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Abstract

Background: Currently, there is a missing link in the natural history of COVID-19, from
first (usually milder) symptoms to hospitalization and/or death. To fill in this gap, we
characterized COVID-19 patients at the time at which they were diagnosed in outpatient
settings and estimated 30-day hospital admission and fatality rates.

Methods: This was a population-based cohort study.Data were obtained from
Information System for Research in Primary Care (SIDIAP)—a primary-care records
database covering >6 million people (>80% of the population of Catalonia), linked to
COVID-19 reverse transcriptase polymerase chain reaction (RT-PCR) tests and hospital
emergency, inpatient and mortality registers. We included all patients in the database
who were >15years old and diagnosed with COVID-19 in outpatient settings between 15
March and 24 April 2020 (10 April for outcome studies). Baseline characteristics included
socio-demographics, co-morbidity and previous drug use at the time of diagnosis, and
polymerase chain reaction (PCR) testing and results.Study outcomes included 30-day
hospitalization for COVID-19 and all-cause fatality.

Results: We identified 118 150 and 95 467 COVID-19 patients for characterization and out-
come studies, respectively. Most were women (58.7%) and young-to-middle-aged (e.g.
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21.1% were 45-54years old). Of the 44575 who were tested with PCR, 32723 (73.4%)
tested positive. In the month after diagnosis, 14.8% (14.6-15.0) were hospitalized, with a
greater proportion of men and older people, peaking at age 75-84 years. Thirty-day fatal-
ity was 3.5% (95% confidence interval: 3.4% to 3.6%), higher in men, increasing with age
and highest in those residing in nursing homes [24.5% (23.4% to 25.6%)].

Conclusion: COVID-19 infections were widespread in the community, including all age—
sex strata. However, severe forms of the disease clustered in older men and nursing-
home residents. Although initially managed in outpatient settings, 15% of cases required
hospitalization and 4% died within a month of first symptoms. These data are instrumen-
tal for designing deconfinement strategies and will inform healthcare planning and
hospital-bed allocation in current and future COVID-19 outbreaks.
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Key Messages

home residents.

month, with an overall 30-day fatality of 4%.

¢ COVID-19 infections are spread in the community and are in fact more common amongst women in their middle
ages. Almost one in five cases is seen in rural areas, with widespread distribution in all socio-economic strata.

* Severe forms of the disease, resulting in hospital admission or death, are more common in elderly men and nursing-

¢ Almost 15% of patients diagnosed with COVID-19 in outpatient settings need a hospital admission in the following

Introduction

COVID-19 started as an outbreak in Wuhan, China, in
December 2019 and rapidly developed into a global pan-
demic, causing a substantial morbidity and fatality burden,
and straining healthcare systems worldwide.! In Europe, it
was first reported in late January 2020. The first case in
Spain was reported a month later, although one study has
suggested that community transmission were already oc-
curring by then.” By 26 July, Spain had reported the
eighth-highest death toll of COVID-19 in the world.

As most COVID-19 patients present influenza-like
symptoms, including fever, dry cough, fatigue and sore
throat,” they are eligible for outpatient or primary-care
management in the first instance. However, studies to date
have focused on the characteristics and prognosis of hospi-
talized* or intensive-care’ COVID-19 patients, skewing
current estimates of the morbi-mortality of COVID-19
globally. It is essential to characterize patients from their
first diagnosis to achieve a more complete understanding
of the prognosis of this disease.

Universal healthcare systems, such as those in Spain and
the UK, rely on general practitioners to act as gatekeepers,
with all patients seen in primary care before admission to
hospital.® Primary-care electronic health records from such

healthcare systems, when linked with hospital emergency
and inpatient and mortality registers, offer a unique oppor-
tunity to fully characterize the natural history of COVID-
19.

We used outpatient and inpatient electronic medical
records for a large number of COVID-19 cases, linked
with reverse transcriptase polymerase chain reaction (RT-
PCR) data and mortality registers, to describe the natural
history of COVID-19 in Spain. We characterized COVID-
19 patients’ socio-demographics, co-morbidities and medi-
cines used at the time of diagnosis. We then estimated the
need for hospital admissions and all-cause fatality associ-
ated with COVID-19 in the month following from first
symptoms and outpatient diagnosis.

Methods

Study design and data sources

We performed a cohort study with prospectively collected
data from the Information System for Research in Primary
Care (SIDIAP; www.sidiap.org) in Catalonia, Spain.”
SIDIAP contains anonymized primary-care electronic
health records for >6 million people, covering a represen-

tative >80% of the Catalan population since 2006. It
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includes high-quality, validated diagnoses [International
Diseases, 10th Clinical
Modification (ICD-10-CM)], medicine prescriptions, labo-
ratory tests, and lifestyle and socio-demographic informa-
tion.>” For this study, SIDIAP was also linked to the
region-wide population-based hospital and outpatient

Classification for revision,

emergency register,'” the bespoke central database of RT-
PCR COVID-19 tests and the regional mortality registry.

Study participants and follow-up

We included all individuals aged >15 years with COVID-
19 identified by a positive RT-PCR test for severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) and/or a
clinical diagnosis (ICD-10-CM codes B34.2, B97.21,
B97.29, J12.81) recorded in primary care from 15 March
2020 to 24 April 2020. We excluded individuals who were
hospitalized with COVID-19 before their index date (prev-
alent cases). Patients with a prevalent diagnosis of pneu-
monia and/or a hospital admission for respiratory
symptoms subsequently diagnosed with COVID-19 were
also excluded to avoid misclassification. For outcome
analysis (hospital admission or fatality), only those with an
index date before 10 April 2020 were included to guaran-
tee at least 14 days of follow-up from the index date.
Participants were followed from the earliest of a first
positive RT-PCR test or clinical diagnosis (index date) un-
til death or the end of the study period (24 April 2020).

Repeat RT-PCR testing was dismissed.

Baseline characteristics and co-morbidities

Socio-demographics were assessed at the index date: sex,
age (in years), place of residence (community, nursing
home), rurality (rural, urban) and nationality (Spain, other).
Rural areas were defined as areas with <10 000 inhabitants
and a population density of <150 inhabitants/lkm?. We
assessed socio-economic status using the validated MEDEA
deprivation index, which has previously been linked to
SIDIAP'! and is calculated by the census tract level in urban
areas, categorized in quartiles, where the first and fourth
quartiles are the least and most deprived areas, respectively.
Rural areas were categorized separately.

We defined pre-existing co-morbidities as the presence
of a diagnosis code recorded at any time before the index
date and still active at COVID-19 diagnosis for a pre-
specified list of conditions based on previous literature.*™
Lists of ICD-10-CM codes for each of these conditions are
provided in Supplementary Table 1, available as
Supplementary data at IJE online.

We characterized use of long-term medicines based on

primary-care prescriptions active at the time of diagnosis

(index date). A pre-specified list of medicines was created
based on the same previous literature’™ and identified us-
ing Anatomical Therapeutic Chemical Classification
System codes (Supplementary Table 2, available as

Supplementary data at IJE online).

Outcomes

Two outcomes were studied, both 30 days after index date:
COVID-19-related hospital admission and all-cause death.
Hospitalizations were ascertained from linked hospital
data covering emergency rooms and inpatient administra-
tive data for the whole of Catalonia. COVID-19-related
admissions were identified using a bespoke list of ICD-10-
CM diagnostic codes recorded in hospital-discharge data
(Supplementary Table 3, available as Supplementary data
at IJE online). Date of death was obtained from linked re-
gional mortality data.

Statistical methods

For descriptive analyses, the median (inter-quartile range)
or number (%) is reported for each patient characteristic.
The cumulative number (%) of hospital admissions and fa-
tality were obtained from the data. Thirty-day probabili-
ties were obtained from Kaplan—Meier estimates, stratified
by sex, age (10-year bands), nursing-home-residence status
and RT-PCR result, where available. The Kaplan—-Meier
estimates and log-rank p-values are shown for both study
outcomes, stratified by sex and age group. All analyses
were conducted using R version 3.5.1.

Ethics approval

This study was approved by the Clinical Research Ethics
Committee of the IDIAPJGol (project code: 20/070-PCV).
There was no patient or public involvement in this study.

Results

We identified 118 150 cases of COVID-19 that were eligi-
ble for descriptive analyses, of whom 44175 (37.7%) re-
ceived an RT-PCR test. Test results were received within a
median (inter-quartile range) of 3.9 (7.4) days and were
mostly positive (32723 cases, 73.4% of test), with 10 649
(23.4%) negative and 1202 (2.7%) inconclusive tests.

Patients with 14 or more days of follow-up (95 467/
118 150; 80.8%) were included in the 30-day outcome
analysis. Figure 1 shows the selection of patients for inclu-
sion in each analysis.

Table 1 summarizes the included patients’ baseline
characteristics when diagnosed with COVID-19. They
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Figure 1 Population flow chart, showing the selection of patients for inclusion in each analysis
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Table 1 Baseline characteristics at the time of COVID-19 outpatient diagnosis®

Variable Value N %

Socio-demographics

Age 15-24 years old 6849 5.80%
Age 25-34 years old 15949 13.50%
Age 35-44 years old 24982 21.14%
Age 45-54 years old 24 949 21.12%
Age 55-64 years old 18222 15.42%
Age 65-74 years old 9313 7.88%
Age 75-84 years old 8271 7.00%
Age >85 years old 9615 8.14%
Sex Women 69319 58.67%
Nationality Spain 104 352 88.32%
Nationality Other 13798 11.68%
Socio-economic status Urban—Quartile 1 (least deprived) 30014 25.40%
Socio-economic status Urban—Quartile 2 17 704 14.98%
Socio-economic status Urban—Quartile 3 21030 17.80%
Socio-economic status Urban—Quartile 4 (most deprived) 25012 21.17%
Socio-economic status Rural 20757 17.57%
Socio-economic status Missing 3633 3.07%
Residence Nursing home 10 452 8.85%
Pregnancy Yes 587 0.50%
Co-morbidities

Atrial fibrillation 4267 3.61%
Osteoarthritis 17 635 14.93%
Asthma 8025 6.79%
Ischaemic heart disease 3442 2.91%
Dementia 5303 4.49%
Diabetes mellitus 11 042 9.35%
Liver disease 5308 4.49%
Hypertension 27789 23.52%
Heart failure 2687 2.27%
Cerebrovascular disease 2622 2.22%
Chronic obstructive pulmonary disease 3539 3.00%
Chronic kidney disease 5988 5.07%
Cancer (all except non-melanoma skin cancer) 8563 7.25%
Obesity 23109 19.56%
HIV infection 300 0.25%
Hepatitis B 301 0.25%
Hepatitis C 710 0.60%
Long-term medicine/s use

Analgesics 25436 21.53%
Sedatives/hypnotics 19 684 16.66%
Anti-coagulants 15202 12.87%
Antidepressants 18 860 15.96%
Anti-epileptics 7410 6.27%
Anti-psychotics 7525 6.37%
Proton-pump inhibitors/anti-acids 21708 18.37%
Systemic corticosteroids 2539 2.15%
Oral anti-diabetics 7923 6.71%
Insulin 3323 2.81%
Lipid-modifying agents 14 398 12.19%
Chronic obstructive pulmonary disease/asthma inhalers 12297 10.41%
Alpha-blockers 649 0.55%
Beta-blockers 8062 6.82%

(Continued)
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Table 1 Continued

Variable Value N %
Calcium channel blockers 6513 5.51%
Diuretics 9392 7.95%
ACEi/ARBs 13448 11.38%
Combination anti-hypertensives 6209 5,26%

“Data are for patients with a positive result on a reverse transcriptase polymerase chain reaction (RT-PCR) test for severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) and/or a clinical diagnosis recorded in primary care from 15 March to 24 April 2020.

ACEIi/ARBs, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers.
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Figure 2 (A) Kaplan-Meier estimates of COVID-19-related hospital ad-
mission after COVID-19 diagnosis, stratified by sex. (B) Kaplan-Meier
estimates of COVID-19-related hospital admission after COVID-19 diag-
nosis, stratified by age in 10-year bands.

were predominantly women (58.7%) who were middle-
aged (21.1% 35-44,21.1% 45-54 and 15.4% 55-64 years
old); 21.2% (25012) of infected people lived in the most
deprived urban areas and an additional 17.6% (20757) in
rural areas. A substantial 10452 patients (8.9%) lived in
nursing homes and 587 (0.5% of total) women were preg-
nant when diagnosed with COVID-19.

The most common co-morbidities were hypertension
(23.5%), obesity (19.6%) and osteoarthritis (14.9%).
The least common co-morbidities were chronic viral
hepatitis (0.6% type C, 0.3% type B) and HIV (0.3%).
The 10 most commonly used long-term therapies at
COVID-19 diagnosis were analgesics (21.5%), proton-
pump inhibitors/anti-acids (18.4%), sedatives/hypnotics
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Figure 3 (A) Kaplan-Meier estimates of all-fatality after COVID-19 diag-
nosis, stratified by sex. (B) Kaplan—-Meier estimates of all-cause fatality
after COVID-19 diagnosis, stratified by age in 10-year bands.

(16.7%), (16.0%), anti-thrombotics

(12.9%), lipid-modifying agents (12.2%), angiotensin-

antidepressants

converting enzyme inhibitors/angiotensin receptor block-
ers (ACEi/ARBs) (11.4%), chronic obstructive pulmo-
nary disease/asthma inhalers (10.4%), diuretics (8.4%)
and beta-blockers (6.8%).

In the month after diagnosis, 14 141 of the 95467
patients were hospitalized for complications of COVID-
19, equivalent to a cumulative incidence of 14.8% (14.6%
to 15.0%). The incidence was higher among men [19.4%
(19.0% to 19.8%)] than among women (p <0.0001)
(Figure 2A) and peaked at age 75-84years old, with a
striking 40.5% (39.3% to 41.7%) admitted within a
month of diagnosis (p < 0.0001) (Figure 2B).
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We observed 3368 deaths among 95467 patients, a 30-
day fatality of 3.5% (3.4% to 3.6%). Figure 3A shows
that all-cause fatality was higher among men [4.1% (4.0%
to 4.3%)] than among women [3.1% (2.9% to 3.2%)]
(p <0.0001). Fatality increased monotonically with age
and more steeply in the elderly, with all-cause fatality
reaching 5.8% (5.3% to 6.3%) in those aged 65-74 years
after 30 days, 16.3% (15.4% to 17.3%) in those aged 75—
84 years and 27.4% (26.3% to 28.6%) in those aged
>85 years (p < 0.0001) (Figure 3B).

Of the patients who had received an RT-PCR test,
those with a positive result had a much higher cumula-
tive incidence of hospital admissions and all-cause fatal-
ity than those with a negative result [hospital
admissions: 43.1% (42.5% to 43.7%) in RT-PCR+ vs
15.6% (14.8% to 16.3%) in RT-PCR~; all-cause fatal-
ity: 5.7% (5.4% to 6.0%) in RT-PCR+ vs 0.5% (0.3%
to 0.6%) in RT-PCR-].

Outcomes were dramatically different for those residing
in nursing homes. Although their hospital-admissions rate
was only 1.5% points higher than the whole population’s av-
erage, at 16.1% (15.1% to 17.0%), their 30-day all-cause fa-
tality was >6-fold higher, at 24.5% (23.4% t0 25.6%).

Discussion

Summary of key findings

To our knowledge, this is the first study of the characteristics
and key health outcomes of COVID-19 among patients fol-
lowed from first diagnosis in outpatient and primary-care set-
tings. The existence of a universal tax-funded healthcare
system with fully implemented electronic medical records
covering out- and inpatient settings, linked to region-wide
PCR testing and mortality registers, allowed us to fill a gap
in the knowledge of the natural history of COVID-19.

We identified 118 150 people diagnosed with COVID-
19 between 15 March and 24 April 2020 in Catalonia,
Spain. Most of these people were managed in primary-care
and outpatient settings, and only <40% were formally
tested for the SARS-CoV-2 virus. This diagnosis figure was
more than double the official figure of 48916 cases in
Catalonia by 30 April 2020, based on RT-PCR-confirmed
cases (https://covid19.isciii.es/). A much higher proportion
of the population may therefore have been affected, with
different levels of disease severity, and community trans-
mission may have been much wider than previously esti-
mated from official figures.

Findings in context

COVID-19 was spread throughout the studied community,
with almost 60% of cases in women and most cases seen in

young to middle-aged adults aged 35-65years old.
Infections were seen in all socio-economic strata in urban
environments, and almost one in five patients lived in rural
areas. However, more severe forms of COVID-19 disease
were clustered in men and elderly people, who accounted
for most of the hospital admissions and deaths. This result
is in line with those from studies of hospitalized COVID-
19 populations in the US,'> China* and Europe,'® and sug-
gests that age and sex are key risk factors for poor out-
comes among those infected with COVID-19.

Chronic non-communicable diseases were common
among patients with COVID-19. Probably related to this,
>1 in 10 of the affected patients used medicines such as
analgesics, proton-pump inhibitors/anti-acids, statins and
anti-hypertensives such as ACEi/ARBs. Similar figures
have been published elsewhere. Early reports from inpa-
tient cases in China reported that 7.4% of COVID-19
patients had diabetes and 15% hypertension.’ More re-
cently, an international study of 6806 patients hospitalized
with COVID-19 in the US and South Korea'* found geo-
graphical variation in the prevalence of chronic co-
morbidities. For example, 17.9% of COVID-19 patients in
South Korea and 43.3% of US veterans with COVID-19
had diabetes, whereas 21.8% and 69.7% of these patients
had hypertension. Patients in our data set who were treated
as outpatients appeared somewhat healthier than the US
and South Korean inpatient cases, but had a higher preva-
lence of co-morbidities than those reported from China:
9.75% had diabetes and 24.26% had hypertension. Our
data and those obtained from previous studies suggest that
the profile of patients with COVID-19 varies geographi-
cally, with no consistent differences seen between outpa-
tient and inpatient cases.

Almost 15% of the patients with COVID-19 in our
study were admitted to hospital in the month after their di-
agnosis in primary-care/outpatient settings. A preprint of a
recent study compared hospital admissions for influenza
and COVID-19, finding that COVID-19-admitted patients
were generally younger and healthier than those admitted
for influenza.'* Even though our sample included milder
forms of COVID-19, 30-day fatality was still high at 4%
on average and almost 5% in men. For comparison, esti-
mated fatality rates for seasonal influenza ranged between
0.2% and 0.35% for the previous 13 influenza seasons in
Catalonia." Previous vaccination'® and different age dis-
tributions are obvious contributors to influenza’s 10-fold
lower fatality rate.

Fatality was much higher (about one in four) in older
populations and nursing-home residents than the full study
sample. A study of 101 COVID-19 residents of long-term
care facilities in the US reported a fatality rate of 33.7%."”
The spread and severity of COVID-19 shown in this
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population reflect the recognized vulnerability of nursing-
home residents to respiratory infections and airborne epi-
demics, including previous coronavirus'® and influenza
outbreaks and pneumonia.'**

COVID-19 testing has been limited in primary-care set-
tings, even among symptomatic patients. Less than 40% of
the identified cases in our sample had received an RT-PCR
test, probably representing the more severe cases. A posi-
tive test result was a clear marker of prognosis, with 43%
subsequently hospitalized and >6% dying within the next
30 days, compared with 15% and <1%, respectively,
among clinically diagnosed cases who tested negative for
COVID-19. Despite WHO recommendations, there are
currently huge disparities across countries in the imple-
mentation of testing.”’ Our study demonstrates the value
of testing for planning healthcare-resource allocation, in
addition to informing public-health decision-making. With
the emergence of effective anti-COVID-19 therapies in the
coming months, further testing will probably be needed for

differential diagnosis.>*>**

Strengths and weaknesses of the study

Our study has limitations. Our large, routinely collected
data set may have included misclassified cases, as other
influenza-like illnesses or respiratory conditions could have
been diagnosed as COVID-19 in the context of the current
pandemic. In the subsample of patients with RT-PCR data
available, almost three in four cases were positive, suggest-
ing that the positive predictive value of outpatient diagno-
sis in our context approached 75%. As the other one in
four patients had better health outcomes (fewer hospital-
izations and lower fatality), it is likely that any misclassifi-
cation led to underestimated risks of complications,
admissions and fatality related to COVID-19 infection in
our study.

Although we included milder forms of COVID-19 than
previous characterization studies by including primary-
care diagnoses, our sample will have missed most asymp-
tomatic cases, as testing was not widespread in those with-
out symptoms. The sample also likely missed many of
those with mild symptoms, as, following official advice to
stay home and self-isolate to avoid contact and spread in
healthcare facilities, they may not have ever come into con-
tact with their primary-care practice or a hospital to re-
ceive an official diagnosis.

Our study’s strengths lie in our comprehensive data set.
The use of routinely collected data allowed a large sample
size. SIDIAP is a well-validated data source” that has been
used in many previous studies.”* By using primary-care
records linked to comprehensive region-wide hospital,
mortality and testing registers obtained from a universal

tax-funded healthcare system, we were able to completely
characterize the natural history of COVID-19 infection
from symptom onset, while avoiding the recall bias and
loss to follow-up typical of cohort studies.

Including COVID-19 cases treated exclusively in outpa-
tient settings allowed the study of subpopulations that are
less likely to be admitted to hospital and are known to be
more susceptible to infection. For instance, we identified
almost 11000 nursing-home residents and >9000 people
with a history of cancer who were diagnosed with COVID-
19, and almost 600 women diagnosed with COVID-19
during pregnancy. Our study data set thus included the
largest numbers of COVID-19 cases among these popula-
tions yet recorded. For comparison, previous studies of
COVID-19 patients with prevalent cancer have included
<30 participants.””**® This data set will be an invaluable
resource for studying the effects of SARS-CoV-2 in these
populations. Finally, linkage to test data and to compre-
hensive region-wide hospital and mortality registers
allowed us to track COVID-19 infections through a uni-
versal healthcare system, whilst avoiding recall bias and
loss to follow-up typical of cohort studies.

Conclusion

This is the first study to date on the characteristics, hospital
admissions and fatality associated with COVID-19 disease
diagnosed in outpatient settings. COVID-19 is often diag-
nosed and initially managed in outpatient clinics, with lim-
ited testing leading to underreported cases in official
figures and overestimated fatality. Notwithstanding this,
COVID-19 in our wide sample led to hospitalization in
15% of diagnosed patients and a 30-day fatality of 4%.
Our data suggest that, although COVID-19 infection has
spread throughout the Catalonia, Spain community, most
often in young and middle-aged women, severe forms of
the disease and all-cause fatality cluster in older men and
among nursing-home residents. This information is of key
relevance for healthcare professionals, public-health au-
thorities and commissioners, now and in future COVID-19
outbreaks.
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Supplementary data are available at IJE online.
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