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Abstract

Background: Pneumonia is one of the complications of COVID-19. Primary care electronic health records (EHR)
have shown the utility as a surveillance system. We therefore analyse the trends of pneumonia during two waves of
COVID-19 pandemic in order to use it as a clinical surveillance system and an early indicator of severity.

Methods: Time series analysis of pneumonia cases, from January 2014 to December 2020. We collected pneumonia
diagnoses from primary care EHR, a software system covering > 6 million people in Catalonia (Spain). We compared the
trend of pneumonia in the season 2019–2020 with that in the previous years. We estimated the expected pneumonia
cases with data from 2014 to 2018 using a time series regression adjusted by seasonality and influenza epidemics.

Results: Between 4 March and 5 May 2020, 11,704 excess pneumonia cases (95% CI: 9909 to 13,498) were identified.
Previously, we identified an excess from January to March 2020 in the population older than 15 years of 20%. We
observed another excess pneumonia period from 22 october to 15 november of 1377 excess cases (95% CI: 665 to 2089).
In contrast, we observed two great periods with reductions of pneumonia cases in children, accounting for 131 days and
3534 less pneumonia cases (95% CI, 1005 to 6064) from March to July; and 54 days and 1960 less pneumonia cases (95%
CI 917 to 3002) from October to December.

Conclusions: Diagnoses of pneumonia from the EHR could be used as an early and low cost surveillance system to
monitor the spread of COVID-19.
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Background
The coronavirus disease 2019 (COVID-19) caused by
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) started as an outbreak in Wuhan (China)
and rapidly evolved into a worldwide pandemic and a
public health emergency of international concern [1]. As
of 11 December 2020, more than 69 million people have
contracted the virus worldwide, with more than 1.5 mil-
lion confirmed deaths [2]. Asymptomatics seem to ac-
count for approximately 20% of infected [3]. Most cases
present mild influenza-like illness (ILI) symptoms in-
cluding fever, cough, sore throat, dyspnea, fatigue and
myalgia [4]. Other symptoms such as diarrhea or dys-
geusia and/or anosmia may be present one or 2 days be-
fore the fever and dyspnea [5]. Around 10–20% of
symptomatic patients present severe forms of disease
that require hospital admission, mainly due to pneumo-
nia with severe inflammation [4–7]. Lung damage can
progress rapidly and an early detection is essential for
better management and also for surveillance of medium
and long-term sequelae [8].
The first case in Europe was reported on 20 January

2020 in France and the first case in Catalonia (Spain)
was on 25 February 2020. However, some studies have
suggested a previous circulation of the virus [9, 10]. Due
to the rapid spread of the disease, on March 14 Spain
established a national lockdown, as many other countries
[11]. During the first surge, as Spain lacked the capacity
to test all cases, reverse transcriptase–polymerase chain
reaction (RT-PCR) test confirmation was only required
when patients were admitted to hospital or were health-
care staff. In a previous study, only 38.5% of clinical
COVID-19 cases diagnosed in primary care between
March 1 and April 242,020 received a RT-PCR test [6].
On May 11, primary care acquired the capacity to per-
form RT-PCR test and the number of tests increased as
stated in the official figures of the Catalan Health De-
partment website (https://dadescovid.cat/).
Knowledge of the infection status and continuous

measurement of the transmission is one of the five neces-
sary components described for containing COVID-19
[12]. This measurement should also include surveillance
based on clinical diagnoses. Primary care clinical diagno-
ses have been used as a surveillance system for influenza
epidemics during many years [13]. In February and March
2020, we found an excess of influenza diagnoses using this
clinical surveillance system that suggested an early spread
of COVID-19 in Catalonia prior to the first reported case
[10]. This finding showed the utility of flu clinical diagno-
ses as a potential low-cost surveillance system capable of
early monitoring the spread of the epidemic. However, as
flu cases are limited to winter, we need comprehensive
and complementary information to understand the actual
trend of the COVID-19 epidemic, including severity.

In addition to the current system, the aim of our study
is to analyse pneumonia diagnoses and compare the
trend in the 2019–2020 season with those of the previ-
ous years in order to add another surveillance measure-
ment of the evolution of the epidemic that could add a
severity component.

Methods
We performed a time-series study of clinical diagnoses
of pneumonia. The study period included 6 years from 1
September 2014 to 4 December 2020 considered as
seasons from autumn to summer as routinely done for
influenza epidemics.
Our main outcome was clinical diagnoses of pneumo-

nia. Daily counts of diagnoses of pneumonia were retro-
spectively extracted from the primary care electronic
health records (EHR) of the Catalan Institute of Health
(ICS for its Catalan initials). ICS is the main health pro-
vider in Catalonia. It manages about 75% of all primary
care practices in the Catalan public health system and
covers about 6 million people [14]. All general practices
use the same EHR known as ECAP. The ECAP is a soft-
ware system that serves as a repository for structured
data on diagnoses (coded according to the International
Classification of Diseases 10th revision ICD-10), clinical
variables, prescription data, laboratory test results, visits
and diagnostic requests.
We defined pneumonia diagnoses according to the

ICD-10 classification and included all codes presented in
Supplementary Table 1. COVID-19 confirmed cases were
obtained from the official website of the Catalan Health
department Dadescovid.cat (https://dadescovid.cat/).

Statistical analysis
Daily counts of pneumonia cases were computed based
on the frequency of cases recorded in the previous 7-day
period to avoid weekly effects on recording practice.
We obtained the expected cases for the study period

using a time series regression adjusted by seasonality
and influenza epidemics. Flu cases were also computed
as daily counts in a 7-day period as done for pneumonia
and COVID-19 cases and were extracted from the same
EHR.
Dataset was divided into three sets: training set (from

September 2014 to August 2018), validation set (from
September 2018 to August 2019) and analysis set (from
September 2019 to December 2020). We used the train-
ing set to adjust the model and validation set to test our
method as a sensitivity analysis. We checked whether
our method identified any excess or lack of pneumonia
cases in a regular year not affected by the COVID-19
pandemic. Finally, we projected the estimated time series
to our analysis set.
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The expected cases were estimated using data from
the training seasons adjusted for the influenza epi-
demics. Excess pneumonia cases were defined as the
number of observed minus the expected cases in all pe-
riods where observed cases were greater than the upper
95% confidence interval (95% CI). Similarly, the lack or
reduction of pneumonia cases was defined as the differ-
ence between the expected minus the observed for all
periods in which the observed number was below the
lower 95% CI. Excess and lack of pneumonia were only
calculated for the analysis set (2019–2020 season).
Time-series analysis was performed globally and for

age groups (< 15 years old, 15–64 years old, > 64 years
old). We calculated 95% CIs for each estimate.
All analyses were performed in R v.3.5.1 [15]. The de-

tails of the time series model are resumed in Supple-
mentary material 2.

Results
Between 1 September 2014 and 4 December 2020 we
observed 260,910 pneumonia cases of whom 28.7% were
diagnosed in the population younger than 15 years,
37.1% in the population between 15 and 64 years and
34.2% in the population older than 64 years. The mean
number of pneumonia diagnoses was 40,224 for seasons
between 2014 and 2015 and 2018–2019. The 2019–2020
season included 50,039 cases, an increase of 24.4%. The
percentage of pneumonia affecting the population be-
tween 15 and 64 years have increased during 2020 com-
pared to previous years, even during the first months of
the year (38.4% from January to March 2019 compared
to 45% in 2020). This is a result of an increased number
of pneumonia cases in the population older than 15
years since early 2020 (Supplementary material 3).
In five out of six seasons included in our study, the

peak of pneumonia cases coincided with the peak of the
influenza epidemics, except for the season 2019–2020
(Fig. 1).
Figure 2 shows the observed and estimated number of

7-day new pneumonia cases (with 95% CI) by age
groups, for the validation and the analysis sets. In the
whole population, we didn’t observe large periods of ex-
cess or lack of pneumonia during the validation set
(2018–2019). Nonetheless, between 4 March and 5 May
2020, we observed a great period of excess pneumonia
cases, accounting for 63 days and 11,704 excess cases
(95% CI: 9909 to 13,498). There were other periods of
excess pneumonia before, during December 2019, late
January 2020 and early February 2020, although they ac-
count for less days and less cases. In addition, 25 days of
excess were observed from 22 October 2020 to 15 No-
vember 2020, accounting for 1377 excess cases (95%CI
665–2089) (Table 1).

Table 1 also presents the different periods with excess
pneumonia cases stratified by age group. Population be-
tween 15 and 64 years and the population older than 64
had similar periods of excess cases, accounting for 72
and 73 days and 8274 and 5010 cases during the March–
May excess, respectively. And accounting for 37 days
and 1562 cases and 42 days and 1147 cases respectively
during the October–November excess period. Con-
versely in children we didn’t observe any excess during
the whole period of the study (Fig. 2 and Table 1).
In contrast, regarding the lack of pneumonia, we ob-

served a reduction of pneumonia cases among people
younger than 15 years between 18 March and 26 July,
accounting for 131 consecutive days with less observed
pneumonia than expected, 3534 less observed cases dur-
ing that period (95% CI: 1005 to 6064) and a reduction
of 84.43% (95% CI 60.67 to 90.3%) compared with the
expected. In addition, another period of lack of pneumo-
nia was observed in children from 12 October to 4 De-
cember, with 54 days of reductions and a 1960 less cases
(95% CI 917 to 3002). We didn’t observe any period of
reduction of pneumonia for other age groups in the ana-
lysis set (Table 2).
Finally, Fig. 3 shows the trend of pneumonia and

COVID-19 cases from March 2020. We observed two
waves of COVID-19 cases coinciding with two pneumo-
nia peaks in the population older than 15 years.
.

Discussion
In our work, we found an excess of 11,704 pneumonia
diagnoses between 4 March 2020 and 5 May 2020. This
excess seems to be related to the COVID-19 pandemic,
as temporally overlapped with the first wave in Spain.
Prior to this large excess, we found a small excess period
in mid-December that doesn’t seem related to COVID-
19 as it only lasted for 7 days and then observed cases
went down to the expected for at least 1 month. But
after that, it is remarkable that between 28 January and
19 February 2020 (1 month before the first confirmed
COVID-19 case was reported in Catalonia), we found 22
out of 23 days of excess of pneumonia separated into
two periods that should be accounted as the same. Al-
though this period matches with the peak of influenza
epidemic, it could also be related to the transmission of
other pathogens since our method is already adjusted by
influenza epidemic. In addition, we found that this ex-
cess in early 2020 was caused by an excess of cases in
the population older than 15 years (64% more pneumo-
nia cases in the population between 15 and 64 years and
a 53.4% increase in those older than 64 when compared
to year 2019), while in children pneumonia cases de-
creased by 10%. The excess found in early 2020 and the
huge excess found only a few days after the first official
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case of COVID-19 in Catalonia also suggest that SARS-
CoV-2 could have been circulating in the Catalan popu-
lation when the first imported case was reported on 25
february 2020 [10]. People with COVID-19-related
pneumonia may have been masked under other diagno-
ses, allowing transmission before the first control mea-
sures were implemented. This hypothesis was launched
in a previous study where we found an excess of influ-
enza cases from the beginning of February in Catalonia
[10] and was also suggested in other studies in different
countries [9]. In addition, a CDC report estimated that
the start of SARS-CoV-2 communitary transmission was
around mid-January to February [16]. Finally, scientists

found virus traces in wastewater collected in January in
Barcelona [17] and in December in Italy [18]. Our re-
sults, then, are in line with those published until now
and strengthen this hypothesis.
After May, we didn’t find any other excess until mid-

October, coinciding with the second wave of the COVID-
19 pandemic in Catalonia. However, this excess was lesser
than the one found in the March–May period, suggesting
a lower severity of the situation. Official data from Spanish
government about excess mortality shows an excess of
120% in Catalonia from 13th March to 8th May and an
excess of 25.8% from 6th October to 28th November [19]
. So, similar to our findings in pneumonia, severity of the

Fig. 1 Number of new pneumonia cases observed in a 7-day period by season
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second wave was lesser than the first one and pneumonia
advanced some days as an alert of increased severity, with-
out delays as occurred in mortality notifications.

Nonetheless, the number of COVID-19 cases was greater
because testing increased since May in Catalonia. Using
pneumonia as a surveillance indicator could help to

Fig. 2 Observed and expected (with 95% CI) new pneumonia cases in a 7-day period from September 2018 to December 2020 in Catalonia
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understand the severity of the wave regardless of the cap-
acity to test.
Trends of pneumonia in children followed a different

pattern. We found a greater lack of pneumonia cases
during the lockdown in patients younger than 15 years
old. This is an expected finding, as schools closed on
March 13 and didn’t reopen until September 14. In
addition, mobility measures during the lockdown were
stricter in children, while adults were able to move for
essential work or to shop. This reduction was also found
in other infectious diseases. For example, in Diagnosticat
(https://www.ics.gencat.cat/sisap/diagnosticat/principal),
an official website of the Catalan Health Department
that publishes weekly clinical diagnoses of 7 notifiable
infectious diseases since 2010 [13], we saw a decrease in
the weekly rates of chickenpox from lockdown onset as

it happens with pneumonia. But most importantly, we
didn’t find any excess pneumonia in patients younger
than 15 years during February and early March, before
the lockdown. This seems to suggest that COVID-19 is
less severe in children, as other studies have pointed out
[20]. More surprising are the results found in October–
December. Despite schools reopened in September in
Catalonia (with measures), diagnoses of pneumonia in
children continued below the expected. Several studies
have observed low transmission and severity of COVID-
19 in educational settings, which could explain our find-
ings [20]. In addition, this reduction of pneumonia in
children also suggests that other common pathogens
that cause pneumonia in children could have low trans-
mission possibly due to anti-covid measures [21]. This is
consistent with the data of the southern hemisphere. In

Table 1 Periods and number of excess pneumonia cases in Catalonia, percentage of excess pneumonia compared to the expected
and the number of days with excess within the period from 1 September 2019 to 4 December 2020

Age groupa Periodb of excess
pneumonia cases

Estimated number of excess
pneumonia cases (95% CI)

Percentage compared to
expected cases (95% CI)

Number of days with excess
cases within the period

Between 15 and 64 16/01/2020–19/01/2020 53 (7–100) 22.69 (2.41–52.97) 4

27/01/2020–25/02/2020 587 (238–935) 34.29 (11.56–68.65) 30

02/03/2020–12/05/2020 8274 (74,371 - 9110) 279.9 (196.1–430) 72

13/08/2020–16/08/2020 54 (8–101) 77.23 (6.83–419.7) 4

19/10/2020–24/11/2020 1562 (1132 - 1991) 130 (69.36–258.1) 37

Older than 64 05/12/2019–16/12/2019 165 (61–269) 38.61 (11.53–83.05) 12

29/12/2019–11/01/2020 195 (74–317) 29.34 (9.41–58.16) 14

28/01/2020–28/02/2020 425 (149–702) 27.21 (8.08–54.57) 32

02/03/2020–13/05/2020 5010 (4378 - 5641) 169.2 (121.9–242.1) 73

17/08/2020–26/08/2020 115 (29–202) 61.62 (10.59–200.1) 10

18/09/2020–23/09/2020 63 (11–115) 45.13 (5.64–131.8) 6

02/10/2020–08/10/2020 74 (13–134) 38.67 (5.19–103.4) 7

19/10/2020–29/11/2020 1147 (783–1510) 87.45 (46.79–159.3) 42

Total 08/12/2019–14/12/2019 273 (74–473) 30.18 (6.68–66.97) 7

28/01/2020–02/02/2020 198 (28–369) 19.94 (2.36–44.81) 6

04/02/2020–19/02/2020 555 (99–1011) 20.9 (3.18–45.97) 16

04/03/2020–05/05/2020 11,704 (9909 - 13,498) 150.2 (103.4–225.1) 63

22/10/2020–15/11/2020 1377 (665–2089) 57.01 (21.27–122.6) 25
a Population younger than 15 years didn’t show any excess pneumonia cases during the study period
b Periods were only considered if excess cases extends more than 3 days

Table 2 Periods and number of reductions of pneumonia cases in Catalonia, the percentage of reductions compared to the
expected and the number of days with reduction within the period from 1 September 2018 to 4 December 2020

Age group a Period b of reduction of
pneumonia cases

Estimated number of reduction
of pneumonia cases (95% CI)

Percentage compared to
expected cases (95% CI)

Number of days with reduction of
pneumonia cases within the period

Younger than 15 18/03/2020–26/07/2020 3534 (1005 - 6064) 84.43 (60.67–90.30) 131

06/10/2020–10/10/2020 104 (7–200) 77.04 (18.45–86.64) 5

12/10/2020–4/12/2020 1960 (917–3002) 89.15 (79.37–92.64) 54
a We presented only data from the population younger than 15 years because we didn’t find any reductions in other age groups
b Periods were only considered if reduction of cases extends more than 3 days
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Australia, researchers observed reductions of 99% of re-
spiratory syncytial virus infections during its winter that
they considered related to COVID-19 control measures

[22]. In Catalonia, measures in schools were the use of
masks for children older than 6 years, bubble groups,
not mixing children from different groups and daily

Fig. 3 Number of new pneumonia and COVID-19 cases in the previous 7-day, from 1st March 2020
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symptoms screening. More studies are needed to con-
firm if some of these measures affected the transmission
of other pathogens or there are other factors that caused
a great reduction of all types of pneumonia even with
schools open, such as a viral competition between
SARS-CoV-2 and other viruses [23]. This could be of
interest for the following seasons.
Our research has several limitations. Firstly, the design

of our study does not allow us to ensure a causal link be-
tween COVID-19 epidemic and the excess of pneumonia,
but only a temporal coincidence. Moreover, as we lacked
tests we were not able to differentiate the etiology of each
pneumonia. However, our method offers a low-cost sur-
veillance system that could help to detect unusual trends,
supporting public health responses. Secondly, as our study
uses data from several years, changes in population struc-
ture could limit the use of this method. Nonetheless,
population structure in terms of age and gender has
remained stable in the study period [24]. Thirdly, using
data from the primary care EHR could introduce some
bias as we lacked information about emergency depart-
ments or hospital admission. Finally, our system could
miss unusual trends caused by mild, asymptomatic infec-
tions or even undocumented infections [25], especially at
the beginning of an epidemic. In that sense, it is also im-
portant to monitorize other related diagnoses such as
diarrhea or mild ILI infections to have a complete picture
of the current pandemic. However, our system could be
used as a complementary surveillance system and to assess
severity of the epidemic before other indicators such as
the excess of mortality.
The strengths of this study include population-based

data automatically obtained from primary care EHR.
Several studies have used the Catalan EHR to do useful
research in real-world conditions and for the surveil-
lance of different diseases [10, 26]. Our database covers
over 75% of the population of Catalonia, allowing us to
detect general and local excesses and lack of pneumonia.
It’s also a quick and low cost method to integrate in the
current information systems of any region using EHR. In
addition, we have tested our method in a non-COVID-
19 affected season (2018–2019) and we didn’t find any
unusual pattern, strengthening our subsequent findings.
Finally, this study presents an analysis of trends of ex-
pected pneumonia during two waves of COVID-19 epi-
demic. The consistency of our results is reaffirmed by
the reproducibility during the second wave and the simi-
larity with excess mortality figures [19], suggesting that
an increase of pneumonia could be an alert of COVID-
19 outbreak and future mortality.

Conclusions
Monitoring clinical diagnoses of pneumonia and its com-
parison with what is expected could help interpreting the

epidemiological situation. This surveillance system based
on routinely collected data from the EHR could be used as
a low cost warning system that complements other sur-
veillance systems, allowing to advance public health re-
sponse independently of the capacity to test. Using this
system we found an excess of cases in early 2020 that sug-
gests that SARS-CoV-2 could be circulating before the
first official case was identified. In addition, more studies
are needed to understand the causes of the reduction of
pneumonias in children during COVID-19 epidemic.
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