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ABSTRACT
Objective In Italy, the first diagnosis of COVID-19 was 
confirmed on 20 February 2020 in the Lombardy region. 
Given the rapid spread of the infection in the population, 
it was suggested that in Europe, and specifically in Italy, 
the virus had already been present in the last months of 
2019. In this paper, we aim to evaluate the hypothesis on 
the early presence of the virus in Italy by analysing data 
on trends of access to emergency departments (EDs) 
of subjects with a diagnosis of pneumonia during the 
2015–2020 period.
Design Time series cohort study.
Setting We collected data on visits due to pneumonia 
between 1 October 2015 and 31 May 2020 in all EDs 
of the Agency for Health Protection of Milan (ATS of 
Milan). Trend in the winter of 2019–2020 was compared 
with those in the previous 4 years in order to identify 
unexpected signals potentially associated with the 
occurrence of the pandemic. Aggregated data were 
analysed using a Poisson regression model adjusted for 
seasonality and influenza outbreaks.
Primary outcome measures  Daily pneumonia- related 
visits in EDs.
Results  In the studied period, we observed 105 651 
pneumonia- related ED visits. Compared with the expected, 
a lower occurrence was observed in January 2020, while 
an excess of pneumonia visits started in the province of 
Lodi on 21 February 2020, and almost 10 days later was 
observed in the remaining territory of the ATS of Milan. 
Overall, the peak in excess was found on 17 March 2020 
(369 excess visits compared with previous years, 95% CI 
353 to 383) and ended in May 2020, the administrative 
end of the Italian lockdown.
Conclusions  An early warning system based on routinely 
collected administrative data could be a feasible and low- 
cost strategy to monitor the actual situation of the virus 
spread both at local and national levels.

INTRODUCTION
China confirmed the first cases of COVID-19 
in late December 2019. In Italy, the first diag-
nosis was confirmed on 20 February 2020 in 
Lombardy. Four days later, the rapid spread 
of the infection led to defining a ‘red zone’ 
(highest risk zone), the area most affected 
by the pandemic, with related rules limiting 
displacements and activities that involve 
gathering of people and travelling, as well 

as introducing incentives to smart working 
wherever possible in Lombardy. The national 
lockdown was implemented on 8 March, with 
closure of all non- essential recreational and 
commercial activities, schools and univer-
sities and prohibition of travel across the 
country. On 21 March, all non- essential activ-
ities were closed nationally. A gradual easing 
of the restrictive measures began on 4 May, 
even if until 4 June rules on social distancing, 
obligation to use masks, travel limitations on 
the national territory, and closure of schools 
and other services for childhood remained in 
place.

To date, COVID-19 surveillance systems 
have relied only on testing and contact 
tracing, but these methods imply that the 
specific virus infection is already diagnosed in 
the population. In order to promptly imple-
ment preventive policies, we need methods 
that can detect the presence of the virus as 
early as possible. Recently, researchers have 
proposed several approaches to early recogni-
tion of a COVID-19 outbreak. These include 
wastewater- based epidemiology studies1–7 and 
studies on digital data from Google, Twitter 
or social media apps in order to recognise 

Strengths and limitations of this study

 ► This is a large retrospective study conducted in the 
territory of the Agency for the Health Protection of 
Milan, which covers a total population of 3.48 million 
inhabitants.

 ► Evaluation of the early presence of COVID-19 was 
performed using long- term time series and Poisson 
regression models adjusted for seasonality and in-
fluenza epidemics.

 ► Available data do not allow differentiation of di-
agnoses of viral pneumonia versus other types of 
pneumonia, in particular due to potential misclassifi-
cation of the International Classification of Diseases, 
Ninth Revision codes.

 ► We cannot exclude the possible presence of unmea-
sured variables that may affect the number of emer-
gency department visits.
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early traces of the virus in the population.8 9 In March 
2020, in order to justify the rapid spread of COVID-19 in 
Lombardy, it was suggested that in Europe, and specif-
ically in Italy, the virus had already been present in the 
last months of 2019. The Italian Institute of Health (ISS) 
tested samples of wastewater from Milan and Turin and 
showed that genetic virus traces were already present in 
December.3 10 In Spain, scientists found virus traces in 
wastewater collected in mid- January11 and late February,5 
when evidence of a Spanish outbreak was only starting to 
circulate.

The major concern in timely detecting patients with 
COVID-19 is the similarity between influenza- like illness 
(ILI) and symptoms of COVID-19.12 Common symp-
toms are fever, fatigue, cough, dyspnoea, sore throat and 
myalgia. On the other hand, ILI usually causes mild to 
severe illness, while COVID-19 may cause more serious 
conditions especially in the fragile population.12 13 One of 
the most common complications is pneumonia, which in 
the case of influenza may appear as a primary complica-
tion or as secondary bacterial pneumonia.14

In this study we tested the hypothesis on the early pres-
ence of the virus in Italy, before the first diagnosed case, 
by using long- term time series extracted from the admin-
istrative health data of the Agency for Health Protection 
of Milan (ATS of Milan). The time series of visits to emer-
gency departments (EDs) due to pneumonia in the winter 
of 2019–2020 were compared with those in the previous 
4 years in order to assess unexpected signals potentially 
related to the occurrence of the pandemic. Most impor-
tantly, our aim is also to evaluate the role of this approach 
as a surveillance system capable of promptly detecting the 
initial signals of the epidemic outbreak so that important 
preventive public health measures can be defined early in 
the pandemic.

METHODS
This is a retrospective study conducted in the territory of 
the ATS of Milan, which covers 193 municipalities in the 
Northern Italian region of Lombardy, with a total popula-
tion of 3.48 million inhabitants. The study area includes 
the municipality of Codogno, where the first Italian 
COVID-19 case occurred. We collected visits due to pneu-
monia between 1 October 2015 and 31 May 2020 in all 
EDs of the ATS of Milan (all visits, from residents and 
from non- residents of the ATS of Milan). In order to eval-
uate the overall incidence in the population of the ATS of 
Milan, we also included visits that residents carried out to 
hospitals not located in the territory of the ATS of Milan.

We defined visits due to pneumonia according to the 
International Classification of Diseases, Ninth Revision 
(ICD-9)15 as viral pneumonia (ICD-9 480), bacterial 
pneumonia (ICD-9 481–482), pneumonia due to other 
specified organism (ICD-9 483), pneumonia in infectious 
diseases classified elsewhere (ICD-9 484), bronchopneu-
monia organism unspecified (ICD-9 485), pneumonia 
organism unspecified (ICD-9 486), pneumonia in 

influenza (ICD-9 487.0), unspecified alveolar and pari-
etoalveolar pneumonopathy (ICD-9 516.9), acute respira-
tory failure (ICD-9 518.81), other pulmonary insufficiency 
not elsewhere classified (ICD-9 518.82) and congenital 
pneumonia (ICD-9 770.0). Aggregated daily data were 
collected using current ED databases. To evaluate the 
total burden of the epidemic in the territory, a patient 
visiting an ED on two different days was counted twice. 
No individual- level data were used and patients cannot be 
identified from aggregated data which do not contain low 
counts (ie, days with less than five visits). For this reason, 
and according to the Italian legislation, this study was not 
submitted for ethics approval.16

The number of COVID-19 cases by province of resi-
dence, as defined on 17 August 2020, was collected from 
the ATS of Milan through a web- based platform, specif-
ically developed since the beginning of the outbreak, 
to trace positive and negative cases as well as related 
contacts. Prevalence was calculated as the number of 
cases over the number of residents on 1 January 2020 per 
1000 inhabitants.17

Patient and public involvement
Patients were not involved in this research.

Statistical methods
Aggregated data on daily ED visits were analysed using 
a Poisson regression model adjusted for seasonality and 
influenza epidemics.18 Seasonality was controlled for 
by including Fourier terms, a series of sine- cosine func-
tions able to approximate periodicity.19 20 Fourier terms 
specification does not depend on original data. They are 
particularly useful because they can be easily integrated 
in postsample forecasting equations.19 Weekly data on 
ILI notifications were taken from the National Health 
Service Sentinel System (InfluNet).21 Weekly incidence 
rates of ILI were expressed as the number of cases per 
1000 inhabitants per week. The model was specified as 
the following:

 ln
(
λi

)
= β0 + β1 × sin θi + β2 × cos θi + β3 × ILIi  

where  λi  is the expected value of the Poisson variable 
 Yi  (the number of visits on day i),  sin θi  and  cos θi  are the 
Fourier terms where  θi = 2 × π × i/365 , and  ILIi  is the 
weekly incidence rate of ILI for day i. The ILI rate was 
provided on a weekly basis; thus, in the model above,  ILIi  
is repeated seven times, for each day of the week.

Data sets were divided into training (data from 1 
October 2015 to 30 September 2019) and validation 
(data from 1 October 2019 to 31 May 2020) sets. We 
first estimated the parameters in the training set and 
then predicted the outcome in the validation set. This 
projection represents a counterfactual situation where 
COVID-19 had not happened. The number of excess 
visits was calculated as the difference between observed 
and predicted values between 1 October 2019 and 31 
May 2020. We calculated 95% prediction interval (PI) 
by sampling from the uncertainty distributions of the 
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estimated model parameters.18 22 Results were displayed 
overall and by province of residence: in the city of Milan, 
in the province of Milan, in the province of Lodi (the 
province of the first COVID-19 case) and outside the 
ATS of Milan. In order to evaluate pneumonia excess 
attributed to COVID-19 adjusting for natural fluctuations 
in the number of visits, we performed a sensitivity analysis 
dividing the data set into training (from 1 October 2015 
to 30 September 2018), validation set 1 (from 1 October 
2018 to 30 September 2019) and validation set 2 (from 1 
October 2019 to 31 May 2020). We performed, on these 
three data sets, the same analyses described above and 
compared the pneumonia excess found in validation set 
2 with those found in validation set 1 according to t- test 
statistics and number of statistically significant excesses.

All analyses were performed with R software (V.4.0.2; 
R Core Team, Vienna, Austria) and Fourier terms were 
calculated using the Fourier function in the R package 
forecast23 after specifying the daily count as a time series 
with annual periodicity.

RESULTS
Between 1 October 2015 and 31 May 2020 (amounting to 
1704 days), we observed 105 651 pneumonia- related visits, 
of which 80 086 (76%) were in the training set and 25 565 
(24%) were in the validation set. Influenza epidemics 
were stronger in the epidemic periods of 2015–2019 
compared with 2019–2020, with a maximum ILI rate of 
14.7 and 12.6 new cases per 1000 inhabitants per week, 
respectively. In the overall territory of the ATS of Milan 
we found a COVID-19 prevalence of 14.6 cases per 1000 
inhabitants (table 1), similar to the city of Milan and to 
the province of Milan, but approximately half of that 
found in the province of Lodi, with 26.3 cases per 1000 
inhabitants.

In figure 1 we present the daily observed and 
predicted ED visits due to pneumonia in the overall 
period and in the overall territory of the ATS of Milan 
(time series by province of residence can be found in 
online supplemental figure 1A–D). Daily visits showed 
a typical seasonal pattern over the years, well captured 
by seasonality and influenza epidemics (black line in 
figure 1). The demographic characteristics of patients 
by province of residence and period of comparison are 
described in table 1. Between 1 October 2015 and 31 
May 2020, 38 972 (37%) pneumonia- related visits were 
from residents of the city of Milan, 48 678 (46%) from 
the province of Milan, 7609 (7%) from the province 
of Lodi and 10 392 (10%) from residents outside the 
territory of the ATS of Milan. Majority of visits were 
attributed to residents of Milan and the province of 
Milan, with daily time series (online supplemental 
figure 1A,B) resembling that of the overall terri-
tory of ATS (figure 1). Overall, excess pneumonia 

Table 1 Demographic characteristics of patients who visited the emergency departments of the ATS of Milan for pneumonia, 
by province of residence, between 1 October 2015 and 31 May 2020

Overall 
territory

City of
Milan

Province of
Milan

Province of
Lodi

Outside the ATS 
of Milan

N=105 651 n=38 972 (37%) n=48 678 (46%) n=7609 (7%) n=10 392 (10%)

Missing demographic information 16 6 5 – 5

Sex: male (%) 56 911 (54) 20 170 (52) 26 645 (55) 4178 (55) 5918 (57)

Age, mean (SD) 63 (28) 64 (29) 63 (27) 65 (25) 58 (27)

Age class (years) (%)

  <17 13 082 (12) 5234 (13) 6030 (12) 618 (8) 1200 (12)

  17–40 6762 (6) 2225 (6) 2816 (6) 529 (7) 1192 (11)

  40–70 27 590 (26) 8913 (23) 12 831 (26) 2301 (30) 3545 (34)

  ≥70 58 201 (56) 22 594 (58) 26 996 (56) 4161 (55) 4450 (43)

COVID-19 prevalence per 1000 
inhabitants

14.6 13.2 13.1 26.3 –

ATS of Milan, Agency for Health Protection of Milan.

Figure 1 Daily observed and predicted emergency 
department (ED) visits due to pneumonia between 1 October 
2015 and 31 May 2020. Predictions were obtained by a 
Poisson regression model adjusted for seasonality and 
influenza epidemics. Time series in the overall territory of the 
Agency for Health Protection of Milan (ATS of Milan).
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visits (figure 2) were statistically not different from 
the preceding years up to 15 December, and then 
significantly higher in the last 2 weeks of 2019. The 
number of ED visits due to pneumonia, excesses and 
PIs between 1 December 2019 and 31 May 2020 can 
be found in online supplemental data (‘Results on 
validation set’ columns). In January and in the begin-
ning of February, pneumonia excesses were not statis-
tically significant. The trend increased rapidly since 
26 February, reaching a peak on 17 March 2020, with 
369 additional ED visits compared with the expected 
(95% PI 353–383). The estimated excesses ended in 
May 2020 (the administrative end of the Italian lock-
down). Early circulation of the virus was found in the 
province of Lodi, where the excesses started on 21 
February 2020, while in the remaining territory of the 
ATS of Milan excesses started more than 10 days later, 
in March. Similar trends to those found for the overall 
territory of the ATS were found in the time series of 
Milan and the province of Milan (online supplemental 
figure 2A–D), with statistically significant pneumonia 
excesses in the last 2 weeks of December 2019.

The number of ED visits due to pneumonia, excesses and 
PIs in validation set 1 (on the subset from 1 December 2018 
to 31 March 2019) and validation set 2 (on the subset from 
1 December 2019 to 30 March 2020) can be found in online 
supplemental data (‘Sensitivity Analysis Results’ column). 
In late December 2018 we found similar excesses to those 
found in the same period of 2019 (figure 3). Comparing the 
months of December and January, we found no statistically 
significant differences between the two validation sets (t- test 
for mean difference, p=0.77). However, in December 2019 
and January 2020 there were 18 days with statistically signifi-
cant pneumonia excesses (of which 5 consecutive days from 
19 to 23 December 2019) compared with 11 days with statisti-
cally significant pneumonia excesses in December 2018 and 
January 2019.

DISCUSSION
In this work, we evaluated whether the administrative 
health data of the ATS of Milan supported the hypoth-
esis on the early presence of the virus in Italy, before the 

first COVID-19 case in Italy was actually diagnosed in the 
Lombardy region. Because some symptoms of COVID-19 
and influenza are similar,12 it has been suggested that 
influenza could mask early COVID-19 cases during the 
2019–2020 season.24

Here we estimated the expected number of ED visits 
due to pneumonia by Poisson regression, including as 
predictors seasonality and influenza epidemics. Results 
showed a lack of excess in January 2020. The starting 
date of the excesses corresponded to what was already 
known on the territory: early circulation of the virus 
was found in the province of Lodi where the excess 
started on 21 February 2020, while the excess in the 
remaining territory of the ATS of Milan appeared with 
a delay of more than 10 days compared with the prov-
ince of Lodi. Overall, the peak of excess was found on 
17 March 2020. Accounting for a median incubation 
period of 5.1 days,25 the hypothetical starting date of 
the epidemic in the territory of the ATS of Milan was 
on 16 February for the province of Lodi and on 25 
February for the province of Milan.

Furthermore, we found excesses in late December 
2019 that could be caused by other stressors than 
seasonality and influenza epidemics. However, sensi-
tivity analysis showed similar excesses in December 
2018, thus ascribing those found in December 2019 as 
not COVID-19- related. Further work needs to be done 
in order to explain the double peak found in December 
2018 and 2019, while previous years were character-
ised by one higher peak only. On the other hand, in 
December 2019 and January 2020 we found a greater 
number of days with statistically significant excesses 
compared with the same period of the preceding 
year. This seems in line with the findings of December 
traces of COVID-19 in sewer water samples in Milan, 
as reported by the ISS.10 However, further evidence 
has to be provided to strengthen the conclusion of an 
early circulation of the virus in December 2019, for 
example by testing those patients for the presence of 
SARS- CoV-2. In fact, pneumonia excesses were mostly 
found among residents of the province of Milan rather 

Figure 2 Daily excess visits and 95% prediction interval (PI) 
between 1 October 2019 and 31 May 2020 in the territory of 
the Agency for Health Protection of Milan (ATS of Milan). ED, 
emergency department.

Figure 3 Daily excess visits and 95% prediction interval (PI) 
between 1 October 2018 and 31 May 2020 in the territory 
of the Agency for Health Protection of Milan (ATS of Milan): 
sensitivity analysis. ED, emergency department.
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than among residents of the province of Lodi, where 
the outbreak started in February 2020.

The city of Milan, considering the bulk of trade and 
human movements with China, the population density 
and the characteristics of urban transportation, would 
have been an ideal contender to be the first Italian area 
to be interested by the spread of the virus.

Instead, surprisingly, the city of Milan had a lower prev-
alence of PCR- positive cases from nasal swab and also a 
much lower general mortality than many adjacent areas.26

This could be explained by an early immunisation of 
residents in the province of Milan, which was indeed 
reached by the outbreak later than the province of 
Lodi. To date, the proportion of asymptomatic carriers 
is estimated around 15%,27 28 but it may likely be under-
estimated and close to one- third of the total infected 
population.29 On the other hand, after the first pandemic 
wave, studies in Europe found a low seroprevalence30 
(5% in Spain, 2.5% in Italy and 7.5% in Lombardy). It 
is hard to think that an early circulation in December, 
apparently related to a small excess of pneumonias, could 
produce immunisation of a significant proportion of the 
population.

A major limitation of this study is the possibility 
that unmeasured variables, other than seasonality 
and influenza epidemics, can affect the outcome, for 
example differences in the population structure that 
may modify the baseline time series. Another possible 
limitation is that this system is not able to differentiate 
the diagnosis of viral pneumonia from other diagnoses 
of pneumonia, in particular due to a potential misclas-
sification of the ICD-9 codes. However, this information 
system based on routinely collected ED data can be a 
potential low- cost surveillance system for an early alert 
on the spread of the epidemic in the population, not 
only for COVID-19 but also for other respiratory patho-
gens. This would be critical for the early implementa-
tion of measures of prevention and containment, such 
as social distancing, by public health authorities and 
hospitals.
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