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Severity  of  SARS-CoV-2  infection  is associated  with  comorbidities.  However,  no  information  is  available
on  the  frequency  of nasopharyngeal  swab  collection  and positivity  depending  on  comorbidities.  Using  a
cross-sectional  design,  we assessed  the  prevalence  of  SARS-CoV-2  tests  and  of  positivity  in the  general
population  of  the  530,000-inhabitant  Italian  province  of  Udine  and  in subgroups  affected  by chronic
conditions  in  the  first  weeks  of SARS-CoV-2  epidemic.

Anonymous  health  databases  were  used  as  source  of  information  to  identify  persons  with  14  chronic
conditions.  From  laboratory  records  we  assessed  the likelihood  of  real-time  reverse-transcriptase  poly-
merase  chain  reaction  for SARS-CoV-2  and  the  frequency  of  positivity  from  February  29  to  April  19,  2020,
i.e.,  7 weeks  from  the first  case  detected  in the  study  area. Sex  and  age-stratified  proportions  were  cal-
culated  in  comorbidity  subgroups.  Multivariate  regression  was used  to adjust  for  confounders.  In the
province,  236,623  persons  had  ≥1  chronic  condition;  869  had  positive  tests.  Persons  with  comorbidities
Italy were  tested  more  than  the  others.  However,  most  chronic  conditions  were  not  significantly  associated
with  the  prevalence  of  positivity,  except  psychiatric  and  neurological  diseases  and  diabetes.  In conclusion,
despite  more  frequent  testing,  patients  with  most  chronic  diseases  where  equally  likely to be  diagnosed
with  SARS-CoV-2  as the general  population.  Chronic  patients  should  adhere  to  general  recommendations
for  preventing  SARS-CoV-2  infection,  but ad  hoc  restrictions  do not seem  necessary.

© 2020  Elsevier  B.V.  All rights  reserved.
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1. INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is a pandemic disease
caused by a novel Coronavirus (SARS-CoV-2). The infection started
in China where a pneumonia of unknown cause was first reported
in Wuhan to the World Health Organization (WHO) Country Office
in China on 31 December 2019 [1] and as of 27 April, according to
official estimates, almost three million people were infected and
200,000 had died worldwide [2].

In Italy, 60 million inhabitants, the first autochthonous case was
detected on 21 February in the Lombardy Region and since then
almost 200,000 persons were reported to be infected and more

than 25,000 had died in the entire 60-million inhabitant county
[3]. Nurchis et al [4] estimated that on 28 April 2020 the bur-
den of disease due to COVID-19 in Italy was 121,449 Disability
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djusted Life years (DALYs), i.e., 2.01 DALYs per 1000 inhabitants,
ith a rate increasing with age. However, the infection did not

pread uniformly across the Italian area [3]. In the 530,000 North-
astern province of Udine, the first cases were reported on 29
ebruary. Since then, the Hospital of Udine has implemented real-
ime reverse-transcriptase polymerase chain reaction (RT-PCR)
nalyses on upper and lower respiratory specimen for the detection
f SARS-CoV-2 infection. RT-PCR on specimen collected through
asopharyngeal or oropharyngeal swabs or through bronchoalve-
lar lavage is recommended by the WHO  for COVID-19 clinical
anagement and outbreak control purposes [5].
From the end of February, Italy was progressively put into a

trict lockdown with the closure of all schools and most commercial
ctivities and the restrictions of inter-regional mobility. A so-called
phase 2” of the COVID-19 emergency with partial reopenings was
nforced from 18 May  to June 3. In the province of Udine, of all the

16 COVID-19 cases diagnosed in those months, more than 90%
ere detected before mid-April. Only less than 2% were diagnosed
uring phase 2. In those months, 34 persons living in the province
ied in hospital from COVID-19.

https://doi.org/10.1016/j.healthpol.2020.12.009
http://www.sciencedirect.com/science/journal/01688510
http://www.elsevier.com/locate/healthpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.healthpol.2020.12.009&domain=pdf
mailto:francesca.valent@asufc.sanita.fvg.it
https://doi.org/10.1016/j.healthpol.2020.12.009
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Various studies have described the frequency of comorbidi-
ties among patients hospitalized for COVID-19 in China [6,7]. It
has been shown that various comorbidities, i.e., hypertension,
diabetes, chronic obstructive pulmonary disease (COPD), cardio-
vascular disease, and cerebrovascular disease increase the risk of
severe COVID-19 disease, whereas no association was found with
liver disease, malignancy, or renal disease [8]. In Italy, an analy-
sis of the medical charts of the first 3032 persons who  died from
COVID-19 showed a significantly higher prevalence of heart dis-
eases, diabetes mellitus, and renal failure than in the general Italian
population [9]. We  do not know, however, whether persons with
those comorbidities are more represented among fatal COVID-19
cases because pre-existing conditions are associated with SARS-
CoV-2 likelihood of infection or because, once a person is infected,
the outcome is worse. In particular, whether the prevalence of
SARS-CoV-2 infection in groups of persons with comorbidities is
analogous to that of the general population is not known.

In addition, no information is available on the frequency
of laboratory testing in persons with comorbidities. WHO  rec-
ommended laboratory testing for the clinical management of
COVID-19 patients, for cluster investigation, and for public health
surveillance [10]; thus, the guiding principles of testing should be
both clinical and epidemiological. In the earliest weeks of epidemic
in Italy, the Ministry of Health issued some recommendations for
the management of patients with selected severe comorbidities,
e.g. cancer [11], however, they were cautious because only limited
evidence was available at that time. Persons with comorbidities
might experience different symptom severity or have a different
frequency of close contacts with probable or confirmed cases as
compared with the general population, possibly determining a dif-
ferent need of diagnostic tests.

The objective of this study was to estimate the likelihood of
being tested for SARS-CoV-2 and that of testing positive in the gen-
eral population of the Italian province of Udine and in subgroups
of the population with chronic diseases, during the first weeks of
spread of the virus.

2. MATERIALS AND METHODS

This is a cross-sectional study using the anonymous admin-
istrative health databases of the Local Health Agency of Central
Friuli (ASUFC) of Udine as the source of information. The databases
are included in a datawarehouse and can be deterministically
linked with each other at the individual patient level though an
anonymous stochastic key which is univocal for each patient in
all databases. In particular, we linked the following databases: the
laboratory database, including information on type of laboratory
test, data of the test, and result; the hospital discharge database,
including information on dates of admission and discharge, main
diagnosis and secondary diagnoses for all hospitalizations at public
or private accredited hospitals in the region; the ambulatory care
database, including information on type and date of the access for
all outpatient visits and exams at public or private accredited hos-
pitals and health centers; the drug prescription database, including
type of drug and date of prescription for all medications pre-
scribed by physicians working within the regional health system;
the database of exemptions from medical discharges, including
information on patients who are entitled to receive completely free
care because of chronic or rare diseases listed by the Italian Ministry
of Health [12,13].

Hospital discharge data, ambulatory care data, drug prescrip-

tion data, and data on exemptions from medical charges, which
are virtually complete for all the inhabitants of the province of
Udine, regarding calendar year 2019 were used to identify per-
sons affected by one or more comorbidities according to algorithms

(
o

f

156
Health Policy 125 (2021) 155–159

y the Italian Local Health Authority of Brescia [14]. The comor-
idities included in the analysis are 14 chronic conditions (patient
ith transplanted organ, psychiatric disease, rare disease, dis-

ase of lipid metabolism, endocrine disease, autoimmune disease,
eurologic disease, gastroenteric disease, bronchopulmonary dis-
ase, cardiovascular disease, diabetes mellitus, cancer, HIV, chronic
idney failure) corresponding to the macro-groups of conditions
efined by Local Health Authority of Brescia [14]. The algorithms for

dentifying patients with comorbidities have been used in Brescia
or many years; we used them in our study because all the defi-
itions and methods are clearly described [14,15], allowing us to
roduce comparable estimates In fact, the algorithms developed in
rescia are applicable in our setting since the required databases
re available and the same coding systems are used in the province
f Udine (i.e., the International Classification of Diseases, Ninth
evision, Clinical Modification (ICD-9-CM) for hospital discharge
iagnoses; the Anatomical Therapeutic Chemical classification sys-
em (ATC) for drug prescriptions; and the national exemption codes
or exemption from medical charges).

Data on patients with chronic conditions were linked with the
aboratory database to assess the number, dates, and results of RT-
CR for the detection do SARS-CoV-2 infection from upper or lower
espiratory specimen collected through nasopharyngeal or oropha-
yngeal swabs or through bronchoalveolar lavage [4], in the first
even weeks of COVID-19 outbreak in the province of Udine (from
he first case detected on February 29 to April 19, 2020), accounting
or 95% of all COVID-19 cases detected up to the end of COVID-19
mergency phase 2. We  decided not to include in the study popu-
ation the few subjects who were diagnosed later to minimize the
ossibility that our results could be affected by changes in patient
anagement associated with the reduction of SARS-CoV-2 circula-

ion in the study area.
The proportion of persons who  were tested at least once in the

even-week period and the proportion of those with at least one
ositive test result (i.e., COVID-19 confirmed cases) were calcu-

ated among persons affected by each of the 14 chronic conditions,
tratified by sex and age category (0-14, 15-44, 45-64, 65-74, 75-89,
90 years). Age categories up to age 74 are among those listed in

he in the WHO  Global Health Observatory metadata [16] and are
onsistent with other reports [17,18]; the last two categories were
odified because of the relatively large proportion of very elderly

opulation in our region [19]. 95% Confidence Intervals (95%CI)
ere calculated according to the exact method.

Multivariate logistic regression analyses were conducted on the
ntire population of the province to evaluate the association of the
ikelihood of being tested and that of having a positive test with
he presence/absence of each of the 14 comorbidities, sex and age
ategory (treated as categorical variable using the same categories
escribed above), adjusting for the potential mutual confounding
f each variable on the others. The associations were described
hrough the odds ratios (OR) and 95% confidence intervals (95%CI).

All the analyses were conducted using SAS v9.4 (SAS Institute
nc., Cary, NC, USA).

. RESULTS

In the province of Udine, almost half inhabitants (N = 236,623)
ere affected by at least one of the 14 chronic conditions

onsidered in the study. The most common comorbidities were car-
iovascular diseases (30.0%), diseases of lipid metabolism (12.2%),
astroenteric diseases (13.5%), cancers (10.0%), diabetes mellitus

6.5%). Among persons with comorbidities, 56.7% had more than
ne.

In the whole province population, 12,959 persons were tested
or SARS-CoV-2 infection in the first seven weeks of the outbreak,
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from a minimum of one to a maximum of eight times (in total,
20,006 tests were conducted), and 869 had ≥1 positive result.

The numbers and proportions of tested and positive persons
overall and by chronic condition are shown in Table 1. In most
chronic disease subgroups the proportion of persons tested for
SARS-CoV-2 infection was greater than in the general population,
However, the prevalence of persons testing positive was similar to
that of the general population.

Proportions of persons tested and positive stratified by sex, age
category, and type of comorbidity (if any) are shown in Supple-
mentary Table 1. In most strata, the proportion of patients who
were tested for SARS-CoV-2 was analogous to the general popu-
lation, with only few population groups (e.g., diabetes mellitus in
the age group 15-44 years or rare diseases in the age group 45-64
years) being tested more than the general population.

Table 2 illustrates the associations between the likelihood of
being tested for SARS-CoV-2 and the likelihood of having a pos-
itive test and comorbidities, sex, and age category. According to
multivariate analyses also adjusting for the simultaneous pres-
ence of more than one comorbidity, females and the very elderly
were more likely to be tested, as were patients with comorbidi-
ties. The likelihood of having a SARS-CoV-2 infection confirmed
by RT-PCR was also increased among females and the elderly ≥75
years as compared with young adults; patients with psychiatric
and neurological comorbidities (and those with diabetes mellitus
with a borderline significance) had increased likelihood of hav-
ing the infection; those with diseases of the lipid metabolism had
decreased risk of having the infection. The other chronic conditions
were not significantly associated with the likelihood of infection.

4. DISCUSSION

Our results show that, especially in the young and adult ages,
persons with some chronic conditions were tested more than
the general population of the same age group. From multivariate
analyses, almost all comorbidities were associated with increased
likelihood of being tested. There are a number of possible explana-
tions for this finding.

First, chronic patients may  be more often symptomatic or have
increased disease severity. Then, patients with chronic conditions
may  have an overall risk of SARS-CoV-2 infection (of any severity)
different from the general population, either because some chronic
conditions might themselves increase the risk of being infected
after a contact with a COVID-19 case, or because of the medica-
tions used to treat the disease [20,21]. Then, patients with a chronic
condition may  be exposed to sources of infection differently from
the general population: they may  be less exposed if they are more
prone to remain at home or more exposed if they need to attend
hospitals where the virus may  spread easily. Further, they may  have
increased likelihood of experiencing nonspecific symptoms, com-
mon  to their underlying condition and to COVID-19, that justify
testing. Finally, they may  have easier access to screening testing
because of well established relationships with clinicians and peri-
odical access to the hospital for treatment or monitoring of their
underlying conditions.

The role of corticosteroids in chronic patients for their under-
lying disease (e.g, transplanted organs, autoimmune diseases) is
controversial: recent evidence suggests that systemic corticos-
teroids reduce 28-day all-cause mortality in patients with severe
COVID-19 [22], however, the effectiveness of systemic corticoste-

roid use in the early phases of the disease on preventing symptoms
or on reducing access to hospital has not been established. Simi-
larly, there is no evidence on either benefits or harms of inhaled
steroids in COVID-19 patients with asthma or COPD [23].
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In the province of Udine, however, the proportion of persons
ho  actually had a positive RT-PCR test were not substantially dif-

erent from those of the general population of the same age and
ex groups. This was  reflected by the generally lower proportions
f tested persons who had a positive test in chronic disease groups
ompared with the general population, with only few exceptions,
.g., young adults with diabetes mellitus, adults with rare diseases,
dult and elderly patients with endocrine diseases, elderly with
hronic kidney diseases. This suggests that in many cases patients
ith comorbidities might have been tested as a precaution, or

or screening before accessing hospitals, without really being at
ncreased risk of infection. Multivariate analyses, adjusting for sex,
ge category, and the simultaneous presence of multiple comor-
idities confirmed that patients with chronic conditions had no
ignificantly increased prevalence of infection. Actually, persons
ith diseases of lipid metabolism appeared to have a reduced
revalence.

This study analyzed data from the very first weeks of COVID-
9 outbreak in the province. In those weeks, official indications
ecommended testing patients with symptoms compatible with
OVID-19 (such as fever, cough, sore throat, general weakness,
atigue, muscular pain, anosmia, ageusia and, in the most severe
ases, pneumonia, acute respiratory distress syndrome, sepsis and
eptic shock) [24], close contacts of confirmed cases, or high-risk
ategories such as health workers. Virtually all testing was  pro-
ided at the University Hospital of Udine and in the whole study
eriod testing availability and capability of the local health system
o provide care were not an issue.

This study has a number of advantages. First, it was based on
dministrative data which were available with very little delay,
llowing a prompt assessment of the risk in the population with
hronic diseases. The use of administrative data avoided recall bias
nd minimized selection bias, since the databases include the entire
opulation of the province and completeness is not an issue. The
umber of patients and of COVID-19 cases included in the analy-
es was large, allowing for a presentation of risks stratified by sex
nd age categories. Also, the databases are completely anonymous,
o the privacy of patients was preserved by default. In addition,
he possibility to link various databases allowed for a relatively
asy identification of patients with many chronic conditions and
o assess whether they underwent a SARS-CoV-2 test, in a way that
an be replicated in the future allowing for periodic re-assessments.

One limitation of this study is that, at this moment, the informa-
ion on clinical outcomes is not yet available in our administrative
ealth databases, since hospital discharge records are available
ith a delay of up to three or four months and mortality data

ncluding the cause of death may  have a delay of nine months
r even more. When such information is available, an analysis of
isease severity, measured through hospitalization, intensive care
nit stay, in-hospital procedures and mortality will have to be con-
ucted on each cohort of chronic disease patients, also taking into
ccount the role of each different comorbidity on the final outcome.

Another limitation is that the algorithms for detecting comor-
idities are based on hospital discharge records, ambulatory care
ecords, and drugs prescription data. Thus, our ability to identify
omorbidities depends on the quality of recording and coding such
nformation. In addition, comorbidities were identified from 2019
ata, so patients who  developed chronic conditions in the first
onths of 2020 were not identified.
Finally, our results may  be affected by residual confounding

ince most clinical information are not available in the adminis-
rative databases we  used as the source of information. Similarly,

e could not assess personal concern with the disease or willing-
ess of the patient to request care, which may  actually differ in
atients with different comorbidities.
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Table  1
Number and proportion of persons who were tested and who  resulted positive for SARS-CoV-2 infection in the general population of the Italian province of Udine and in
subgroups affected by chronic conditions, February 29 to April 19, 2020.

Population N
tested

%
tested

N
positive

% positive
in the
population

% positive among
persons tested

General population 528791 12959 2.5% 869 0.16% 6.7%
Transplanted organ 790 68 8.6% 0 0 0
Psychiatric disease 2592 149 5.7% 10 0.39% 6.7%
Rare  disease 3809 119 3.1% 7 0.18% 5.9%
Lipid  metabolism disease 64697 1707 2.6% 108 0.17% 6.3%
Endocrine disease 36805 1199 3.3% 74 0.20% 6.2%
Autoimmune disease 16695 611 3.7% 37 0.22% 6.1%
Neurological disease 20347 850 4.2% 62 0.30% 7.3%
Gastroenteric disease 71725 2504 3.5% 158 0.22% 6.3%
COPD  14023 574 4.1% 18 0.13% 3.1%
Cardiovascular disease 159282 4595 2.9% 349 0.22% 7.6%
Diabetes mellitus 34418 1161 3.4% 80 0.23% 6.9%
Cancer 53163 2134 4.0% 111 0.21% 5.2%
HIV  541 20 3.7% 0 0 0
Chronic kidney disease 6230 487 7.8% 13 0.21% 2.7%

Table 2
Association between the likelihood of being tested for SARS-CoV-2 and the likelihood of having a positive test and comorbidities, sex, and age category in the Italian province
of  Udine, February 29 to April 19, 2020.

Likelihood of being tested Likelihood of a positive result

Independent variable ORa 95%CI ORb 95%CI ORa 95%CI ORb 95%CI

Female (vs male) 1.40 1.35-1.45 1.20 1.05-1.38
Age  0-14 (vs 15-44) 0.17 0.15-0.21 0.16 0.09-0.28
Age  45-64 (vs 15-44) 1.09 1.04-1.14 1.24 1.03-1.49
Age  65-74 (vs 15-44) 0.61 0.55-0.64 1.20 0.93-1.54
Age  75-89 (vs 15-44) 0.86 0.80-0.92 1.69 1.31-2.18
Age  ≥90 (vs 15-44) 2.12 1.93-2.34 5.66 4.19-7.66
Transplanted organ (yes vs no) 4.84 4.09-5.74 1.65 1.26-2.15 0.82 0.12-5.86 <0.01 <0.01->99
Psychiatric disease (yes vs no) 2.77 2.48-3.08 2.15 1.81-2.56 2.40 1.32-4.36 2.02 1.07-3.81
Rare  disease (yes vs no) 1.35 1.22-1.51 1.09 0.90-1.31 1.24 0.62-2.49 1.11 0.53-2.34
Lipid  metabolism disease (yes vs no) 1.06 1.03-1.10 0.82 0.77-0.87 0.73 0.59-0.90 0.68 0.54-0.85
Endocrine disease (yes vs no) 1.19 1.14-1.23 1.00 0.94-1.07 0.99 0.78-1.26 0.93 0.72-1.20
Autoimmune disease (yes vs no) 1.25 1.18-1.32 1.25 1.14-1.37 1.23 0.88-1.71 1.30 0.91-1.84
Neurological disease (yes vs no) 1.82 1.74-1.90 1.58 1.46-1.70 1.58 1.22-2.04 1.54 1.18-2.02
Gastroenteric disease (yes vs no) 1.54 1.49-1.59 1.26 1.19-1.32 1.04 0.87-1.24 1.05 0.86-1.27
COPD (yes vs no) 1.87 1.77-1.98 1.73 1.58-1.89 0.86 0.55-1.35 0.78 0.49-1.25
Cardiovascular disease (yes vs no) 1.34 1.30-1.38 1.06 1.01-1.12 1.08 0.91-1.28 1.11 0.92-1.34
Diabetes mellitus (yes vs no) 1.46 1.40-1.52 1.32 1.23-1.41 1.23 0.98-1.55 1.27 0.99-1.63
Cancer (yes vs no) 1.79 1.74-1.85 1.71 1.62-1.80 1.15 0.95-1.41 1.10 0.89-1.34
HIV  (yes vs no) 2.05 1.57-2.67 1.41 0.90-2.22 <0.01 <0.01->99 <0.01 <0.01->99
Chronic kidney disease (yes vs no) 3.43 3.20-3.67 3.13 2.82-3.47 1.29 0.78-2.12 1.15 0.66-2.02

6

a

7

8

w
a
H
not contain any studies with human or animal subjects performed
by any of the authors. Since this analysis was  based on anony-
a Odds Ratios are adjusted only for sex and age category.
b Odds Ratios are adjuested for all the variables shown in the Table.

5. CONCLUSION

This analysis showed that, during the first seven weeks of
COVID-19 outbreak in the province of Udine, despite more fre-
quent testing, patients with chronic diseases, with the exception
of psychiatric, neurological, and diabetic patients, where equally
likely to be diagnosed with SARS-CoV-2 as those without chronic
diseases. These findings are important because they help defin-
ing the impact of the epidemic on the groups of population with
chronic diseases and guiding general practitioners and specialists
in the management of patients. Since prevalence of SARS-CoV-2
infection in persons with most chronic conditions did not appear
higher than in the general population, our results do not support
particular restrictions among these patients, who should however
strictly adhere to the general recommendations for self-protection
from COVID-19. Patients with psychiatric and neurological diseases
and those with diabetes mellitus should be further monitored to

verify the finding of higher prevalence of positive tests. Future anal-
yses should aim at assessing the associations of comorbidities with
COVID-19 severity and outcomes.
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