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A B S T R A C T   

Background: In the night of February 20, 2020, the first epidemic of the novel coronavirus disease (COVID-19) 
outside Asia was uncovered by the identification of its first patient in Lombardy region, Italy. In the following 
weeks, Lombardy experienced a sudden increase in the number of ascertained infections and strict measures were 
imposed to contain the epidemic spread. 
Methods: We analyzed official records of cases occurred in Lombardy to characterize the epidemiology of SARS- 
CoV-2 during the early phase of the outbreak. A line list of laboratory-confirmed cases was set up and later 
retrospectively consolidated, using standardized interviews to ascertained cases and their close contacts. We 
provide estimates of the serial interval, of the basic reproduction number, and of the temporal variation of the net 
reproduction number of SARS-CoV-2. 
Results: Epidemiological investigations detected over 500 cases (median age: 69, IQR: 57–78) before the first 
COVID-19 diagnosed patient (February 20, 2020), and suggested that SARS-CoV-2 was already circulating in at 
least 222 out of 1506 (14.7%) municipalities with sustained transmission across all the Lombardy provinces. We 
estimated the mean serial interval to be 6.6 days (95% CrI, 0.7–19). Our estimates of the basic reproduction 
number range from 2.6 in Pavia (95% CI, 2.1–3.2) to 3.3 in Milan (95% CI, 2.9–3.8). A decreasing trend in the 
net reproduction number was observed following the detection of the first case. 

* Correspondence to: Directorate General for Health, Lombardy Region, Piazza Città di Lombardia 1, 20124 Milano, Italy. 
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Conclusions: At the time of first case notification, COVID-19 was already widespread in the entire Lombardy 
region. This may explain the large number of critical cases experienced by this region in a very short timeframe. 
The slight decrease of the reproduction number observed in the early days after February 20, 2020 might be due 
to increased population awareness and early interventions implemented before the regional lockdown imposed 
on March 8, 2020.   

1. Introduction 

In the late night of February 20, 2020, the first case of novel coro-
navirus infectious disease (COVID-19) was confirmed in the Lombardy 
Region, Italy, a district with 10 million inhabitants. The patient was a 
38-year-old otherwise healthy man (patient 1), admitted to the Hospital 
of Codogno (province of Lodi), with a mild pneumonia resistant to 
therapy, no relevant travel history and no apparent exposure to diseased 
contacts. In the weeks that followed, the Codogno area, as well as several 
neighboring towns in southern Lombardy, experienced a very rapid in-
crease in the number of detected cases (Riccardo et al., 2020). Given the 
rapid upsurge of positive cases in the area, regional and local health 
authorities in strong collaboration with the National Public Health 
Institute introduced coordinated actions such as intensive testing, con-
tact tracing, isolation of confirmed cases and quarantine of case contacts 
to limit the spread of the infection. Following the increase in the number 
and in the spatial distribution of detected cases, all teaching activities 
were suspended on February 24, 2020 and a quarantined area was 
defined on the same day around 10 municipalities which were identified 
as the possible epicenter of the ongoing outbreak. In the following days, 
public health authorities implemented further restrictions such as the 
cancellation of all sport events in the whole region (February 25), re-
strictions on indoor sport and food services in the province of Bergamo, 
Cremona, and Lodi (March 2), the closure of indoor recreational and 
cultural venues in the whole region (March 4). Eventually, a regional 
lockdown was imposed on March 8, briefly followed by a national one 
on March 11, 2020 (Ministero della Salute, 2020a, 2020b) (see Table S1 
in Supplementary Materials). 

Although the patient zero was never identified, evidence from 
environmental and observational studies suggests that SARS-CoV-2 was 
circulating in Lombardy as early as mid-January 2020 (Alteri et al., 
2021; Giardina et al., 2021; Percivalle et al., 2020). Thanks to consoli-
dation of case records, here we discuss the results of the epidemiology of 
COVID-19 in its early epidemic phase, which suggest a widespread cir-
culation of the virus at the time of first case notification when no control 
measures were in place and SARS-CoV-2 circulation was not even sus-
pected. Moreover, we present the epidemiological analyses arising from 
the retrospective investigation of the first 16,665 laboratory-confirmed 
cases in Lombardy as well as results concerning the transmission dy-
namics of the infection within Lombardy (up to March 9, 2020). 

2. Method 

2.1. Study population 

Following the detection of the first patient, a strict proactive inter-
vention for tracing and testing all patients’ contacts was set up on 
February 21, 2020. Following the WHO recommendations, nasal swabs 
(UTM viral transport ®, Copan Italia S.p.a) from all suspected cases were 
tested by applying a real-time RT PCR assay targeting two different 
genes (E and RdRp) of SARS-CoV-2. (Corman et al., 2020). When a 
positive result was obtained for one of these two genes only, the 

individual was retested to confirm her/his positivity. Positivity was 
confirmed only when a positive result was obtained for both genes. From 
February 21 to February 25, all suspected cases as well as their symp-
tomatic and asymptomatic contacts were tested. From February 26 on-
ward, testing was applied only to symptomatic patients. Epidemiological 
data were complemented by records collected through standardized 
interviews of confirmed cases and their close contacts. Operators of the 
local health protection agencies, called Agenzia di Tutela della Salute 
(ATS), performed the interviews. For each case and contact, operators 
collected data on their demographic characteristics (such as their name, 
gender, date of birth, home address, municipality of residence) and 
clinical symptoms (such the list of symptoms experienced and the date of 
symptom onset). Personal information such as name, home address, 
municipality of residence was used only within contact tracing activ-
ities, but it was removed before conducting the analysis. Interviews 
aimed at determining the history of exposure in the 2 weeks preceding 
the symptom onset of positive subjects (and/or their close contacts 
where necessary), including the time and type of events associated with 
individuals’ potential exposure to SARS-CoV-2 and the relationships 
between the case and its contacts. Individual records were used to build 
a central dataset managed by the Lombardy region and providing for 
each ascertained infection their age, sex, place of residence, respiratory 
tract specimen results, the full list of case contacts along with their 
clinical history including possible dates of symptom onset and hospi-
talization. The definition of a COVID-19 case and of a case contact used 
in the epidemiological field investigation is provided in the Supple-
mentary Materials. In our analysis, we used a version of the database 
consolidated in July 2020. To reduce recall biases, we excluded symp-
tomatic cases whose nasal swab test was carried out more than 30 days 
after the declared date of symptom onset. The statistical analysis was 
performed using the statistical software R version 4.0.1 and the pro-
gramming language C. The C code used for the estimation of Rt and R0 is 
available at https://github.com/majelli/Rt. The code for the estimation 
of the serial interval and data used in the analysis can be found at doi: 
10.6084/m9.figshare.16621888. 

2.2. COVID-19 serial interval 

Data collected through contact tracing, which allowed to investigate 
the transmission chains, were analyzed to estimate the distribution of 
the serial interval (i.e., the time period between the time of onset of 
symptoms in a primary case and the time of onset in her/his secondary 
cases) from confirmed cases with well-established epidemiological links. 
A gamma distribution was fitted to the set of anonymized serial intervals 
using maximum likelihood estimation (see Supplementary Materials). 

2.3. SARS-CoV-2 transmission dynamics 

The basic reproduction number R0 represents the average number of 
secondary cases generated by a primary infector in a fully susceptible 
population. The transmission potential of the disease at a given time t is 
better estimated in terms of a time dependent measure such as the net 
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reproduction number Rt (Liu et al., 2018; WHO Response Team, 2014; 
Zhang et al., 2020). We provide estimates of both R0 and Rt for the initial 
phase of the epidemic, for each province in the Lombardy region, by 
using a Bayesian approach widely adopted in the literature (Liu et al., 
2018; WHO Response Team, 2014; Zhang et al., 2020). Estimates of R0 
and Rt were obtained by analyzing the daily number of symptomatic 
SARS-CoV-2 positive individuals in each province of Lombardy, as 
retrieved from records summarized in Table 1. As an approximation of 
the generation time, we used the estimated distribution of the serial 
interval. We then used MCMC Metropolis-Hastings sampling to estimate 
the posterior distribution of Rt (details reported in the Supplementary 
Materials). To estimate R0, we identified an initial phase of exponential 
growth by visual inspection of the curve of symptomatic cases (see 
Supplementary Materials), we assumed that during this phase Rt=R0 

and estimated R0 by applying the procedure described above. We also 
run a sensitivity analysis by considering different estimates of the serial 
interval and different cut-off values for limiting the recall bias on 
symptom onset dates (see Supplementary Materials). 

3. Results 

We identified 527 cases with symptom onset before the detection of 
the first case, on February 20, 89.2% of which were hospitalized and 
27.5% who died. Of these patients, 337 (63.9%) were males and 39 
(7.4%) were healthcare workers and their median age was 69 years 
(interquantile range: 57–78). Similar population characteristics and 
clinical outcomes were observed for patients with symptoms onset date 
in the following weeks up to March 9, 2020, by which time a total of 
16,138 additional symptomatic cases were identified in the whole re-
gion (Table 1). 

As of February 20, 2020, symptomatic cases were already present in 
all Lombardy provinces, with the provinces of Lodi and Bergamo ac-
counting for 53% of the total and 3 more provinces (Brescia, Cremona, 
Milano) contributing for 35% (Table 1, Figs. 1 and 2). In each of these 5 
provinces, more than 50 cases had already developed symptoms before 
the discovery of the epidemic. As of March 9, 2020, 11 of 12 provinces 
counted at least 250 symptomatic cases (Table 1). 

Using data from 55 clusters (i.e., groups of contacts identified by an 
index case) with an average number of contacts equal to 1.6 (range: 
1–13), we extracted 90 observations of individual serial intervals. From 
these, we estimated the distribution of the serial interval to follow a 
gamma distribution with mean 6.6 days (shape: 1.28, rate=0.27; 2.5- 
and 97.5-percentiles of the distribution: 0.7–19.0) and we found that 
95% of symptomatic secondary cases developed symptoms within 16.1 
days after symptom onset in their infector (see Supplementary Materials 
for further details). 

For each province, we identified an initial phase of exponential 
growth lasting between six and ten days. Using the epidemic curve of 
symptom onset, we estimated a basic reproduction number ranging from 
2.3 in Sondrio (95%CI 1.8–2.9) to 3.3 in Milan and Brescia (95%CI 
2.9–3.8 and 2.9–3.7, respectively) (Table 2). For some of these provinces 
(Monza-Brianza, Sondrio, Como, Lecco, Mantua, Varese), the time 
window of exponential growth includes interventions, therefore the 
value reported in Table 2 is expected to be an underestimate of the 
actual R0. 

We found that the estimated net reproduction number Rt followed a 
common temporal pattern across different provinces, showing a steady 
and rapid increase until the end of February, followed by a decrease 
thereafter (Fig. 3). This decline starts in the days immediately after the 
detection of the first case and is more marked in the provinces of Lodi, 
Bergamo and Cremona for which early interventions were undertaken 
(e.g., the definition of quarantined areas in Lodi, the increase of smart 
working and restrictions on indoor sport and food services in Bergamo 
and Cremona; see Table S1). These results are robust to assuming 
different distributions of the serial interval for the estimation of Rt (see 
Supplementary Materials). 

4. Discussion 

We provided a detailed analysis of the COVID-19 epidemic in the 
month preceding its detection in Italy and in successive weeks until the 
national lockdown. Records of all laboratory-confirmed cases consoli-
dated by public health authorities over the course of the epidemic 
allowed to shed some light on the early transmission dynamics that 

Table 1 
Characteristics of COVID-19 patients in Lombardy Region, Italy (January 30 – 
March 9, 2020).   

Jan 30 – Mar 9, 
2020 (N =
16,665) 

Jan 30 – Feb 19, 
2020 (N = 527) 

Feb 20 – Mar 9, 
2020 (N =
16,138) 

Demographics 
Median age - years 

(range) 
65 (0–100) 69 (0–97) 65 (0–100) 

Male sex - no./total 
no. (%) 

10,369/16,645 
(62.3%) 

337/527 
(63.9%) 

10,032/16,118 
(62.2%) 

Health care workers 
- no./total no. (%) 

1934/16,665 
(11.6%) 

39/527 (7.4%) 1895/16,138 
(11.7%) 

Age group - no./total no. (%) 
< 18 yr 81/16,665 (0.5%) 3/527 (0.6%) 78/16,138 (0.5%) 
18–24 yr 110/16,665 

(0.7%) 
2/527 (0.4%) 108/16,138 

(0.7%) 
25–49 yr 2977/16,665 

(17.9%) 
79/527 (15%) 2898/16,138 

(18%) 
50–64 yr 4805/16,665 

(28.8%) 
132/527 (25%) 4673/16,138 

(29%) 
65–74 yr 3712/16,665 

(22.3%) 
136/527 
(25.8%) 

3573/16,138 
(22.2%) 

75 + yr 4989/16,665 
(29.9%) 

175/527 
(33.2%) 

4805/16,138 
(29.8%) 

Deaths - no./total no. (%) 
< 55 yr 121/4592 (2.6%) 2/107 (1.9%) 119/4485 (2.7%) 
55–64 yr 351/3381 

(10.4%) 
6/109 (5.5%) 345/3272 

(10.5%) 
65–74 yr 1181/3712 

(31.8%) 
42/136 (30.9%) 1139/3576 

(31.9%) 
75 + yr 2786/4980 

(55.9%) 
95/175 (54.3%) 2691/4805 (56%) 

Total 4439/16,665 
(26.6%) 

145/527 
(27.5%) 

4294/16,138 
(26.6%) 

Province of residence – Total (Incidence per 100,000) 
Bergamo (BG) 3928 (354.47) 123 (11.10) 3805 (343.37) 
Brescia (BS) 3482 (277.35) 60 (4.78) 3422 (272.57) 
Milan (MI) 2921 (89.46) 55 (1.68) 2866 (87.77) 
Cremona (CR) 1909 (536.37) 72 (20.23) 1837 (516.14) 
Lodi (LO) 1290 (567.25) 156 (68.60) 1134 (498.65) 
Pavia (PV) 836 (154.71) 33 (6.11) 803 (148.60) 
Monza Brianza 

(MB) 
674 (77.45) 6 (0.69) 668 (76.76) 

Mantua (MN) 394 (96.83) 12 (2.95) 382 (93.88) 
Lecco (LC) 381 (113.74) 1 (0.30) 380 (113.45) 
Como (CO) 296 (49.53) 3 (0.50) 293 (49.03) 
Varese (VA) 268 (30.29) 1 (0.11) 267 (30.17) 
Sondrio (SO) 82 (45.45) 3 (1.66) 79 (43.79) 
Outside Lombardy 204 2 202 

*Denominators deviating from the total indicate missing data. Percentages may 
not sum up to 100 because of rounding. 
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characterized the arrival of the pandemic in Europe. Thanks to the 
retrospective analysis of these records, we highlighted that the brisk 
increase in COVID-19 patients that caused high pressure on the public 
health system few weeks after the first detected case was rooted in the 
high transmissibility of the infection and the widespread silent trans-
mission of the pathogen occurring between January and mid-February 
2020. Undetected SARS-CoV-2 transmission could have raised from 
the small fraction of infected individuals developing recognizable 
symptoms (Poletti et al., 2020b) combined with the role played by 
asymptomatic carriers (He et al., 2021; Johansson et al., 2021; Lavezzo 
et al., 2020) and the lack of awareness of COVID-19 circulation in the 
population and the medical staff. 

By analyzing contact tracing records, we estimated the mean serial 
interval to be 6.6 days, which lies in the same range as values obtained in 
the early days of the pandemic (Li et al., 2020; Zhang et al., 2020), when 
isolation of contacts was rare and often late. 

We estimated the mean R0 to be rather homogenous across provinces 
of Lombardy, in the range 2.6–3.3. Retrospective epidemiological in-
vestigations confirmed that cases were scattered all around the region by 
the time of the first detection in Codogno (February 20). The threat 
posed by the emergence of COVID-19 was inflated by the limited 
knowledge on the new pathogen, while regional and national policy 
makers had to take rapid decisions on how to mitigate the spread of the 
epidemic, minimizing morbidity and mortality, delaying an epidemic 
peak that would have saturated and overwhelmed the entire healthcare 
system in a very short time (Grasselli et al., 2020a, 2020b; Guzzetta 
et al., 2020; Poletti et al., 2020a). Our findings suggest that the set-up of 
a quarantine area around the initial epicenter of the outbreak in the 
province of Lodi played a critical role in controlling the infection locally, 
with the reproduction number falling to approximately 1 before the 
initiation of the national lockdown. However, it was insufficient to 
suppress the transmission altogether because of the widespread circu-
lation of SARS-CoV-2 prior to February 20, 2020. By mid- February, Rt 
was already above the epidemic threshold in at least seven provinces 

(Bergamo, Lodi, Milan, Cremona. Brescia, Pavia, Mantua). The increase 
of public concern about the ongoing epidemic and the progressive 
introduction of restrictive control measures may explain the decrease in 
Rt at the end of February. However, as Rt remained well above one, the 
initial set of interventions and the spontaneous behavioral response to 
the risk of infection were not sufficient to contain the ongoing epidemic. 
In fact, after the implementation of the initial set of intervention, the 
number of cases was still increasing exponentially, although at a lower 
rate. 

This study is affected by limitations deriving from the collection of 
data in rapidly evolving infectious disease outbreaks. The identification 
of cases was made challenging by the lack of knowledge on the novel 
virus and by the availability of testing resources, producing large delays 
between the dates of symptom onset and reporting (see Supplementary 
Materials). These delays may introduce recall biases in the correct 
identification of the symptom onset dates. Our estimates of the net 
reproduction number from symptom onset might have been affected by 
the change in the testing protocol occurred on February 25, as the 
estimation of the net reproduction number is robust to an unknown level 
of underreporting but is affected by time-varying reporting rates 
(O’Driscoll et al., 2020). Furthermore, no data is available to disentangle 
the contribution on SARS-CoV-2 transmission of imported vs. locally 
generated infections. However, the travel bans from and to China, 
introduced on January 30, 2020, the restrictions on individual move-
ments, and the lockdown imposed in early March 2020 could have 
limited the importation of SARS-CoV-2 positive individuals. 

Despite these limitations, our analysis provides robust evidence 
about the widespread circulation of SARS-CoV-2 in Lombardy prior to its 
detection and shows that the stringent measures enforced in the entire 
region in March 2020 were necessary to mitigate the epidemic. 
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Fig. 1. Daily number of reported cases in each province by date of symptom onset. The inset zooms in on the initial part of the epidemic curve.  
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Fig. 2. Maps of Lombardy region, its provinces, and the total population by municipality as of December 2019. Location of Lombardy within Italy is highlighted by a 
red box (upper left panel). Cumulative number of cases/100,000 inhabitants as of February 10, 2020 (upper right panel), February 20, 2020 (lower left panel), and 
March 9, 2020 (lower right panel) in each municipality of Lombardy. 
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Table 2 
Model estimates of the basic reproductive number in each province of Lom-
bardy; February 12 – March 9, 2020.  

Province R0 (95% 
CI) 

Exponential 
growth period 

Symptomatic cases during the 
exponential growth period 

Bergamo (BG) 3 
(2.5–3.5) 

Feb 12 –20, 2020  155 

Cremona (CR) 2.9 
(2.3–3.4) 

Feb 12 –20, 2020  102 

Lodi (LO) 2.7 
(2.4–3) 

Feb 14 –23, 2020  338 

Pavia (PV) 2.6 
(2.1–3.2) 

Feb 15 –23, 2020  75 

Brescia (BS) 3.3 
(2.9–3.7) 

Feb 18 –24, 2020  211 

Milan (MI) 3.3 
(2.9–3.8) 

Feb 19 –25, 2020  212 

Monza 
Brianza 
(MB)1 

2.7 
(2.1–3.4) 

Feb 21 –27, 2020  66 

Varese (VA)1 2.9 
(2.3–3.6) 

Feb 23 – Mar 1, 
2020  

79 

Mantua 
(MN)1 

2.8 
(2.3–3.5) 

Feb 25 – Mar 2, 
2020  

85 

Lecco (LC)1 2.7 
(2.3–3.1) 

Feb 26 – Mar 5, 
2020  

168 

Como (CO)1 2.4 
(2.1–2.8) 

Feb 27 – Mar 8, 
2020  

232 

Sondrio (SO)1 2.3 
(1.8–2.9) 

Mar 1–9, 2020  68  

1 Provinces for which interventions were already in place at the time of 
exponential growth. 

Fig. 3. Estimated net reproduction number Rt (weekly moving average) from the curve of symptom onset across different provinces of Lombardy.  
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Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.epidem.2021.100528. 
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