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Applying fuzzy qualitative 
comparative analysis to identify 
typical symptoms of COVID‑19 
infection in a primary care unit, Rio 
de Janeiro, Brazil
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Joaquim Teixeira Netto 1, Denise Leite Maia Monteiro 3, Valéria Teresa Saraiva Lino 1 & 
Eric Gustavo Ramos Almeida 2

This study aims to identify a set of symptoms that could be predictive of SARS‑CoV‑2 cases in the 
triage of Primary Care services with the contribution of Qualitative Comparative Analysis (QCA) using 
Fuzzy Sets (fsQCA). A cross‑sectional study was carried out in a Primary Health Care Unit/FIOCRUZ 
from 09/17/2020 to 05/05/2021. The study population was suspect cases that performed diagnostic 
tests for COVID‑19. We collected information about the symptoms to identify which configurations 
are associated with positive and negative cases. For analysis, we used fsQCA to explain the outcomes 
“being a positive case” and “not being a positive case”. The solution term “loss of taste or smell and 
no headache” showed the highest degree of association with the positive result (consistency = 0.81). 
The solution term “absence of loss of taste or smell combined with the absence of fever” showed the 
highest degree of association (consistency = 0,79) and is the one that proportionally best explains 
the negative result. Our results may be useful to the presumptive clinical diagnosis of COVID‑19 in 
scenarios where access to diagnostic tests is not available. We used an innovative method used in 
complex problems in Public Health, the fsQCA.

In the period 2020–2021, the impact of the Pandemic COVID-19 in Brazil was catastrophic: 21,975,989 cases 
and 611,481  deaths1, leading to high healthcare costs and increasing social inequality. In Brazilian large cities, 
where the context of inequities is more visible, there were high rates of morbidity and mortality from COVID-
192. One of the challenges has been the access to diagnostic tests for SARS-Cov2 and consequently, many cases 
are notified based on the clinical symptoms. At the beginning of the pandemic period, the main symptoms of 
the disease reported are fever, cough, fatigue, dyspnea, sore throat, headache, chest pain, myalgia, conjunctivi-
tis, diarrhea, and  anosmia3,4. As new variants of the COVID-19 virus have emerged since the beginning of the 
pandemic, symptoms have changed over time. To date, five variants of the virus have been identified in Brazil 
and across the world since 2021: alpha, beta, gamma, delta, and  omicron5.

For the Wuhan strain, the original version of the virus, which appeared at the beginning of the pandemic 
in March 2020, the symptoms of Covid-19 considered the most common are fever, cough, fatigue, and loss of 
taste or smell. Less common are headache, sore throat, red or itchy eyes, diarrhea, skin rash, or discoloration 
of fingers or toes. The most serious symptoms include difficulty breathing or shortness of breath, loss of speech 
or mobility, mental confusion, and chest pain. In most cases, only a few of these symptoms appear, but the vast 
majority remain asymptomatic. In the symptom profile of the alpha variant (which emerged in September 2020 
in the UK), loss or alteration of smell, loss or alteration of taste, fever, cough, chills, loss of appetite, and muscle 
pain are the main symptoms found. For the beta variant (which appeared in October 2020 in South Africa), the 
presence of fever, cough, sore throat, respiratory distress, diarrhea, vomiting, body pain, and fatigue stands out. 
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In the symptom profile of the delta variant (which emerged in October 2020 in India), the prominent symptoms 
are a runny nose, headache, sneezing, sore throat, persistent cough, and fever. For the gamma variant (detected 
in November 2020 in travelers from Brazil), the most frequent symptoms are fever, cough, sore throat, shortness 
of breath, diarrhea, vomiting, body pain, tiredness, and fatigue. The symptom profile of the Omicron variant 
(which emerged in November 2021 in South Africa) is mainly marked by extreme tiredness, body aches, head-
ache, and sore  throat5.

Currently, in the post-pandemic scenario, some questions remain, such as how much vaccination protects 
against infections and serious diseases, what would be the consequences of the increase in the transmissibility 
of the disease, and the immune evasion of some  strains6,7. In addition, other specific symptoms, such as cardiac 
dysfunction in patients with COVID-19, also worry health professionals and are also targets of  investigation8,9.

Brazil is a huge country with different regions but has a public health system, the Unique Health System (SUS), 
in which the Primary Health Care Service is responsible for the first access to population health assistance. In 
this scenario, this study aims to identify a set of symptoms that could be predictive of SARS-CoV-2 cases in 
patient triage of Primary Care Service with the contribution of the Qualitative Comparative Analysis (QCA) 
using Fuzzy Sets (fsQCA).

Data and methods
In this section, we discuss the design setting and source of data and then discuss the methods of data collection 
and methods used for the analyses. This study was conducted in a Primary Care Unit/FIOCRUZ in Manguinhos, 
a high degree of social vulnerability neighborhood of Rio de Janeiro City/Brazil. Manguinhos has a population of 
about 40,000 inhabitants distributed within an area of 261.84 hectares. Manguinhos is a territory of great human 
mobility, including migrations. This scenario facilitates the importation of cases from other locations and other 
Brazilian states, which contributes to the increase in the transmission of COVID-1910.

Data. From 09/17/2020 to 05/05/2021, of the 3277 suspected cases reported by the local epidemiological 
surveillance service, 1807 cases were tested for COVID-19 by molecular test RT-PCR and/or Rapid Antigen Test. 
Symptoms were collected based on the definition of suspected cases of Sars-Cov-2 by the Brazilian Ministry of 
 Health11 to explore which symptom configurations were associated with positive and negative COVID-19 cases. 
The symptoms collected in this study were self-reported by the suspected cases.

The response variables were “being a positive case”, and “not being a positive case”. The explanatory vari-
ables were the following symptoms: sore throat, fever, cough, loss of taste, loss of smell, headache, runny nose, 
arthralgia, myalgia, diarrhea, abdominal pain, vomiting, fatigue, and respiratory distress. Using variables “loss 
of taste” and “loss of smell”, we build a new variable “loss of taste or smell”. Symptom selection was guided by 
theoretical criteria.

Methods. This is a cross-sectional study whose data analysis used the fuzzy approach of the QCA technique. 
The QCA technique has great potential to elucidate complex associative  relationships12. The method seeks to 
identify the configurations of factors related to the outcome and eliminate irrelevant factors, through a system-
atic technique of correspondences and contrasts between  cases13–16.

Although all the study variables are dichotomous, we choose to use fsQCA instead of Crisp-Set (csQCA), 
whose study variables need to be dichotomized, due to a large number of cases, and since fsQCA can do a 
more refined analysis. The study variables were calibrated according to fsQCA using degrees of membership 
that ranged from 0 (fully out membership) to 1 (fully in membership), with 0.5 representing a crossover point 
(neither in nor out)13,17.

From the information of the response variable “being a positive case”, we build a new response variable 
“not being a positive case”, applying the negation operation. In this way, two fuzzy models were built using the 
Quine-McCluskey algorithm, one for the response variable, “being a positive case” and another for the response 
variable “not being a positive case”.

Besides the symptoms sore throat, fever, cough, loss of taste, loss of smell, headache, runny nose, arthralgia, 
myalgia, diarrhea, abdominal pain, vomiting, fatigue, and respiratory distress, we built a new variable “loss of 
taste or smell”, applying the logical operator OR, which represents the union of the set of cases with loss of taste 
and loss of smell. The abundance of symptoms to consider led us to test, based on the literature, different sets 
of symptoms that could be associated with the two outcomes (Fig. 1). We tried to keep a low number of factors 
to avoid obtaining only an individualized description for each case, instead of a parsimonious  analysis13. The 
factors included in both models were: fever, headache, loss of taste or smell, fatigue, and respiratory distress. For 
all these five symptoms it was also applied the negation operation. It was used as a cut-off point to compose the 
models: minimum consistency of 0.80 and minimum frequency of 10 cases.

To present the results, the parsimonious solution of the models was used. The crude gross and unique coverage 
and the consistency of each combination of factors were calculated, in addition to the coverage and consistency 
of the solution of each model. Consistency measures the degree to which the solution terms and the solution as 
a whole are subsets of the investigated outcome, while coverage measures how much of the investigated outcome 
is covered (or explained) by each solution term and the solution as a  whole18.

The fscqa software version 3.0 was used in the analyses.
The study was approved by the Ethics Committee of FIOCRUZ, CAAE: 43691721700005240. The authors 

declare that all methods were performed following the relevant guidelines of the Research Ethics Committee.
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Brazil”, resulting from research involving data from the surveillance service of the Centro de Saúde Escola Ger-
mano Sinval Faria, is in agreement with Brazilian legislation (Resolution 510, of April 7, 2016, of the National 
Health Council of Brazil (CNS, 2019), and was approved by the Ethics Committee of FIOCRUZ, CAAE: 
43691721700005240, with the approval of the waiver of the Free and Informed Consent of research, given the 
justification of the difficulty of access to patients registered in the surveillance service. According to Art. 14 of 
Section I of Resolution 510: “Art. 14. When it is impossible to carry out the Free and Informed Consent process, 
the waiver of this process must be justifiably requested by the responsible researcher to the CEP/CONEP System 
for consideration.”

Symptoms Outcome

Being a posi�ve case

Headache

Sore throat

Fever

Cough

Arthralgia

Myalgia

Loss of taste

Loss of smell

Diarrhea

Fadigue

Abdominal pain

Vomi�ng

Respiratory distress

Loss of taste or smell, respiratory distress, fa�gue, headache

Fever, arthralgia, myalgia, sore throat

Respiratory distress, vomi�ng, abdominal pain, diarrhea

Cough, loss of taste or smell, fa�gue

Figure 1.  Study hypothesis about the set of symptoms associated with COVID-19.
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Results
Table 1 presents all possible combinations of symptoms that were reported by at least 10 of the participants. Of 
the 32 possible configurations, 20 and 24 met the criterion of consistency and minimum frequency of cases, for 
the outcomes “being a positive case” and “not being a positive case”, respectively (Table 1).

Table 1.  Truth table with presence and absence of outcome “positive case”. Consistency > 0.8 and number of 
cases > 9 membership.

Respiratory 
distress

Loss of taste 
OR smell Fever Headache Fatigue

Number of cases > 9 
membership

Consistency as a subset of the 
outcome

Outcome

Positive case

0 1 1 1 0 145 0.8

0 1 1 1 1 105 0.82

0 1 0 1 1 92 0.86

0 1 0 0 0 90 0.88

0 1 1 0 0 49 0.95

1 0 0 0 0 47 0.84

1 0 0 0 1 44 0.88

0 1 0 0 1 39 0.93

1 1 1 1 1 39 0.91

1 0 0 1 0 38 0.86

1 0 0 1 1 37 0.86

1 0 1 1 1 37 0.89

1 0 1 0 1 34 0.95

1 0 1 1 0 26 0.91

1 1 1 1 0 22 0.93

1 1 0 1 1 22 0.94

0 1 1 0 1 21 0.96

1 1 1 0 1 16 0.98

1 0 1 0 0 15 0.96

1 1 0 0 1 10 0.99

NOT positive

0 0 0 1 0 594 0.84

0 0 0 0 0 486 0.82

0 0 0 1 1 226 0.88

0 0 1 1 1 161 0.82

0 0 0 0 1 150 0.87

0 1 1 1 1 105 0.82

0 1 0 1 1 92 0.81

0 0 1 0 1 89 0.88

0 1 1 0 0 49 0.84

1 0 0 0 0 47 0.96

1 0 0 0 1 44 0.93

1 1 1 1 1 39 0.92

0 1 0 0 1 39 0.89

1 0 0 1 0 38 0.97

1 0 0 1 1 37 0.98

1 0 1 1 1 37 0.94

1 0 1 0 1 34 0.9

1 0 1 1 0 26 0.96

1 1 1 1 0 22 0.96

1 1 0 1 1 22 0.96

0 1 1 0 1 21 0.94

1 1 1 0 1 16 0.94

1 0 1 0 0 15 0.97

1 1 0 0 1 10 0.96
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Table 2 presents all the solutions to the analysis of the two fuzzy models. These solutions indicate the typical 
configurations associated with each outcome. The outcome “being a positive case” shows that four symptom 
configuration terms were sufficient to classify the suspected cases as positive: respiratory distress; loss of taste or 
smell and fatigue; loss of taste or smell and fever; and, loss of taste or smell and absence of headache. However, the 
solution term “loss of taste or smell and no headache” showed the highest degree of association with the outcome 
“being a positive case” (consistency = 0.81). For the outcome “not being a positive case”, the results also indicated 
four configuration terms: respiratory distress, fatigue, no loss of taste or smell, and no fever; no headache and 
fever but a loss of taste or smell. It is observed that the solution term “absence of loss of taste or smell combined 
with the absence of fever” showed the highest degree of association (consistency = 0,79) and is the one that pro-
portionally best explains the result “not be positive” (gross coverage = 0.61 and single coverage = 0.36) (Table 2).

Discussion
Main finding of this study. Our results indicate that loss of taste or smell was present in three of the 
four combinations of symptoms associated with positive cases of COVID-19. Although most settings related to 
positive cases of COVID-19 contain the symptom "loss of taste or smell", in cases that did not test positive for 
COVID-19, this symptom also appears in a smaller portion, but in this case, it does not is associated with fever. 
Respiratory distress was present both in positive and negative cases, although to a lesser extent in negative cases. 
The isolated symptom of fatigue was not able to configure a positive case of Sars-Cov-2, but when this presented 
in combination with the loss of smell or taste, it configured a combination of symptoms associated with the pres-
ence of the infection.

What is already known on this topic. There is a wide range of symptoms reported by people who have 
had COVID-19. Anyone can have mild or severe symptoms of the disease, even if they do not belong to any 
specific risk group. The period of onset of symptoms is between two to 14 days after exposure to the virus. Fever, 
chills, cough, difficulty breathing, fatigue, body aches, headache, loss of taste or smell, sore throat, nasal conges-
tion, nausea, diarrhea, appetite loss, and chills are some of these reported  symptoms19,20.

The sudden and isolated loss of smell or taste, in the absence of inflammatory diseases of the upper airways, 
such as allergic rhinitis, chronic rhinosinusitis, nasal polyposis, and other conditions, seems to be a warning 
sign to health professionals of the suspicion of COVID-1921. Our results showed that the loss of taste or smell in 
the absence of the headache would be a configuration of symptoms associated with the presence of COVID-19. 
Headache, unlike fever, has been reported less frequently in scientific articles describing the manifestations of 
COVID-1922. On the other hand, headache is among the most common symptoms reported in inflammatory 
disorders of the upper respiratory tract and is often confused with  migraines23.

An important health surveillance strategy to reduce disease transmission is its rapid detection as early as 
possible so that cases can be isolated and  treated24. The investigation of a possible case of COVID-19 is usually 
based on a combination of clinical parameters that the patient presents (e.g., fever, shortness of breath, and loss 
of smell and taste). It is from the observed clinical parameters that the search and infection control policies are 
 triggered25. Given the scarcity of resources in many countries, testing, in most cases, is only performed if the 
patient’s clinical parameters lead to suspicion of the disease.

Considering the scarce information about studies to identify a set of symptoms for diagnosing COVID-19 
cases in the Primary Care Service, this study intends to contribute to the clinical diagnosis of COVID-19 in this 
scenario. In our results, loss of taste or smell was present in three of the four combinations of symptoms associ-
ated with positive cases of COVID-19, which were similarly reported in several  studies21,26, however, most of 
them were carried out in different settings like hospitals, outpatients clinics or symptoms tracker  apps27,28 and a 

Table 2.  Symptom configurations associated with positive and negative COVID-19 cases.

Configurations

Coverage

ConsistencyRaw Unique

For the outcome: “being a positive case”

Respiratory distress 0.25 0.07 0.57

Loss of taste or smell and absence of headache 0.25 0.04 0.81

Loss of taste or smell and fever 0.30 0.06 0.70

Loss of taste or smell and fadigue 0.28 0.04 0.71

Solution coverage 0.48

Solution consistency 0.58

For the outcome: “not being a positive case”

Respiratory distress 0.19 0.02 0.74

Fatigue 0.37 0.11 0.67

No loss of taste or smell and no fever 0.61 0.36 0.79

No headache and fever, but a loss of taste or smell 0.09 0.00 0.76

Solution coverage 0.79

Solution consistency 0.71
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small part, in Primary  Care29. Altered taste perception (dysgeusia) in Sars-Cov-2 patients is widely reported in 
studies and can be found in up to 44% of  cases30.

Both positive and negative cases of COVID-19 contain the symptom "loss of taste or smell", although, in 
the last, it appears in a smaller portion and is not associated with fever. What could explain the "loss of taste or 
smell" appearing in both positive and negative patients for COVID-19 would be the duration of the symptom, 
which usually remains for a few weeks after the patient becomes  negative31.

Respiratory distress was present both in positive and negative cases, although to a lesser extent in negative 
cases. The isolated symptom of fatigue was not able to configure a positive case of Sars-Cov-2, but when this 
presented in combination with the loss of smell or taste, it configured a combination of symptoms associated 
with the presence of the infection. Fatigue is a common symptom in those with symptomatic COVID-19 and 
also persists after COVID-1932. Perhaps the fact that both respiratory distress and fatigue are associated not only 
with Sars-Cov-2 but also with other diseases, like, cardiopulmonary, renal, gastrointestinal, oncology, and infec-
tious  diseases33–36, may explain why these symptoms are not associated solely with positive cases of Sars-Cov-2.

In this study, Qualitative Comparative Analysis Method was chosen due to its capacity to analyze the combi-
nations of signs and symptoms to evaluate the clinical presentation of COVID-19 and model these relationships 
to obtain subsets that explain a given outcome. It is a usual method applied for social and political research but 
more recently, it is utilized to respond to some questions related to public  health37,38.

What this study adds. Our results may be useful to guide the diagnosis of Sars-Cov-2 in scenarios where 
testing is not possible, contributing to increasing knowledge about which sets of symptoms could predict the 
disease. More comprehensive studies, involving different locations, using other analysis techniques could con-
tribute to improving access to the diagnosis of COVID-19.

Limitations of this study. As a limitation, it was not possible to obtain reliable information on the dura-
tion of symptoms in the cases at the time of performing the diagnostic test, so part of the tests may have been 
performed outside the indicated period for testing, which may have compromised the result. Another issue that 
was not considered was the type of virus variant, given that the different variants have specific peculiarities, the 
symptoms may have varied during the collection period. However, despite these limitations, these results can 
contribute to diagnostic guidance in locations that do not have access to diagnostic tests.

The symptoms used in this study were self-reported by the participants, so they present a certain degree of 
subjectivity. Loss of taste or smell, for example, despite its subjectivity, was reported in a National Survey in the 
United States by about 38% of suspected COVID-19 patients and was included by the CDC as one of the main 
symptoms associated with the  disease39.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 11 June 2022; Accepted: 13 December 2022

References
 1. Coronavírus Brasil: Painel Coronavírus https:// covid. saude. gov. br/.
 2. Ribeiro, H. V., Sunahara, A. S., Sutton, J., Perc, M. & Hanley, Q. S. City size and the spreading of COVID-19 in Brazil. PLoS One 

15(9), e0239699 (2020).
 3. Pascarella, G. et al. COVID-19 diagnosis and management: A comprehensive review. J. Intern. Med. 288(2), 192–206 (2020).
 4. Saegerman, C. et al. Clinical decision support tool for diagnosis of COVID-19 in hospitals. PLoS One 16(3), e0247773 (2021).
 5. Conheça os sintomas mais comuns da ômicron e de outras variantes da Covid-19. https:// butan tan. gov. br/ notic ias/ conhe ca- os- 

sinto mas- mais- comuns- da- omicr on-e- de- outras- varia ntes- da- covid- 19.
 6. Health p, researchers from across E: Europe must come together to confront omicron. BMJ. 376, o90 (2022).
 7. Priesemann, V. et al. Towards a European strategy to address the COVID-19 pandemic. Lancet 398(10303), 838–839 (2021).
 8. Ardahanli, I., Akhan, O., Sahin, E., Akgun, O. & Gurbanov, R. Myocardial performance index increases at long-term follow-up in 

patients with mild to moderate COVID-19. Echocardiography 39(4), 620–625 (2022).
 9. Ardahanli, İ, Akhan, O., Aslan, R., Celik, M. & Akyüz, O. A new index in the follow-up of arrhythmia of Coronavirus Disease-2019 

(COVID-19) patients receiving Hydroxychloroquine and Azithromycin therapy; index of cardiac electrophysiological balance. 
Cumhuriyet Med. J. 43(1), 1–7 (2021).

 10. Hâncean, M. G., Perc, M. & Lerner, J. Early spread of COVID-19 in Romania: Imported cases from Italy and human-to-human 
transmission networks. R. Soc. Open Sci. 7(7), 200780 (2020).

 11. Saiba como é feita a definição de casos suspeitos de Covid-19 no Brasil https:// www. gov. br/ saude/ pt- br/ coron avirus/ publi cacoes- 
tecni cas/ guias-e- planos/ guia- de- vigil ancia- epide miolo gica- covid- 19.

 12. Ragin, C. Redesigning Social Inquiry: Fuzzy Sets and Beyond (Bibliovault OAI Repository, the University of Chicago Press, 2008).
 13. Rihoux, B. & Ragin, C. C. Configurational Comparative Methods: Qualitative Comparative Analysis (QCA) and Related Techniques. 

(2009).
 14. Lee, S. S.-Y. Using fuzzy-set qualitative comparative analysis. Epidemiol. Health 36, e2014038–e2014038 (2014).
 15. Ragin, C. C. The Comparative Method Moving Beyond Qualitative and Quantitative Strategies (University of California Press, 1987).
 16. Smithson, M. Fuzzy set inclusion: Linking fuzzy set methods with mainstream techniques. Sociol. Methods Res. 33(4), 431–461 

(2005).
 17. Verkuilen, J. Assigning membership in a fuzzy set analysis. Sociol. Methods Res. 33(4), 462–496 (2005).
 18. Ragin, C. C. Set relations in social research: Evaluating their consistency and coverage. Polit. Anal. 14(3), 291–310 (2006).
 19. Symptoms of COVID-19 https:// www. cdc. gov/ coron avirus/ 2019- ncov/ sympt oms- testi ng/ sympt oms. html.
 20. Elliott, J. et al. Predictive symptoms for COVID-19 in the community: REACT-1 study of over 1 million people. PLoS Med. 18(9), 

e1003777 (2021).
 21. Mullol, J. et al. The loss of smell and taste in the COVID-19 outbreak: A tale of many countries. Curr. Allergy Asthma Rep. 20(10), 

61–61 (2020).

https://covid.saude.gov.br/
https://butantan.gov.br/noticias/conheca-os-sintomas-mais-comuns-da-omicron-e-de-outras-variantes-da-covid-19
https://butantan.gov.br/noticias/conheca-os-sintomas-mais-comuns-da-omicron-e-de-outras-variantes-da-covid-19
https://www.gov.br/saude/pt-br/coronavirus/publicacoes-tecnicas/guias-e-planos/guia-de-vigilancia-epidemiologica-covid-19
https://www.gov.br/saude/pt-br/coronavirus/publicacoes-tecnicas/guias-e-planos/guia-de-vigilancia-epidemiologica-covid-19
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html


7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:22319  | https://doi.org/10.1038/s41598-022-26283-y

www.nature.com/scientificreports/

 22. Al-Swiahb, J. N. & Motiwala, M. A. Upper respiratory tract and otolaryngological manifestations of coronavirus disease 2019 
(COVID-19): A systemic review. SAGE Open Med. 9, 20503121211016964 (2021).

 23. Gryglas, A. Allergic rhinitis and chronic daily headaches: Is there a link?. Curr. Neurol. Neurosci. Rep. 16(4), 33 (2016).
 24. Lee, C. Y., Lin, R. T. P., Renia, L. & Ng, L. F. P. Serological approaches for COVID-19: Epidemiologic perspective on surveillance 

and control. Front. Immunol. 11, 879 (2020).
 25. Lu, R. et al. Genomic characterisation and epidemiology of 2019 novel coronavirus: Implications for virus origins and receptor 

binding. Lancet 395(10224), 565–574 (2020).
 26. Hjelmesæth, J. & Skaare, D. Loss of smell or taste as the only symptom of COVID-19. Tidsskr Nor Laegeforen 140(7) (2020).
 27. Jain, V. & Yuan, J. M. Systematic review and meta-analysis of predictive symptoms and comorbidities for severe COVID-19 infec-

tion. medRxiv 2020.2003.2015.20035360 (2020).
 28. Struyf, T. et al. Signs and symptoms to determine if a patient presenting in primary care or hospital outpatient settings has COVID-

19 disease. Cochrane Database Syst. Rev. 7(7), CD013665 (2020).
 29. Mizrahi, B. et al. Longitudinal symptom dynamics of COVID-19 infection. Nat. Commun. 11(1), 6208 (2020).
 30. Tong, J. Y., Wong, A., Zhu, D., Fastenberg, J. H. & Tham, T. The prevalence of olfactory and gustatory dysfunction in COVID-19 

patients: A systematic review and meta-analysis. Otolaryngol. Head Neck Surg. 163(1), 3–11 (2020).
 31. Lee, Y., Min, P., Lee, S. & Kim, S. W. Prevalence and duration of acute loss of smell or taste in COVID-19 patients. J. Korean Med. 

Sci. 35(18), e174 (2020).
 32. Stavem, K., Ghanima, W., Olsen, M. K., Gilboe, H. M. & Einvik, G. Prevalence and determinants of fatigue after COVID-19 in 

non-hospitalized subjects: A population-based study. Int. J. Environ. Res. Public Health 18(4), 2030 (2021).
 33. Fistera, D. et al. What about the others: Differential diagnosis of COVID-19 in a German emergency department. BMC Infect. Dis. 

21(1), 969 (2021).
 34. Gift, A. G. & Shepard, C. E. Fatigue and other symptoms in patients with chronic obstructive pulmonary disease: Do women and 

men differ?. J. Obstet. Gynecol. Neonatal Nurs. 28(2), 201–208 (1999).
 35. Polidoro, R. B., Hagan, R. S., de Santis, S. R. & Schmidt, N. W. Overview: Systemic inflammatory response derived from lung injury 

caused by SARS-CoV-2 infection explains severe outcomes in COVID-19. Front. Immunol. 11, 1626 (2020).
 36. Wang, L.-L., Yang, J.-W., Xu, J.-F. Severe acute respiratory syndrome coronavirus 2 causes lung inflammation and injury. Clin. 

Microbiol. Infect. (2021).
 37. Warren, J., Wistow, J. & Bambra, C. Applying qualitative comparative analysis (QCA) in public health: A case study of a health 

improvement service for long-term incapacity benefit recipients. J. Public Health (Oxf) 36(1), 126–133 (2014).
 38. Kahwati, L., Jacobs, S., Kane, H., Lewis, M., Viswanathan, M., Golin, C. Using qualitative comparative analysis in a systematic 

review of a complex intervention. Syst. Rev. 5 (2016).
 39. Coelho, D. H., Kons, Z. A., Costanzo, R. M. & Reiter, E. R. Subjective changes in smell and taste during the COVID-19 pandemic: 

A national survey-preliminary results. Otolaryngol. Head Neck Surg. 163(2), 302–306 (2020).

Author contributions
N.C.P.R.: conceptualization, data curation, formal analysis, investigation, methodology, project administration, 
writing—original draft and writing—review and editing.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 26283-y.

Correspondence and requests for materials should be addressed to N.C.P.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-26283-y
https://doi.org/10.1038/s41598-022-26283-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Applying fuzzy qualitative comparative analysis to identify typical symptoms of COVID-19 infection in a primary care unit, Rio de Janeiro, Brazil
	Data and methods
	Data. 
	Methods. 
	Ethical statement. 

	Results
	Discussion
	Main finding of this study. 
	What is already known on this topic. 
	What this study adds. 
	Limitations of this study. 

	References


