
Vol.:(0123456789)1 3

Rheumatology International (2021) 41:1447–1455 
https://doi.org/10.1007/s00296-021-04892-6

OBSERVATIONAL RESEARCH

The impact of COVID‑19 on familial Mediterranean fever: a nationwide 
study

Zafer Günendi1  · Fatma Gül Yurdakul2  · Hatice Bodur3  · Ahmet Kıvanç Cengiz4  · Ülkü Uçar5  · 
Hasan Fatih Çay5  · Nesrin Şen6  · Yaşar Keskin7  · Gülcan Gürer8  · Meltem Alkan Melikoğlu9  · 
Duygu Altıntaş9  · Hülya Deveci10  · Merve Baykul11  · Kemal Nas12  · Remzi Çevik13  · Ali Yavuz Karahan14  · 
Murat Toprak15  · Sertaç Ketenci16  · Mehmet Nayimoğlu17  · İlhan Sezer18  · Ali Nail Demir18  · 
Hilal Ecesoy19  · Mehmet Tuncay Duruöz20  · Ozan Volkan Yurdakul21  · Ayşe Banu Sarıfakıoğlu22  · 
Şebnem Ataman23 

Received: 16 April 2021 / Accepted: 14 May 2021 / Published online: 25 May 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
The study aimed to evaluate the impact of the coronavirus disease 2019 (COVID-19) in patients with familial Mediterranean 
fever (FMF) and to assess the relationships between FMF characteristics and severe COVID-19 outcomes such as hospitali-
zation. The study was planned within a national network of 21 different centers. Demographics, FMF-related clinical and 
genetic characteristics, and COVID-19 outcomes were obtained. A total of 822 patients with FMF (mean age of 36 years) 
were included in the study. Fifty-nine of them (7%) had a COVID-19 diagnosis confirmed by real-time PCR test or chest CT 
findings. Most FMF patients with COVID-19 (58) had mild and moderate disease activity. All patients were on colchicine 
treatment. However, 8 of them (13.6%) were not compliant with colchicine use and 9 of them (15.3%) were colchicine resist-
ant. Twelve FMF patients with COVID-19 were hospitalized. There were 4 patients requiring oxygen support. COVID-19 
related complications were observed in 2 patients (1 thromboembolism, 1 acute respiratory distress syndrome). Hospitalized 
COVID-19 patients with FMF were older than non-hospitalized patients (median ages: 51 and 31 years, respectively; p: 
0.002). Other FMF-related characteristics were similar between the groups. FMF-related characteristics were not found to 
be associated with poor outcomes in COVID-19. Thus, FMF may not be a risk factor for poor COVID-19 outcomes.
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Abbreviations
CT  Computerized tomography
COVID-19  Coronavirus disease 2019
DMARD  Disease modifying antirheumatic drug
FMF  Familial Mediterranean fever
IL-1  Interleukin-1
NLRP3  NOD-, LRR- and pyrin domain-containing 

protein 3
RCT   Randomized controlled trial
RT-PCR  Reverse transcription-polymerase chain 

reaction
SARS-CoV-2  Severe acute respiratory 

syndrome-coronavirus-2
TNF  Tumor necrosis factor

Introduction

The novel coronavirus disease 2019 (COVID-19) is a 
pandemic that has a detrimental effect on public health 
worldwide. It first appeared in China in December 2019 
and spread all over the world in a short time. The causa-
tive microorganism is severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2) [1]. This virus mainly causes 
respiratory system symptoms like dyspnea and dry cough. 
However, other symptoms such as headache, thromboem-
bolism, and diarrhea are not uncommon. The disease may 
progress to critical levels in some patients. Respiratory and 
heart failure, sepsis, septic shock are the characteristics of 
critical illness. The diagnosis is established by reverse tran-
scription-polymerase chain reaction (RT-PCR) assay from 
upper respiratory tract swab specimen and typical computed 
tomography findings including bilateral lung consolidation 
and ground-glass opacities [2, 3]. Severe disease and critical 
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illness account for approximately 20% of all patients [4]. 
Older age, obesity, hypertension, diabetes mellitus, chronic 
lung or kidney disease, and cardiovascular disease have been 
identified as risk factors for poor outcomes in COVID-19 
[2]. Although rheumatic diseases were not considered as a 
risk factor for severe COVID-19 early in the pandemic [5], 
the accumulated data showed that rheumatic diseases, espe-
cially those with moderate/high disease activity, are also at 
risk for severe COVID-19 [6].

Familial Mediterranean fever (FMF) is an autoinflam-
matory rheumatic disease that is prevalent in the Mediter-
ranean basin. Turkey is among the countries where the dis-
ease appears frequently. Most patients are from the Eastern 
Anatolia and the Eastern Black Sea Region [7]. The innate 
immune system that plays a critical role in the pathogen-
esis of FMF is also essential in antiviral defense [8]. It is 
thought that some viral protein particles increase COVID-19 
severity via prolonged and excessive activation of the innate 
immune system. In an experimental study, Siu et al. found 
that “SARS-CoV open reading frame 3a accessory protein” 
activates NOD-, LRR- and pyrin domain-containing pro-
tein 3 (NLRP3) inflammasome, a multiprotein component 
of the innate immune system, and may cause a cytokine 
storm by this way [9]. Colchicine is an anchor drug in the 
management of FMF. The mechanism of action is inhibition 
of microtubule polymerization and NLRP3 inflammasome. 
Therefore, colchicine may have a potential benefit in severe 
COVID-19. When all the information above is taken into 
consideration, the progression of COVID-19 and the risk 
factors for severe outcomes in patients with FMF arouse 
interest.

In this study, we aimed to investigate the rate of COVID-
19 and to assess the relationship between FMF features and 
Covid-19 severe outcomes such as hospitalization, the need 
for oxygen support, and death in patients with FMF.

Materials and methods

A multicenter cross-sectional study was conducted between 
1st June 2020 (the end of the first peak in Turkey) and 28th 
February 2021. Approvals from Ankara City Hospital Ethics 
Committee (Approval date/no:16.04.2020/E1-20-440) and 
the general directorate of health services of Turkey were 
obtained. The patients were informed about the study, and 
written informed consents were received.

A national network database system (https:// www. trasd- 
netwo rk. org), emerged by the Turkish League Against Rheu-
matism, was used for the data collection. 21 centers (26 
researchers) from different regions of Turkey participated 
in the study. We included the patients with FMF (≥ 18 years) 

diagnosed by the Tel Hashomer criteria, as revised by 
Livneh et al. [10]. Patients who have a history of transplan-
tation, malignancy within the last 5 years, immunodeficiency 
diseases, or using medications that cause immunodeficiency 
were excluded.

Electronic case report forms in the network database sys-
tem regarding demographics, clinics, genetic test results, and 
COVID-19 status of the patients who applied to rheuma-
tology and physical medicine and rehabilitation outpatient 
clinics at research centers were filled out by the researchers 
during routine clinical practice.

Clinical data included disease age (years), use of medi-
cations [colchicine, interleukin-1 (IL-1) inhibitors, tumor 
necrosis factor (TNF) inhibitors], regular colchicine use, col-
chicine resistance (defined as two or more attacks in the last 
6 months despite regular colchicine use for 12 months) [7], 
disease severity, presence or absence of amyloidosis, chronic 
renal failure, dialysis status, comorbidities. Disease severity 
was assessed with a scoring system developed by Pras et al.
[11]. Disease severity scores range between 2 and 19 points 
(≥ 10 points indicate severe disease, 6–10 points indicate 
moderate disease, and ≤ 5 points indicate mild disease).

According to the previous genetic mutations, patients 
were divided into three groups [homozygous (same muta-
tion in two alleles), heterozygous (mutation in one allele), 
and compound heterozygous (different mutations in two 
alleles)].

Data about the COVID-19 status included the previous 
history of COVID-19 diagnosis, if they had COVID-19 diag-
nosis; diagnosis methods [positive SARS-CoV-2 RT-PCR 
test, typical chest computerized tomography (CT) images], 
medications used in COVID-19 management, outcomes 
(recovery without hospitalization, hospitalization, need 
for oxygen support, death), complications associated with 
COVID-19 (acute respiratory distress syndrome, sepsis, 
renal failure, myocarditis, macrophage activation syndrome, 
disseminated intravascular coagulation, thromboembolism, 
secondary infection).

Statistical analysis was performed using the SPSS pro-
gram (V.21) after exporting data from the national network 
database system. Results were expressed as means (standard 
deviations), mean differences (95% confidence intervals), 
medians (interquartile ranges), numbers, and percentages. 
The normality of continuous variables was checked by the 
Kolmogorov–Smirnov test. Comparisons between groups 
were performed by Independent Samples t-test for normally 
distributed continuous variables, and Mann–Whitney U 
test for non-normally distributed continuous variables. The 
Chi-Square test and Fisher’s exact test were used for test-
ing relationships between categorical variables. Statistical 
significance was set at p < 0.05.

https://www.trasd-network.org
https://www.trasd-network.org
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Results

A total of 822 patients with FMF (mean age of 36 years) 
were included in the study. The mean disease duration was 
9 years. Most patients (416) had moderate disease activ-
ity, 361 had mild, and few patients (45) had severe dis-
ease activity. MEFV gene analysis was conducted in 612 
patients. A total of 166 homozygous and 432 heterozygous 
mutations were detected. All patients were on colchicine 
treatment. However, 108 of them were not compliant with 
colchicine use. There were 128 patients with colchicine-
resistant FMF. Other demographic and clinical features of 
patients are shown in Table 1.

A total of 59 patients with FMF had a COVID-19 
diagnosis confirmed by real-time PCR test or chest CT 
findings. Twelve of them were hospitalized. There were 
4 patients requiring oxygen support. COVID-19-related 
complications were observed in 2 patients (1 thromboem-
bolism, 1 acute respiratory distress syndrome). No death 
occurred. Patients’ demographics, clinical features associ-
ated with FMF and COVID-19 are indicated in Table 1.

In the comparison of demographics, FMF features, and 
COVID-19 outcomes between hospitalized and non-hos-
pitalized patients, hospitalized patients were significantly 
older than non-hospitalized patients (median ages: 51 and 
31 years, respectively; p:0.002). Other characteristics were 
the same between the groups (Table 2).

Detailed genotype analysis was obtained in 44 COVID-
19 patients with FMF. There was no difference regarding 
allele frequencies in MEFV mutations between hospital-
ized and non-hospitalized patients (Table 3).

Discussion

In our cohort, we found the COVID-19 rate as 7% in 
patients with FMF. Twenty percent of infected patients 
were hospitalized, 6.7% needed oxygen support, 3.4% 
developed complications (1 thromboembolism, 1 acute 
respiratory distress syndrome), none died. The mean age 
of hospitalized COVID-19 patients with FMF was higher 
than non-hospitalized patients. Other demographics and 
FMF-related features were similar between hospitalized 
and non-hospitalized patients.

First studies during pandemic did not define inflam-
matory rheumatic diseases as comorbidities increase the 
risk of COVID-19 severe outcomes [12, 13]. D’Silva et al. 
found similar symptoms and rates of hospitalization and 
mortality in COVID-19 patients with rheumatic disease 
and without rheumatic disease. However, admission rates 
to intensive care unit and mechanical ventilation were 

Table 1  Demographics, disease characteristics, comorbidities, 
genetic analysis and data about COVID-19 of patients with FMF

All FMF 
pateints 
n = 822

FMF 
Patients 
with 
COVID-19 
n = 59

Age (years), mean (SD) 35.6 (12.0) 36.7 (12.4)
Women, n (%) 517 (62.9) 40 (67.80)
Education level, n (%)
 Illıterate 22 (2.6) 2 (3.4)
 Elementary school 326 (39.7) 24 (40.7)
 High school 248 (30.2) 13 (22.0)
 University 226 (27.5) 20 (33.9)

Consanguineous marriage of parents,  
n (%)

174 (21.2) 12 (20.3)

Smoking habit, n (%) 204 (24.8) 12 (20.3)
Alcohol habit, n (%) 71 (8.6) 8 (13.6)
FMF in first-degree relatives, n (%) 89 (10.8) 3 (5.1)
Diagnosis age (years), mean (SD) 9.1 (7.0) 10.4 (7.6)
Comorbidities, n (%)
 Diabetes mellitus 10 (1.2) 1 (1.7)
 Hypertension 64 (7.8) 9 (15.2)
 Cardiovascular disease 2 (0.2) 1 (1.7)
 Lung disease (COPD) 12 (1.5) 0 (0)
 Amyloidosis, n (%) 22 (2.7) 0 (0)
 Phenotype II, n (%) 20 (2.4) 1 (1.7)

Disease severity, n (%)
 Mild 361 (43.9) 25 (42.4)
 Moderate 416 (50.6) 33 (55.9)
 Severe 45 (5.5) 1 (1.7)

MEFV gene analysis, n (%) 612 (74.4) 41 (69.5)
 Negative 14 (2.3) 1 (2.4)
 Homozygote mutations 166 (27.1) 15 (36.6)
 Heterozygote mutations 300 (49.0) 17 (41.5)
 Compound heterozygote 132 (21.6) 8 (19.5)

Non-compliance with colchicine use,  
n (%)

 Colchicine resistance, n (%) 108 (13.1) 8 (13.6)
 Non-colchicine drugs, n (%) 128 (15.6) 9 (15.3)
 Anakinra 20 (2.4) 1 (1.7)
 Canakinumab 16 (1.9) 1 (1.7)
 Rilonacept 1 (0.1) 0 (0)
 TNF inhibitors 25 (3.0) 1 (1.7)

Chronic renal failure, n (%) 11 (1.3) 0 (0)
Dialysis, n (%) 6 (0.7) 0 (0)
COVID-19 diagnosis methods, n (%)
 Positive PCR test 52
 Positive CT findings 8

COVID-19-related medications, n (%)
 Antiviral agents 47
 Antibacterial agents 7
 Antimalarial drugs 22
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threefold higher in patients with a rheumatic disease [14]. 
The reason for the increased risk for intensive care admis-
sion is not apparent. The immunosuppressives which are 
used in rheumatic diseases may be a potential explana-
tion. According to this result, the authors highlighted the 
importance of close monitoring of rheumatic patients 
with COVID-19. Another observational study from Spain 
showed that the only risk factors for hospitalization related 
to COVID-19 are increased age and systemic autoimmune 
conditions in patients with inflammatory rheumatic dis-
eases [15]. Similarly, in a matched cohort study, systemic 
connective tissue diseases (systemic lupus erythemato-
sus, Sjogren’s syndrome, systemic sclerosis, polymyalgia 
rheumatica, vasculitis) regardless of immunosuppressive 
therapies were found as a risk factor for poor COVID-19 
outcomes [16].

The COVID-19 Global Rheumatology Alliance 
reported the data from the first 600 inflammatory disease 
patients (majority with rheumatoid arthritis) with COVID-
19 in July 2020 [17]. Older age, comorbidities such as dia-
betes, cardiovascular disease, chronic renal insufficiency, 
and higher doses of prednisone (≥ 10 mg/day) were found 
as risk factors for COVID-19 hospitalization. It was also 
found that biologic or targeted synthetic disease modifying 
antirheumatic drug (DMARD)s are associated with a lower 
risk of hospitalization. This global cooperation recently 
reported the data on a greater number of inflammatory 
rheumatic disease patients with COVID-19. They found 
that moderate/high disease activity was associated with 
COVID-19-related death [6]. According to their result, 
it is crucial to control disease activity in patients with 
rheumatic disease in the current pandemic. A recent meta-
analysis found high rates of oxygen support and mortality 

among COVID-19 infected patients with a rheumatic dis-
ease (33%, 7%, respectively) [18]. Therefore, rheumatic 
diseases are now considered a risk factor for severe out-
comes in COVID-19.

All the studies mentioned above do not include familial 
Mediterranean fever, the most common form of monogenic 
autoinflammatory diseases that share a common pathoge-
netic pathway with COVID-19. Unlike these studies, we 
found only increased age as a possible associated factor with 
COVID-19 related hospitalization in patients with FMF. The 
defined risk factors for COVID-19 hospitalization in other 
studies, such as comorbidities and disease severity, were not 
different between hospitalized and non-hospitalized COVID-
19 patients with FMF. Also, the rate of biologic DMARD 
use was the same between groups. The reason why FMF 
differs from other inflammatory rheumatic diseases may be 
explained with the genetic background and divergent patho-
genetic pathways.

The initial phase of the COVID-19 is transmission and 
replication of the virus. Then, the inflammatory phase 
begins. The first antiviral response is initiated by the innate 
immune system. Secretion of type 1 interferons and pro-
inflammatory cytokines occurs in this response [8]. The 
inflammatory phase may cause rapid deterioration. Host 
immune response is generally able to improve inflamma-
tory damage. Sometimes exaggerated immune response, also 
called hyperinflammation, occurs and severe systemic dam-
age develops. Although the reason for hyperinflammation 
is not known, host genetic risk factors are suspected [19].

NLRP3 inflammasome is probably associated with hyper-
inflammation developed in COVID-19. It is also important 
in the pathogenesis of FMF. It was suggested that impair-
ment in the regulation of NLRP3 inflammasome could lead 
to a complex immune response in viral infections [20]. Stalla 
et al. hypothesized that the dysregulation between Pyrin and 
NLRP3 inflammasome might alter the balance between pro-
tective inflammation against virus and hyperinflammation 
[8]. Therefore, the frequency and severity of SARS-CoV-2 
infection in FMF are intriguing. Bourguiba et al. found simi-
lar incidence rates of COVID-19 in FMF patients (8%) and 
the general population (11%) in a French endemic area [21]. 
They also reported that FMF patients with severe SARS-
CoV-2 infection have known risk factors like increased age, 
obesity, and hypertension. Accordingly, we found a similar 
COVID-19 incidence rate (7%) and low rates of COVID-
19-related severe outcomes like hospitalization and oxygen 
support in FMF patients. Furthermore, no mortality was 
observed. According to both Bourguiba’s and our study, 
FMF is probably not a risk factor for severe COVID-19. 
Furthermore, Haslak et al. found that monogenic autoinflam-
matory diseases, predominantly FMF, in pediatric patients 
are not associated with increased COVID-19 and the severe 
disease course [22].

Table 1  (continued)

All FMF 
pateints 
n = 822

FMF 
Patients 
with 
COVID-19 
n = 59

 Corticosteroids 2
 Anticoagulants 2

COVID-19 severe outcomes, n (%)
 Hospitalization 12 (20.3)
 Oxygen support 4 (6.8)
 Complications 2 (1 TE, 1 

ARDS) 
(3.4)

 Death 0 (0)

FMF familial Mediterranean fever, SD standard deviation, COPD 
chronic obstructive pulmonary disease, TNF tumor necrosis factor, 
COVID coronavirus disease, TE thromboembolism, ARDS acute res-
piratory distress syndrome
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Although there is no particular drug that targets this 
virus and COVID-19, current medications, including anti-
viral, anti-inflammatory, and immunomodulatory drugs, 
have been used during the pandemic. Among these drugs, 
the only high-level evidence-based data in the treatment 
of COVID-19 belong to dexamethasone [1]. Colchicine 
is a synthetic drug that has been successfully using in the 
management of FMF. This famous drug has a well-known 
safety profile and low cost. Colchicine interferes recruitment 
of neutrophils by inhibition of microtubule formation. By 
this mechanism, it also has antiviral potency [23]. Colchi-
cine may also inhibit NLRP3 inflammasome, which can be 
activated by SARS-CoV-2 and may probably be associated 

with hyperinflammation in COVID-19 [1]. According to this 
theoretical knowledge, colchicine may be helpful in the man-
agement of COVID-19. Low incidence rates of COVID-19 
and related severe outcomes found Bourguiba’s [21], and our 
study might be explained by the fact that all FMF patients 
in these studies were on colchicine treatment. Similarly, 
most patients with monogenic autoinflammatory disease in 
Haslak’s [22] study were on colchicine treatment. However, 
all these studies had no control group and were not designed 
as a prospective cohort. Thus, it is difficult to make a precise 
conclusion about patients with monogenic autoinflammatory 
disease like FMF are not at increased risk for SARS-CoV-2 
infection and severe COVID-19 disease course.

Table 2  Comparison of demographics, FMF characteristics and comorbidities between hospitalized and non-hospitalized FMF patients with 
COVID-19

FMF familial Mediterranean fever, SD standard deviation, IQR interquartile range, TNF tumor necrosis factor

Hospitalized (n: 12) Non-hospitalized (n: 47) Mean difference (95% CI) p

Age (years)
 Mean (SD) 46.7 ± 12.1 33.1 ± 10.9
 Median (IQR) 50.5 (40.0–53.4) 31.0 (24.0–42.0) 13.6 (6.2–20.8) 0.002

Women, n (%) 8 (66.7) 31 (66.0) 0.922
Smoking habit, n (%) 2 (16.7) 10 (21.3) 0.645
Alcohol habit, n (%) 2 (16.7) 6 (12.8) 0.089
Comorbidities, n (%) 4 (33.3) 7 (14.9)
 Diabetes mellitus 1 0 0.196
 Hypertension 3 6
 Cardiovascular Disease 0 1

Disease age (years)
 Mean (SD) 13.8 ± 9.1 10.1 ± 7.4 3.7 (-2.4–9.7) 0.270
 Median (IQR) 9.5 (8.2–21.8) 8.5 (3.0–14.2)

Disease severity, n (%) 0.908
 Mild 5 (41.7) 20 (42.6)
 Modarate 7 (58.3) 26 (55.3)
 Severe 0 (0) 1 (2.1)

Phenotype II, n (%) 0 (0) 1 (2.1) 0.828
Non-compliance with colchicine 

use, n (%)
2 (16.7) 6 (12.8) 0.089

Colchicine resistance, n (%) 2 (16.7) 7 (14.9) 0.455
Biologics, n (%) 0.136
 Anakinra 0 1
 Canakinumab 1 0
 TNF inhibitors 2 1

MEFV gene analysis, n (%) 10 31 0.288
 Negative 1 (10.0) 0 (0)
 Homozygote mutations 3 (30.0) 12 (38.7)
 Heterozygote mutations 4 (40) 13 (41.9)

Compound heterozygote 2 (20) 6 (19.4)
Amyloidosis 0 0
Chronic renal failure 0 0
Dialysis 0 0
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Some reports support the use of colchicine in the treat-
ment of COVID-19. Scarsi et al. demonstrated that colchi-
cine treatment is associated with better survival in patients 
with COVID-19 pneumonia in their controlled study [24]. 
However, patients on colchicine and standard treatment were 
younger than those on standard treatment only. Brunetti L 
et al. showed that colchicine caused a reduction in hospital 
mortality and increase in hospital discharge in patients with 
severe COVID-19 by day 28 [25]. This cohort study per-
formed propensity score matching to decrease the effect of 
confounding factors. However, it is an observational study 
that has a small sample size and short duration of follow-up. 
Therefore, prospective randomized controlled trials (RCT) are 
needed to approve colchicine in the treatment of COVID-19. 
In the literatüre, there are 2 RCTs whose results have been 
published [26, 27]. The first study is from Greece, and the sec-
ond is from Brazil. In the former study, it was found that col-
chicine improved time to clinical deterioration in hospitalized 
patients with COVID-19 [26]. However, there was no placebo 
arm, and patients were not blind to the treatment allocation. In 
the latter study, a double-blinded, placebo-controlled RCT, it 
was found that colchicine diminished the duration of oxygen 
support and hospitalization day [27].

Two papers from Turkey were published recently [28, 
29]. First paper reported three FMF patients with mild 

COVID-19. All patients were on colchicine treatment. 
Authors suggested that colchicine can positively affect 
the prognosis of COVID-19 in FMF patients [28]. Second 
paper is a retrospective cohort study from a single center. 
It was found that comorbidities and disease severity were 
numerically high in hospitalized COVID-19 patients with 
FMF [29]. However, without statistical analysis, no estima-
tion could be made in terms of factors associated with poor 
COVID-19 outcomes in patients with FMF. In our study, we 
compare demographics, comorbidities, and FMF-related fea-
tures between hospitalized and non-hospitalized COVID-19 
patients and found similar rates of comorbidities and FMF 
severity in the groups. Thus, FMF severity does not seem to 
affect poor COVID-19 outcomes. The similar comorbidity 
rates between hospitalized and non-hospitalized COVID-19 
patients with FMF found in our study might be due to the 
low comorbidity rate in FMF patients. Low comorbidities 
are expected in FMF patients since they have lower mean age 
than patients with other inflammatory rheumatic diseases 
such as rheumatoid arthritis. Increased age was found the 
sole factor that may have an association with poor COVID-
19 outcomes by reason of higher mean age in hospitalized 
COVID-19 patients with FMF.

In a genetic study, while some pyrin mutations preva-
lent in patients with FMF (V726A, R761H) were also 
found in bat species and pangolin that are hosts of SARS-
CoV-2, other prevalent pyrin mutations associated with 
FMF (M694V, M680I) were not found in these hosts [8]. 
The variability of pyrin mutations that are observed in the 
reservoir and intermediate host species of SARS-CoV-2 
raises a hypothesis that a specific type of pyrin variants in 
patients with FMF might modulate cytokine response to the 
SARS-CoV-2 virus. This modulation may result in a differ-
ent outcome of COVID-19; hyperinflammation or protective 
inflammation. In our study, most FMF patients with COVID-
19 had MEFV mutation analysis results. We did not find 
any significant difference regarding homozygous and het-
erozygous rates according to the MEFV mutations between 
hospitalized and non-hospitalized patients. Moreover, allele 
frequencies were similar between the two groups.

We recruited FMF patients to our study in the second 
half of the pandemic (from June 2021 to February 2021). 
There have been advances in the treatment and supportive 
care of COVID-19 during this period. For this reason, we 
might have found severe COVID-19 outcomes at low rates. 
According to a recent cohort study, the rates of poor out-
comes related to COVID-19 in patients with rheumatic dis-
ease, such as invasive ventilation and death, have decreased 
over time but still remain substantial [30].

Our study has several limitations. First, this is a cross-
sectional study and has no control group. Therefore, no pre-
cise conclusions might be drawn. Second, 7 PCR ‘negative’ 
FMF patients were diagnosed as COVID-19 with typical 

Table 3  Allele frequency in MEFV gene mutations of the cohort and 
comparisons between hospitalized and non-hospitalized COVID-19 
patients with familial Mediterranean fever

* p value for hospitalized and non-hospitalized patient groups

Patients with 
genetic analysis  
(n: 604)

Hospitalized 
patients  (n: 
12)

Non-hospital-
ized patients  
(n: 47)

p*

M694V, n
 Allele 1 339 6 15 0.675
 Allele 2 129 4 6 0.232

M680I, n
 Allele 1 21 0 1 0.829
 Allele 2 66 0 2 0.680

E148Q, n
 Allele 1 14 0 4 0.444
 Allele 2 56 0 2 0.680

R202Q, n
 Allele 1 25 3 5 0.420
 Allele 2 85 0 5 0.352

V726A, n
 Allele 1 14 1 3 0.245
 Allele 2 64 0 0

R761H, n
 Allele 1 5 1 0 0.829
 Allele 2 4 0 0
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chest computerized tomography (CT) findings. This may be 
a diagnostic limitation. Third, because of the low number 
of poor COVID-19-related outcomes (12 hospitalization, 
4 oxygen support, no death), logistic regression analysis 
that may show predictors for poor outcomes could not be 
performed. However, a higher sample size than other FMF 
cohorts and the involvement of patients from several regions 
of our country that increase the generalizability of the results 
are important strengths of our study.

Conclusion

The COVID-19 rate was found as 7% in patients with FMF. 
The low rate of COVID-19 severe outcomes was detected 
(20% hospitalization, 6.7% need for oxygen support, 3.4% 
complication, no death) in FMF patients. Increased age was 
found as a as a possible associated factor with COVID-19 
related hospitalization in patients with FMF. FMF-related 
characteristics were not found to be associated with poor 
outcomes in COVID-19. Thus, FMF may not be a risk factor 
for poor COVID-19 outcomes. Conversely, the COVID-19 
course seems to be mild in FMF patients. Nevertheless, until 
stronger evidence accumulates, SARS-CoV-2-infected FMF 
patients should be well monitored and given medical care. 
Controlled and long-term clinical trials are needed for more 
precise interpretation.
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