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ABSTRACT

Objective: There is still limited information on the clinical characteristics and outcomes
of cystic fibrosis (CF) patients with COVID-19 in Brazil. The objective of this study was
to describe the cumulative incidence of COVID-19 in CF patients, as well as their clinical
characteristics and outcomes. Methods: This was a prospective cohort study involving
unvaccinated adult CF patients and conducted during the first year of the SARS-CoV-2
pandemic in the city of Porto Alegre, in southern Brazil. The clinical course of the
disease was rated on the WHO Ordinal Scale for Clinical Improvement. The primary
outcome was the number of incident cases of COVID-19. Results: Between April 30,
2020 and April 29, 2021, 98 CF patients were included in the study. Seventeen patients
were diagnosed with COVID-19. For the CF patients, the annual cumulative incidence
of COVID-19 was 17.3%, similar to that for the general population, adjusted for age
(18.5%). The most common symptoms at diagnosis of COVID-19 were cough (in 59%),
dyspnea (in 53%), fatigue (in 53%), and fever (in 47%). Only 6 (35%) of the patients
required hospitalization, and 3 (17.6%) required oxygen support. Only 1 patient required
mechanical ventilation, having subsequently died. Conclusions: During the first year of
the SARS-CoV-2 pandemic in southern Brazil, the cumulative incidence rate of COVID-19
was similar between CF patients and the general population. More than 50% of the CF
patients with SARS-CoV-2 infection had a mild clinical presentation, without the need
for hospital admission, and almost the entire sample recovered completely from the
infection, the exception being 1 patient who had advanced lung disease and who died.
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Caucasians and predominantly involving the lungs by

COVID-19 emerged in the city of Wuhan, in Hubei
province, China, as a pneumonia of unknown origin.
In February of 2020, the WHO declared the outbreak
of the novel coronavirus an international public health
emergency.(Y) Health outcomes of individuals infected
with SARS-CoV-2 range from the lack of any symptoms
to severe illness and death.® In addition to advanced
age, suspected risk factors for developing severe illness
caused by SARS-CoV-2 infection include the presence
of comorbidities.->

Cystic fibrosis (CF) is a recessive genetic disease
caused by mutations in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene, mostly affecting

impairing mucociliary airway clearance.®”) In patients
with CF, the airways become susceptible to dramatic
inflammation and chronic infection.® Persistent lower
airway infection with inflammation is the major cause
of morbidity and mortality and contributes to a decline
in lung function.”

Pulmonary exacerbations have an impact on survival
in patients with CF, reducing health-related quality of
life, adversely affecting sleep and neurobehavioral
performance, and increasing health care costs.®
Pulmonary exacerbations are usually caused by bacteria
that are typically associated with the disease, such
as Staphylococcus aureus, Pseudomonas aeruginosa,
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and Burkholderia cepacia complex.(*® Viruses are
commonly found during respiratory exacerbations,
particularly the influenza A virus, the influenza B
virus, and rhinovirus.® In comparison with nonviral
exacerbations, viral exacerbations are associated with
worse severity and quality-of-life scores.® During
the 2009 influenza A (HIN1) pandemic, infection
with influenza A (H1N1) virus was associated with
transient but significant morbidity in most patients
with CF. In a small number of CF patients with severe
lung disease, influenza was associated with respiratory
deterioration, need for mechanical ventilation, and
even death.(?

Patients with CF should be considered to have an
increased risk of developing severe manifestations
in case of SARS-CoV-2 infection. Surprisingly, the
results of studies conducted in 2020 and examining
SARS-CoV-2 infection in patients with CF showed
that the infection rate was lower in CF patients than
in the general population.®

The first case of COVID-19 in Brazil was diagnosed on
February 26, 2020,3'% and the first case of COVID-19
in the state of Rio Grande do Sul, in southern Brazil, was
diagnosed on March 10, 2020.*> There is still a lack of
information on the clinical characteristics and outcomes
of CF patients diagnosed with COVID-19 in Brazil.

The objective of this prospective cohort study
was to describe the cumulative incidence, clinical
characteristics, and outcomes of incident cases of
COVID-19 in unvaccinated adult CF patients during
the first year of the COVID-19 pandemic.

METHODS

Study design and population

This was a prospective study conducted between
April 30, 2020 and April 29, 2021 and describing the
clinical characteristics and outcomes of incident cases
of COVID-19 in a cohort of 98 CF patients monitored
under the auspices of the Hospital de Clinicas de
Porto Alegre (HCPA) adult CF program. The HCPA is
a tertiary care teaching hospital located in the city
of Porto Alegre, which is the capital of the state of
Rio Grande do Sul, in southern Brazil.

In the state of Rio Grande do Sul, the social isolation
measures to limit the spread of SARS-CoV-2 were
implemented on March 17, 2020. Following the
implementation of the measures, all health care
facilities sought ways to restrict the circulation of
individuals, avoiding elective medical appointments,
elective procedures, and ancillary tests. Patients
being followed at the HCPA CF outpatient clinic
began to be monitored by telephone consultation. A
WhatsApp group including patients and health care
professionals was created in order to provide health
care recommendations during the COVID-19 pandemic.
A health questionnaire was sent to all CF patients
every two weeks in order to gather information on
respiratory symptoms, complaints consistent with or
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diagnosis of COVID-19, use of oral antibiotics, need
for emergency care, and need for hospital admission.
This information was collected prospectively and
monitored by the multidisciplinary health care team.

The inclusion criteria were as follows: having been
diagnosed with CF on the basis of clinical features
and a positive sweat chloride test (> 60 mmol/L) or,
in the case of patients with a borderline sweat test,
the presence of a known disease-causing mutation
in each copy of the CFTR gene®; and being = 17
years of age before April 30, 2020. All participating
patients were monitored under the auspices of the
HCPA adult CF program during the COVID-19 pandemic.
The primary outcome of the study was the number of
incident cases of COVID-19 over a one-year period.

Study measures and procedures

One member of our research team reviewed all
patient electronic medical records at the HCPA. Data on
the following variables were recorded at study entry:
age; sex; ethnicity; age at CF diagnosis; presence
of (homozygous or heterozygous) F508del mutation;
BMI; pancreatic status; CF-related diabetes; a history
of massive hemoptysis requiring bronchial artery
embolization; pneumothorax; a previous diagnosis of
allergic bronchopulmonary aspergillosis; CF-related
liver disease; liver and/or lung transplantation;
chronic infection with P. aeruginosa, B. cepacia,
methicillin-susceptible S. aureus, methicillin-resistant
S. aureus, and/or nontuberculous mycobacteria; and
use of inhaled dornase alpha, inhaled colistimethate
sodium, inhaled tobramycin, and/or oral azithromycin.
In addition, the latest spirometry and six-minute walk
test results were reviewed in order to record FVC,
FEV,, FEV /FVC, the six-minute walk distance (6MWD),
and oxygen saturation. FVC and FEV, were expressed
in liters (L) and in percentage of the predicted values
for age, height, and sex.(*”)

In the present study, pancreatic insufficiency was
defined as the use of enzymes, whereas pancreatic
sufficiency was defined as no use of enzymes. Chronic
infection was defined as having three or more positive
isolates during the previous 12 months. CF-related
diabetes was defined as the use of insulin.

Our research team recorded patient clinical
information and patient answers to the health
questionnaire between April 30, 2020 and April 29,
2021, identifying the incident cases of COVID-19.
The diagnostic criteria for COVID-19 were a positive
RT-PCR from nasal and pharyngeal swabs, chest CT
findings consistent with COVID-19, a firm clinical
diagnosis of COVID-19 made in a hospital setting,
or any combination of the three. By the end of the
study, on April 29, 2021, none of the participating
patients had been vaccinated against COVID-19.
The clinical course of COVID-19 was classified in
accordance with the WHO Ordinal Scale for Clinical
Improvement.(*®) Death was defined as a patient who
died for any reason.
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Ethics

The study was approved by the Research Ethics
Committee of the HCPA (Protocol no. 2020-0225) and by
Plataforma Brasil (Protocol no. 33225520400005327).
Written informed consent was obtained at recruitment.
The study was in accordance with international and
national standards for clinical studies in humans
(Declaration of Helsinki and Brazilian governmental
regulation—Plataforma Brasil).

Sample size calculation

No sample size calculation was performed a priori.
The sample size was equal to the number of incident
cases of COVID-19 during the study period.

Statistical analysis

Statistical analysis was performed with the IBM
SPSS Statistics software package, version 22.0
(IBM Corporation, Armonk, NY, USA). We performed
a descriptive analysis of the study variables. The
normality of the data distribution was examined
with quantile-quantile plots and the Shapiro-Wilk
test. Qualitative data were expressed as number
of cases and proportion. Quantitative data were
expressed as mean % standard deviation or median
and interquartile range. Categorical comparisons
were performed with the chi-square test with Yates’
correction (when appropriate) or Fisher’s exact test.
Continuous variables were compared by means of a
t-test or the Wilcoxon-Mann-Whitney test. Cumulative
incidence was calculated as the number of new cases
of COVID-19 divided by the total number of individuals
in the population at risk for the study period (1 year),
being also calculated at 6-month intervals. The annual
cumulative incidence rate of COVID-19 in the state of
Rio Grande do Sul was also calculated, being adjusted
for age.(*® The chi-square test of independence was
used in order to compare the annual cumulative
incidence of COVID-19 between CF patients and the
general population.

RESULTS

Of a total of 130 patients being followed under the
auspices of the HCPA adult CF program, 98 were
included in the study. Twelve patients declined to
participate, and 20 were unable to undergo remote
clinical monitoring (Figure 1). Between April 30, 2020
and April 29, 2021, 17 CF patients were diagnosed
with COVID-19. Of those, 14 had positive SARS-CoV-2
RT-PCR test results and 3 had clinical symptoms
consistent with COVID-19 and positive SARS-CoV-2
serology. Of those 3 patients, 2 had typical chest CT
findings of COVID-19. By the end of the study, on
April 29, 2021, none of the participating patients had
been vaccinated against COVID-19.

The characteristics of the study participants at study
entry are presented in Table 1. Most (67%) of the
participating patients were female. The mean age of
the patients was 29.2 * 8.8 years, and the median age

at diagnosis was 3 years. The mean BMI was 21.7 +
2.7 kg/m2. Twenty-one percent of the patients were
homozygous for the F508del mutation, and 33% were
heterozygous for the F508del mutation. Seventy-nine
percent had exocrine pancreatic insufficiency, 25%
had CF-related diabetes, 30% had CF-related liver
disease, and 70% were chronically infected with P.
aeruginosa. The mean percent predicted FEV, was
59.3 £ 25.2%, and the mean percent predicted 6MWD
was 69.8 = 13.5%. Four patients had previously
undergone lung transplantation, and 1 had previously
undergone liver transplantation.

In the state of Rio Grande do Sul on April 29, 2021,
there were records of 1,091,191 confirmed cases of
SARS-CoV-2 infection, with an age-adjusted annual
cumulative incidence rate of 18.5%.%% For the CF
patients, the annual cumulative incidence was 17.3%,
and the cumulative incidence for the first and second
6-month periods was 4.1% and 13.3%, respectively.
We found that the annual cumulative incidence of
COVID-19 was not significantly different between
the patients with CF and the general population (p
= 0.738). The risk of SARS-CoV-2 infection did not
differ between the patients with CF and the general
population (OR, 0.94; 95% CI, 0.64-1.37 vs. OR, 1.06;
95% CI, 0.75-1.50). The distribution of COVID-19
cases in the study period is presented in Figure 2.

A comparison between patients with and without
COVID-19 is presented in Table 1. The BMI was lower
in patients with SARS-CoV-2 infection (19.8 + 2.5
kg/m?) than in those without SARS-CoV-2 infection
(22.1 £ 2.6 kg/m?; p = 0.001). There was a significant
difference between the proportion of F508del mutations
(homozygous, heterozygous, and other mutations)
between the two groups (p = 0.028), with a lower
proportion of heterozygosis in patients with COVID-19.
There was no difference between the groups regarding
percent predicted FVC (73.9 £ 20.0% vs. 75.9 £
22.3%; p = 0.740), percent predicted FEV, (60.9
+ 28.1% vs. 59.0 £ 24.7%; p = 0.779), or percent
predicted 6MWD (64.4 £ 12.9% vs. 70.9 + 13.4%;

Cystic fibrosis patients
undergoing outpatient
follow-up (n = 130)

Patients who were unable
——{to undergo remote clinical
monitoring (n = 20)

Patients who declined
to participate (n = 12)

Patients who were included in
and completed the study (n = 98)

Patients who were Patients who were
not diagnosed diagnosed with
with COVID-19 (n = 81) COVID-19 (n = 17)

Figure 1. Flow chart of the patient selection process.
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Table 1. Characteristics of the study participants at study entry and comparison between patients with and without
COVID-19.2

Characteristic

Age, years 29.2 + 8.8
Sex

Male 32 (33)
Ethnicity

White 98 (100)
Age at CF diagnosis 3 (0-17)
BMI, kg/m? 21.7 £2.7
F508del mutation

Homozygous 21 (21)

Heterozygous 33 (34)

Other 44 (45)
Pancreatic insufficiency 77 (79)
CFRD 24 (25)
Pneumothorax 1(1)
Massive hemoptysis (> 100 mL) 19 (19)
Bronchial artery embolization 8 (8)
ABPA 17 (17.3)
CF-related liver disease 28 (30)
Liver transplantation 1(1)
Lung transplantation 4 (4)
Pseudomonas aeruginosa 67 (70)
MSSA 60 (62)
MRSA 9 (9.4)
Burkholderia cepacia 22 (23)
MNT 6 (6.3)
Dornase alpha 84 (86)
Inhaled colistimethate sodium 51(52)
Inhaled tobramycin 33 (34)
Azithromycin 75 (76.5)
FVC, % predicted 75.5+21.8
FEV,, % predicted 59.3 +25.2
FEV,/FVC, % 76.9 + 16.1
Sp0,, % 94 (2.5)
6MWD, % predicted 69.81 + 13.47

Group
COVID-19 No COVID-19
(n = 17) (n = 81)
28.2+9.3 29.4 + 8.72 0.598
0.500
2(6) 30 (94)
1.000
17 (17.5) 81 (82.6)
8 (0-23) 3 (0-17) 0.652
19.8 +2.5 22.1+2.6 0.001
0.028
5 (24) 16 (76)
103) 32 (97)"
11 (25) 33 (75)
12 (16) 65 (84) 0.515
2 (8) 22 (92) 0.228
0 1 (100) 1.000
4(21) 15 (79) 0.736
2 (25) 6 (75) 0.624
3 (17.6) 14 (82.4) 1.000
5(18) 23 (82) 1.000
0 1 (100) 1.000
0 4 (100) 1.000
12 (18) 55(82) 0.770
11 (18) 49 (82) 0.777
1(11) 8 (89) 1.000
4 (18) 18 (82) 0.757
0 6 (100) 0.585
13 (15.5) 71 (84.5) 0.257
7 (13.7) 44 (86) 0.472
5 (15) 28 (85) 0.899
13 (17) 62 (83) 1.000
73.9 + 20.0 75.9 +£22.3 0.740
60.9 + 28.1 59.0 + 24.7 0.779
77.5+21.1 76.8 £ 15.0 0.877
95 (2.8) 94 (2.5) 0.239
64.36 + 12.89 70.94 + 13.43 0.142

CF: cystic fibrosis; CFRD:

cystic fibrosis-related diabetes; ABPA: allergic bronchopulmonary aspergillosis;

MSSA: methicillin-susceptible Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; NTM:
nontuberculous mycobacteria; and 6MWD: six-minute walk distance. ?Data are presented as n (%), median £+ SD,
or median (IQR). *Chi-square test for categorical variables. Student’s t-test or Mann-Whitney U test for continuous
variables. "Adjusted standard residual > 1.96 or < —1.96 (implies significantly different proportions).

p = 0.142). There were no differences between the
groups regarding the other variables. None of the
patients who had undergone lung transplantation
had SARS-CoV-2 infection.

Table 2 shows the main symptoms at diagnosis
of COVID-19, patient management, and respiratory
support. The most common symptoms at diagnosis of
COVID-19 were cough (in 59%), dyspnea (in 53%),
fatigue (in 53%), fever (in 47%), and increased
sputum volume (in 41%). Only 6 patients (35%)
required hospitalization. Three patients (17.6%)
required oxygen support during their hospital stay.

J Bras Pneumol. 2022;48(6):e20220265

Only 1 patient required ICU admission and noninvasive
ventilation, followed by endotracheal intubation and
mechanical ventilation. This patient died.

The WHO Ordinal Scale for Clinical Improvement for
COVID-19 is shown in Figure 3. Seven patients (41%)
were rated 1 (no limitation of activities), 4 (23.5%)
were rated 2 (limitation of activities), 3 (17.6%) were
rated 3 (hospitalized, no oxygen therapy), 2 (11.8%)
were rated 4 (oxygen by mask or nasal prongs), and 1
(5.9%) was rated 8 (death). The patient who died had
advanced lung disease (a percent predicted FEV, of 29%)
and was on the waiting list for lung transplantation.
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Figure 2. Distribution of COVID-19 cases during the study period.

Table 2. Main symptoms at diagnosis, patient management,
and respiratory support in cystic fibrosis patients with
COVID-19.

Variable n (%)

Symptoms at diagnosis

Fever 8 (47)
Dyspnea 9 (53)
Cough 10 (59)
Increased sputum volume 7 (41)
Fatigue and/or asthenia 9 (53)
Headache 4 (23.5)
Myalgia and/or arthralgia 4 (23.5)
Ageusia and/or anosmia 4 (23.5)
Hemoptysis 1(5.8)
Nausea, vomiting, and/or diarrhea 4 (23.5)
Patient management
Outpatient care 11 (64.7)
Hospitalization 6 (35)
Medical ward 5 (83)
ICU 1(16)
Respiratory support

Additional oxygen therapy 3 (17.6)
Noninvasive ventilation 1(5.8)
High-flow nasal cannula oxygen therapy 0
Invasive ventilation 1(5.8)
ECMO 0

ECMO: extracorporeal membrane oxygenation.

DISCUSSION

In this prospective cohort study performed in
southern Brazil between April of 2020 and April of 2021,
we described the clinical presentation and outcomes
of incident cases of COVID-19 in unvaccinated adult
CF patients during the first year of the SARS-CoV-2
pandemic. The cumulative incidence rate in our
cohort of patients with CF was 17.3% during the
study period, similar to that observed for the general

population of the state of Rio Grande do Sul, which
was 18.5% (adjusted for age).*® When comparing
clinical characteristics between the study participants,
we found that those with COVID-19 had a lower BMI
and a lower proportion of heterozygous F508del
mutations than did those without COVID-19. More
than 50% of the CF patients infected with SARS-CoV-2
had a mild clinical presentation, without the need for
hospital admission. Almost the entire sample recovered
completely from the infection, the exception being 1
patient who had advanced lung disease and who died.

Other studies have shown a lower incidence of
SARS-CoV-2 infection in CF patients during the
first wave than in the general population,?°-2% the
incidence of SARS-CoV-2 infection being lower in the
aforementioned studies than in the current study. One
of the first reports on the low incidence rate of SARS-
CoV-2 infection in people with CF was published by
Colombo et al. on April of 2020.?% In a multinational
retrospective study, Cosgriff et al.?") estimated that
the incidence of COVID-19 in CF patients in the 15- to
57-year age bracket was 0.07%, compared with 0.15%
in the general population. Between March 1 and June
30, 2020, Corvol et al.®® conducted a large prospective
study in France involving CF patients in the 9- to
60-year age bracket and found a 0.41% incidence of
COVID-19, an incidence that was 93% lower than that
in the general population. In a prospective multicenter
cohort study conducted between February and July
of 2020 and in which 50% of the patients were >
18 years of age, Colombo et al.®>> reported that the
cumulative incidence of SARS-CoV-2 infection was
2.4/1,000 population. However, in a retrospective
study investigating the 38-country European Cystic
Fibrosis Society Patient Registry, Naehrlich et al.®®
reported that the incidence of confirmed SARS-CoV-2
infection in people with CF was 2.70 cases per 1,000
population, an incidence that was not significantly
different from that of SARS-CoV-2 infection in the
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WHO Ordinal Scale for
Clinical Improvement
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Figure 3. The World Health Organization Ordinal Scale
for Clinical Improvement (for COVID-19). 0: no clinical
or virological evidence of infection; 1: no limitation of
activities; 2: limitation of activities; 3: hospitalized, no
oxygen therapy; 4: oxygen by mask or nasal prongs; 5:
noninvasive ventilation or high-flow oxygen; 6: intubation
and mechanical ventilation; 7: ventilation + additional
organ support (vasopressors, renal replacement therapy,
or ECMO); and 8: death.

general population. When incidence was analyzed
by age group, the incidence of SARS-CoV-2 infection
was significantly higher in people with CF than in the
general population for those under 15 years of age,
those in the 15- to 24-year age bracket, and those
in the 25- to 49-year age bracket.®®

There are several possible explanations for the high
cumulative incidence rate of COVID-19 in people
with CF in the current study. First, testing in early
2020 was very restricted to symptomatic cases with
more severe respiratory symptoms. Therefore, many
cases of asymptomatic or mild infection in the general
population probably went undetected. Second, people
with CF may have been tested more frequently than
was the general population because of increased
surveillance and established care routines. Third,
the current study included only adult CF patients,
who usually have more severe lung disease than do
younger CF patients. Consequently, adult CF patients
usually take early action to treat respiratory symptoms
and to be tested for SARS-CoV-2 infection. Fourth,
this was a prospective study, and all patients were
closely monitored with regard to their health status.

There are three CF centers in the state of Rio Grande
do Sul, all of which are located in Porto Alegre (the
capital of the state), and our center is the largest. In
addition, the HCPA Adult CF Center is one of the largest
adult CF centers in Brazil. Because almost all of the
patients followed at the HCPA Adult CF Center were
living in the state of Rio Grande do Sul at the time,
we considered that this sample of adult CF patients
was representative of the adult CF population of the
state of Rio Grande do Sul.

When we compared clinical characteristics between
patients, we found that those with COVID-19 had a
lower BMI than did those without COVID-19. This
finding is suggestive of more severe disease in patients
with SARS-CoV-2 infection. Again, this could indicate
that people with more severe disease usually take
early action to be tested for SARS-CoV-2 infection.(?®)

J Bras Pneumol. 2022;48(6):e20220265

The study by Colombo et al.(?® compared patients
who tested positive by molecular testing (cases) and
those who tested negative (controls). In contrast to
our study, controls were older than cases, whereas the
two groups were comparable in terms of sex, CFTR
genotype, comorbidities, CF maintenance therapy, and
respiratory function prior to SARS-CoV-2 infection.

In the current study, the main symptoms at diagnosis
were cough, dyspnea, fatigue/asthenia, fever, and
increased sputum volume. These are consistent with
the symptoms commonly experienced by the general
population and with the findings reported in other
cohorts of CF patients with COVID-19.(23:24.27)

The course of COVID-19 was mild in more than 50%
of our patients, with only 1 patient having developed
severe illness requiring ventilatory support and ICU care,
and later progressing to death. Of the other patients
who were hospitalized, 3 did not require any respiratory
support. This is surprising given that viral infections
tend to have worse outcomes in CF patients. However,
it should be noted that in our study there were only
4 patients who had undergone lung transplantation
and only 1 who had undergone liver transplantation.
McClenaghan et al.?® reported that 11 of the 181
individuals analyzed in their study were admitted to
the ICU. Of those, 7 had undergone transplantation.
A total of 7 patients died, 3 of which had undergone
transplantation. Corvol et al.*® reported that 19 of
31 patients were hospitalized, and 11 had undergone
transplantation. In our cohort, none of the patients who
had undergone lung or liver transplantation acquired
COVID-19, and this might explain why morbidity and
mortality were low in our study.

Our study has several limitations. First, the
investigation was done in a single center. Second,
of a total of 130 patients with CF followed at our
center, only 98 were included in the study. Third,
the restricted testing strategy adopted during the
first phase of the COVID-19 pandemic, with only
symptomatic patients being tested by PCR and limited
use of serological tests, might have resulted in an
underestimation of the infection rate, especially in the
general population. Fourth, our study represents the
situation in the first year of the COVID-19 pandemic,
before COVID-19 vaccination.

In conclusion, during the first year of the SARS-CoV-2
pandemic in southern Brazil, the cumulative incidence
rate of COVID-19 in CF patients was 17.3%, similar
to that observed for the general population (adjusted
for age), which was 18.5%. More than 50% of the CF
patients with SARS-CoV-2 infection had a mild clinical
presentation, without the need for hospital admission.
Almost the entire sample recovered completely from
the infection, the exception being 1 patient who had
advanced lung disease and who died.
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