences by age, gender, and census

tract socioeconomic level to provide a

reliable picture of the spread of the

pandemic among the noninstitutiona-

lized population in Spain. However,

ENE-COVID left out institutionalized

people, and the pandemic was particu-

larly dramatic in certain nursing homes.

No official register of this population

was available at that time, and the

study of these closed environments

would have required a different

approach.

As mentioned earlier under Frequency

of Data Collection, a fourth round of

ENE-COVID was conducted in the fall

2020 after the second pandemic wave

with a slightly different design. The char-

acteristics and results of this fourth

round are described in our companion

article in this issue of AJPH (p. 533)

and can be consulted at the study

Web page.6

Linkage Ability

ENE-COVID has individual data, where-

as its design is based on households in

selected census tracts, which have

around 2000 to 3000 residents. This

could allow researchers to perform

spatial analyses based on their location,

as well as to combine the data from

this survey with contextual information

from the Spanish census. In this sense,

we have already profited from the abili-

ty to classify households according to

the average personal income of the

corresponding census tract. Also, the

collaboration of the regional health ser-

vices offers the future possibility of

adding information from the clinical

records of consenting participants.

Data Release and
Accessibility

Very detailed national and regional

reports, as well as interactive maps

with the results for each phase of ENE-

COVID, are available on the official

study Web page, maintained by ISCIII

(https://portalcne.isciii.es/enecovid19).

This portal will also provide information

on the official procedure of accessing

ENE-COVID basic data for research

purposes, which is being defined.

Requests, which must include a short

scientific protocol, will be assessed by

the interinstitutional Collaborative

Research Scientific Committee of ENE-

COVID, as well as by the ISCIII Commit-

tee for Ethical Research, if necessary, to

allow data use without compromising

due confidentiality.

Key References

� Poll�an et al.5

� Poll�an et al.8

� Pastor-Barriuso et al.3

� P�erez-G�omez et al.9

PUBLIC HEALTH
IMPLICATIONS

The first round of ENE-COVID served to

characterize the geographical distribu-

tion of the first COVID-19 pandemic

wave in Spain. It showed an important

heterogeneity, with provinces with ser-

oprevalences close to or greater than

10% mainly in the center of the coun-

try, contrasting with coastal regions

and the islands, where prevalences

were lower than 3%. Even in areas

highly affected by the new pandemic,

seroprevalence estimates were low,

showing the difficulty of achieving herd

immunity in the short term.

Contrary to what could be concluded

from the information provided by the

National Surveillance system,7 sero-

prevalence was similar in men and

women,8 with no great differences ob-

served by age group.5,8 ENE-COVID was

the first population-based study provid-

ing seroprevalence data from babies to

people aged older than 90 years.

It was also the first population-based

study estimating the proportion of

asymptomatic infections,5 and their
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distribution according to socio-

demographic and epidemiological

characteristics.9

The information provided by ENE-

COVID and the number of deaths regis-

tered in our surveillance systems

allowed us to estimate the infection fa-

tality risk for SARS-CoV-2 in Spain.3 The

combination of serological and epide-

miological information served also to

monitor new infections during the 3

rounds of the first phase of the study,

and propose a symptomatic risk score

to predict COVID-19 among symptom-

atic people attended by primary health

doctors.9
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