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A B S T R A C T   

Introduction: The first wave of COVID-19 pandemic has disrupted almost all areas of the health care services to 
some extent throughout the world. Although the negative impact of COVID-19 on patients with autoimmune 
diseases has also been recognized, available data in this regard are limited. In the current study of the European 
Autoimmunity Standardisation Initiative (EASI) we aimed to provide reliable data on the extent of the impact of 
COVID-19 pandemic on test requests for different autoantibodies in European countries. 
Methods: Data on test numbers and on the number of positive results were collected in 97 clinical laboratories 
from 15 European countries on a monthly basis for the year before (2019) and the year during (2020) the COVID- 
19 pandemic. 
Results: A reduction in the number of autoantibody tests was observed in all European countries in the year 2020 
compared to 2019. The reduction affected all autoantibody tests with an overall decrease of 13%, ranging from 
1.4% (Switzerland) to 25.5% (Greece). In all countries, the decrease was most pronounced during the first wave 
of the pandemic (March–May 2020) with an overall decrease in those three months of 45.2%. The most affected 
autoantibodies were those commonly requested by general practitioners (anti-tTG IgA (− 71%), RF IgM (− 66%) 
and ACPA (− 61%)). In the second wave of the pandemic (October–December 2020) the decrease was less 
pronounced (6.8%). 
With respect to the rate of positive results, subtle differences were observed for distinct autoantibodies during the 
pandemic, but the total rate of positive results was similar in both years. 
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E-mail address: nagy.eszter@orfi.hu (E. Nagy).  

Contents lists available at ScienceDirect 

Autoimmunity Reviews 

journal homepage: www.elsevier.com/locate/autrev 

https://doi.org/10.1016/j.autrev.2021.102985 
Received 3 August 2021; Accepted 10 August 2021   

mailto:nagy.eszter@orfi.hu
www.sciencedirect.com/science/journal/15689972
https://www.elsevier.com/locate/autrev
https://doi.org/10.1016/j.autrev.2021.102985
https://doi.org/10.1016/j.autrev.2021.102985
https://doi.org/10.1016/j.autrev.2021.102985
http://crossmark.crossref.org/dialog/?doi=10.1016/j.autrev.2021.102985&domain=pdf


Autoimmunity Reviews 20 (2021) 102985

2

Conclusions: Our study demonstrated a strong decrease in autoantibody requests during the first wave of the 
COVID-19 pandemic in 15 European countries. The second wave was characterized by a less pronounced impact, 
with some participating countries hardly affected, while some other countries experienced a second decline. The 
decrease was clearly associated with the level of lock-down and with the required adjustments in the health care 
systems in different countries, supporting the importance of an effective strategy for the coordination of auto
immune testing in challenging situations as the COVID-19 pandemic.   

1. Introduction 

In Europe, the first patient with SARS-CoV-2 (COVID-19) infection 
was diagnosed on January 24, 2020, in France. Besides other incidental 
cases in several countries, clusters of cases were reported in the Northern 
regions of Italy on February 22, 2020. From then on, the pandemic 
gradually spread over the European continent. Italy was the first country 
to implement strict regulations to prevent further spreading of the SARS- 
CoV-2 on March 8, soon followed in the weeks thereafter by most other 
countries. After a couple of months, the infection rate declined and, 
hence, containment measures were reduced. However, in the autumn of 
2020 the number of infections gradually increased again and in com
bination with the spreading of more infectious SARS-CoV-2 variants, 
new containment measures and restrictions were installed (see timeline 
of the European Centre for Disease Prevention and Control (ECDC) on 
www.ecdc.europa.eu). 

The first wave of COVID-19 had an enormous impact on the health 
care system of the affected countries. In many countries general prac
tices were closed and due to the high demand on intensive care facilities 
and to prevent spreading towards patients with other diseases, the 
health service in hospitals was scaled down and specialist referrals 
delayed or postponed [1–8]. As a consequence of scarce resources dur
ing the pandemic, diagnoses for non-COVID-19 conditions may have 
been missed or delayed. During the second wave of COVID-19 the health 
care system was better prepared to face the challenges and, therefore, 
the measures taken in general practices and hospitals were less drastic 
than during the first wave. In this respect, in most countries attention 
was at first focused on patients with malignancies [9]. The problem of 
the fewer cancer diagnoses was faced in April 2020 by the Netherlands 
Comprehensive Cancer Organization who highlighted how the man
agement of low-risk malignancies (e.g., many skin cancers) might have 
slightly affected the quantity and quality of life, while the management 
of high risk malignancies (e.g., acute leukaemias) could not be post
poned [10]. 

Although the problem was also recognized for patients with chronic 
conditions such as autoimmune diseases, data illustrating this problem 
are limited to the Rare Diseases (RDs) [11]. RDs networks (such as the 
European Reference Networks) tried to manage the negative impact on 
the vulnerable patients with RDs developing plans to ensure the 
appropriate care also in case of future health emergencies. 

On one hand, there was a great scientific interest whether patients 
with autoimmune diseases were more at risk of having COVID-19 
[12–14] and on the other hand, whether SARS-CoV-2 virus could 
trigger the onset of autoimmune diseases [15–23]. In particular, the 
observation that patients with COVID-19 have an increased risk for 
thrombotic arterial and venous occlusions has hinted at the possible 
induction of the antiphospholipid syndrome (APS). In line with this 
hypothesis, some studies revealed that about half of the hospitalized 
patients become at least transiently positive for antiphospholipid (aPL) 
antibodies [24], although this was not confirmed by other studies 
[reviewed in 22]. At first, Gatto et al. showed that even if thrombosis is a 
frequent manifestation of COVID-19 infection, aPL antibodies or lupus 
anticoagulant (LAC) were not associated with thrombosis [25]. This has 
been confirmed by Borghi et al. who displayed also how aPL antibodies 
in COVID-19 patients are mainly directed against β2glycoprotein I 
(β2GPI domain 1 and 4–5) with an epitope specificity different from 
antibodies in APS [26]. Nevertheless, the possible relation between 

COVID-19 and induction of autoimmune diseases, especially APS, may 
have increased the number of requests for detection of autoantibodies, 
like aPL antibodies. 

In the current study of the European Autoimmunity Standardisation 
Initiative (EASI) we examined the effect of the COVID-19 pandemic on 
the requesting behavior for autoantibodies in 15 European countries. 
For this purpose clinical laboratories were addressed to provide the 
number of requests per month for 10 autoantibodies in the year before 
(2019) and the year during (2020) the COVID-19 pandemic. The se
lection of the type of autoantibodies was based on being among those 
more frequently requested by general practitioners (such as rheumatoid 
factor (RF), anti-citrullinated protein antibodies (ACPA) and anti-tissue 
transglutaminase (anti-tTG)), being relevant for diagnosis and follow-up 
of severe autoimmune diseases like systemic lupus erythematosus (SLE) 
and small vessel vasculitis, and being part of the APS-associated 
antibodies. 

2. Methods 

EASI conducted a pilot survey in October 2020 in three European 
laboratories (Hungary, Italy and the Netherlands) revealing a notable 
decrease in autoantibody testing in all three laboratories during the first 
wave of the COVID-19 pandemic. The results of this survey were pre
sented at the EASI meeting held on-line on 27th November 2020, 
together with the proposal to extend this survey to other European 
laboratories. The study plan and the list of autoantibodies to be included 
in the extended survey were prepared in agreement with the represen
tatives of the national EASI groups during the meeting. Autoantibodies 
for the survey were selected according the following criteria: their 
relevance in diagnosis and/or monitoring of severe autoimmune dis
eases like SLE and small vessel vasculitis (e.g. anti-double stranded-DNA 
- dsDNA; anti-neutrophil cytoplasmic antibodies - ANCA); as possible 
markers of COVID-19 associated autoimmune diseases (e.g. aPL anti
bodies, ANCA); tests widely requested by general practitioners in daily 
clinical practice (e.g. RF IgM, tTG IgA). Since the hypothesized associ
ation between the occurrence of aPL antibodies and the COVID-19 
associated coagulopathy may have influenced the evolution of aPL 
antibody requests, the inclusion of aPL antibodies was also warranted. 
According to the above mentioned selection criteria, the list of the au
toantibodies included in the study was: anti-dsDNA, anti-myeloperox
idase (MPO-ANCA) and anti-proteinase 3 (PR3-ANCA), ACPA, RF IgM, 
anti-cardiolipin IgG (aCL IgG), anti-cardiolipin IgM (aCL IgM), anti- 
β2GPI IgG, anti-β2GPI IgM, and anti-tTG IgA. 

With respect to the study coordination, a contact person from each 
national EASI group (n = 20) was addressed to gather the data. In some 
countries, lacking an official national EASI team, activities were covered 
by other societies (e.g., FIRMA in Italy, SSAI in Switzerland, or GEAI in 
Spain). 

Data on test numbers and on the number of positive results have been 
collected for the years 2019 and 2020 on a monthly basis for the above 
listed autoantibodies. In addition, information related to the test type 
and the cut-off level for the respective autoantibody could also be pro
vided (Supplementary fig. 1). A section with some additional questions 
regarding the lockdown time interval and the main causes of disruption 
with multiple choices was also included in the template. The inability to 
provide the number of positive results, although inclusion of such data 
was highly encouraged, was not considered an exclusion criterion. 
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The data collection template accompanied by a guide with in
structions was distributed mainly to laboratories associated with an 
EASI member. The excel-files completed by the participating labora
tories were collected by the representatives of the national EASI teams 
and sent to the study coordinators. Data were checked for consistency 
upon receiving, followed by a second survey with targeted questions in 
order to remove the possible biases caused by changes of organization 
(e.g., consolidation of laboratories) or by other interfering factors (e.g., 
change in the method or testing algorithm, participation in various 
research studies) during the study period. 

Descriptive statistics was performed using the statistical function of 
excel 2010 (Microsoft). 

Test numbers and the number of positive results were summarized 
for each country and for all participating countries as well, separately for 
individual autoantibodies and for all autoantibodies together. The 
impact on the test numbers was examined by comparing the number of 
requests per months of 2020 to the average number of monthly requests 
in 2019 and on a monthly basis between the two years in the whole 
cohort, but also for two separate three-month periods, corresponding to 
the first and the second pandemic waves (March–April-May and Octo
ber–November-December). The rate of positive results was analyzed in 
the same approach. 

3. Results 

3.1. Data acquisition 

Out of the 20 countries addressed, 15 returned the data collection 
template, revealing an overall response rate of 75%. In total, 99 labo
ratories provided their data. Data verification followed by the short 
survey to eliminate biases revealed the effect of other factors than 
COVID-19 in three cases. For one participant, a significant increase in 
test requests was observed in 2020 caused by merging of autoimmune 
tests from several laboratories; therefore, the data for the two years 
couldn’t be compared. For this reason, this laboratory was excluded 
from the study. One more participant was excluded due to incomplete 
data provision. Finally, for another laboratory, due to partial consoli
dation of autoimmune tests from other laboratories, only data for RF IgM 

and ACPA were applicable. Thus, data from 97 European laboratories 
were processed in total. The number of laboratories varied between 
countries, with a range of 1 (Portugal) to 23 (Italy). The list of partici
pating countries with laboratories providing test numbers for each 
autoantibody are summarized in the Supplementary table 1. This 
resulted in an unequal distribution of reported numbers of requests over 
the participating countries with Italy and Spain representing about 40% 
of the total test requests (Fig. 1). Also the number of test requests for the 
distinct autoantibodies showed large variation (Supplementary table 2). 
Tests for anti-tTG IgA (21%) and RF IgM (18%) were requested most 
frequently, while tests for IgG and IgM anti-β2GPI were ordered with the 
lowest frequency (~5%). 

3.2. Changes in total test request over time in participating countries 

In all European countries a reduction in the number of tests for the 10 
antibody tests considered was observed in the year 2020 compared to 
the previous year. The reduction affected all antibody tests with an 
overall decrease of 13%, ranging from 10 to 16%, except for anti-β2GPI 
IgG and IgM antibodies which recorded a smaller decrease (5–6%) 
(Table 1). The biggest drop was recorded in Greece (25.5%), followed by 
Hungary (23%), Croatia (22.5%) and Italy (18.3%). The smallest drop 
was recorded in Switzerland (1.4%), Estonia (2.5%), Sweden (3.4%), 
Portugal (3.7%) and France (4.4%). In all countries, however, the 
decline was most marked in the period March–May 2020 (first wave of 
the pandemic) with an overall decrease in those three months of 45.2% 
(Table 2A). In Hungary, Italy, Croatia and Spain the overall decrease 
during the first wave even exceeded 50%, while in Sweden and 
Switzerland the decrease was less than 25%. Within the first wave, the 
nadir was observed in April 2020, reaching a mean value of − 60.9% for 
the total number of requests. In the last quarter of the year (second wave 
of the pandemic) the overall decrease was only 6.8%. During the second 
wave Greece, Hungary and Croatia were most affected with a decrease in 
test requests of about 20–30%, while in Estonia (8%) and Portugal 
(10%) an overall increase was reported in October to December 2020 
(Table 2B). 
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Fig. 1. Reported numbers and relative distribution of requests over the participating countries for 2019 (blue column and upper row) and for 2020 (red column and 
bottom row). 
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3.3. Changes in test request for distinct autoantibodies over time in 
participating countries 

When taking all data from the participating countries together, the 
strong decrease in the first wave of the pandemic was evident for all 
autoantibodies included in this study (Table 2A). For all individual au
toantibodies the nadir was in April 2020 and varied between 46 and 
71% (Fig. 2). The most affected antibodies were those commonly 
requested by general practitioners, i.e. anti-tTG IgA (− 71%), RF IgM 
(− 66%) and ACPA (− 61%), but also requests for anti-dsDNA antibodies 
and ANCA were strongly reduced. In the second wave there was more 
diversity between countries and type of autoantibodies (Table 2B). 
Interestingly, in several countries the requests for aPL antibodies, in 
particular IgM and IgG anti-β2GPI antibodies, increased, while this was 
not or less the case for the other autoantibodies included in our study. 
This was most evident in Belgium, Estonia, Portugal, the Netherlands, 
Spain, and Switzerland. 

3.4. Changes in the relative amount of positive results 

Since it can be reasoned that patients with the most severe clinical 
manifestation were still allowed access to the health care system, this 
could have resulted in a selection of patients with a higher pre-test 
probability and, hence, a relative increase in positive results for auto
antibody tests. The vast majority of laboratories also collected data on 
positive results for the selected autoantibodies. When overall effects on 
the requesting numbers for those laboratories were compared to the 
whole set of participating laboratories, essentially the same patterns 
were observed for individual autoantibodies and individual countries 
(data not shown). From these data it was concluded that there was no 
substantial bias for the analyses of proportion of positive results. Though 
the total rate of positive results did not change between the two years, 
being 8.87% in 2019 and 8.91% in 2020, this finding differed according 
to the type of the antibody test. In the first wave a clear increase in the 
positive result rate was seen for MPO-ANCA, and to a lesser extend for 
anti-dsDNA, PR3-ANCA, anti-β2GPI IgM and anti-tTG IgA, while RF IgM 
and aCL IgG antibodies showed a more marked decrease (Fig. 3A). In the 
second wave a clear increase in the proportion of positive results was 
seen for aCL IgM antibodies, and to a lesser extend for MPO-ANCA, anti- 
β2GPI IgG and anti-tTG IgA. For anti-β2GPI IgM the proportion of pos
itive results strongly decreased during the second wave (Fig. 3B). 
Typically, the effects on the positive rate of aPL antibodies were opposite 
in the first wave as compared to the second wave with anti-β2GPI IgM 
antibodies deviating from the other three autoantibodies in terms of the 
direction of the effect. 

3.5. Changes in the organization of the health care system 

With respect to the main causes of healthcare disruption, 86 of the 97 
participating laboratories reported one or multiple factors, the most 
frequent being the closure or limitation of outpatient disease specific 
consultations and the closure of outpatient health care services by 
government decree (84.9% and 52.3%, respectively). The clinical or 
laboratory staff redeployment due to COVID-19 and the inadequacy of 
clinical or laboratory staff were estimated as lower (39.5% and 23.3%), 
while inaccessible inpatient services and other causes were reported less 
frequently (9.3% and 8.1%, respectively). 

4. Discussion 

The current EASI-study investigated the effect of the COVID-19 
pandemic on the number of requests for autoantibodies. Data were ac
quired from 97 laboratories in 15 European countries. Results revealed, 
in particular during the first wave of the pandemic, i.e., March – May 
2020, a strong decline in the number of requests. All participating 
countries and included autoantibodies were affected, but clear Ta
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differences between countries and autoantibodies were observed. The 
second wave of the pandemic, i.e., October – December 2020, only 
affected a restricted number of countries and also the effect on the 
number of requests was less as compared to the first wave. Overall, these 
data seem to be related to the degree the respective countries were 
affected by the pandemic and to the adaptations made in the health care 
system to contain the pandemic. 

Autoantibodies play an important role both in the diagnostic work- 

up for autoimmune diseases as well as in the follow-up of patients 
with established autoimmune diseases [27]. Therefore, it is tempting to 
speculate that the strong decline in autoantibody testing has a severe 
impact on patients with clinical manifestations associated with auto
immune diseases. First, diagnoses will be delayed in patients suspected 
of autoimmune diseases. The strongest declines were observed for au
toantibodies often requested by general practitioners (IgM RF, ACPA, 
and IgA tTG). General practitioners often request these tests to exclude a 
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disease, eventually resulting in rather low rates of positive results 
[28,29]. Consequently, the effect on missed diagnoses may be limited. 
Furthermore, the associated autoimmune diseases, being rheumatoid 
arthritis (RA) and celiac disease, normally do not have an acute onset. 
The diagnostic delay of several months may have only limited effects on 
irreversible damage due to the ongoing disease. SLE, ANCA-associated 
vasculitis (AAV), and APS, on the other hand, may have an acute 
onset. In these diseases a delayed diagnosis may have severe, and even 
life threatening, consequences. Evidently, the number of requests for the 
autoantibodies associated with these diseases were also strongly 
affected in the participating laboratories. Although it was anticipated 
that the proportion of positive results would increase because the 
remaining autoantibody requests were expected to be for patients with 
more severe clinical manifestations and, hence, a higher pre-test prob
ability, this effect was limited. Data on the number of delayed diagnoses 
for these diseases are currently lacking, but detection of anti-dsDNA 
antibodies and ANCA is also relevant for monitoring disease activity 
and predicting clinical relapses in the respective diseases. For prediction 
of clinical relapses in AAV, at least four ANCA measurements per year 
are considered optimal [30], but this number might have been reduced 
due to limited admission to the hospital. It is questionable if solid data 
on the effect of the COVID-19 pandemic on the clinical outcome of pa
tients with autoimmune diseases will ever become available, because of 

multiple confounders. Due to immunosuppressive treatment, these pa
tients may have an increased risk for becoming infected with SARS-CoV- 
2 and, depending on the type of treatment, may have an altered risk for 
admittance to an intensive care unit. For instance, treatment with anti- 
TNF biologicals in RA may reduce the risk on systemic inflammation, 
treatment with anti-coagulation in APS may reduce the risk on throm
botic complications, while treatment with cyclophosphamide or ritux
imab in AAV may prevent adequate clearance of the virus. Next, 
vaccination strategies in these patients may have resulted in adaptation 
of their therapy. In patients treated with rituximab, return of B-cells in 
the peripheral blood is considered important for adequate vaccination 
responses [31–33], but this contains the risk of increased disease ac
tivity, let aside the potential risk due to immune activation by the vac
cine itself. Altogether, although concise clinical information in our study 
is lacking, our data strongly indicate that the COVID-19 pandemic not 
only affected patients with malignancies, but also patients with (sus
pected) autoimmune diseases. 

As elaborated upon in the introduction, the observation of throm
botic events in patients infected with the SARS-CoV-2 virus has raised 
the possibility of a relation with the APS [reviewed in 22]. Although our 
data are not conclusive, it is striking that in several countries the number 
of requests for aPL antibodies increased in the second wave of the 
COVID-19 pandemic. This suggests that the awareness of a possible 
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relation with APS has increased the number of requests for these auto
antibodies. The increase in number of requests was associated with a 
higher proportion of aCL IgM antibodies, but a lower proportion of anti- 
β2GPI IgM antibodies. The clinical significance of these findings remains 
to be determined. Overall, IgM aPL antibodies are the least associated 
with APS and it has not been determined if positive results are persistent 
over time. Therefore, these data should not be over-interpreted. 

Our study on the effect of the COVID-19 pandemic on autoantibody 
testing has several limitations. First, there might have been a bias in the 
selection of participating laboratories. On the one hand, there was an 
imbalance in the number of participating laboratories and number of 
requests per country. In particular, Italy and Spain represented about 
40% of the total dataset. On the other hand, the laboratories selected for 
eventual participation were largely based on the national EASI-network 
(or equivalent thereof). Since EASI-members most often work in uni
versity laboratories specialized in autoimmune diagnostics, the results 
may not be representative for the whole country. Nevertheless, the data 
obtained seem to be rather consistent between laboratories of the same 
country and this also holds for the overall effects reported. Second, some 
of the autoantibodies investigated in our study are part of a testing al
gorithm. For instance, when there is clinical suspicion of SLE, testing for 
anti-dsDNA antibodies is advised if the HEp-2 indirect immunofluores
cence (IIF) test reveals a nuclear homogeneous pattern [34]. Similarly, 
although the international consensus on ANCA testing in AAV has been 
revised in 2017 [35], laboratories may not have implemented yet this 
new consensus and perform MPO- and PR3-ANCA as second-level tests 
after a positive ANCA IIF. Therefore, the number of anti-dsDNA test 
requests reported may represent patients that are not suspected of 
having SLE (low pre-test probability), while the number of MPO- and 
PR3-ANCA requests may represent patients that already have been 
selected based on a positive ANCA IIF (high pre-test probability). 
Obviously, this also will influence the proportion of positive results. 
However, it is to be expected that these effects will be equally distrib
uted over the years 2019 and 2020, since laboratories were questioned 
about possible changes in their testing algorithms during the study 
period. Third, in our current study we did not include data on the clinical 
background of the requesting physician, on the eventual diagnosis of the 
patient, or if the request was for diagnostic or follow-up purposes. 
Therefore, the interpretation and extrapolation of the data presented 
includes several assumptions. However, it is inevitable that general 
declines in autoantibody requests of ~60% at the nadir in April 2020 
may have had a strong impact on the care for patients with clinical 
manifestations related to autoimmune diseases. Finally, only general 
information about the national lock-down measures and related ad
justments in the health care system were asked for. The extent to which 
admission to general practitioners and hospitals was blocked, or re- 
allocation of clinicians specialized in autoimmune diseases to the care 
of patients with SARS-CoV-2 infections occurred, will have been 
different between countries. Actually, this could be an interesting study 
item because during the second wave several countries did not experi
ence a decline in the number of test requests for autoantibodies, while 
some other countries again revealed a significant drop in test requests. 
Although countries may have experienced different numbers of in
fections, knowledge of the adjustments made in the organization of the 
health care system in the first countries could be of help for the latter 
countries to keep-up the care of patients with (suspected) autoimmune 
diseases during a pandemic. 

In conclusion, our study demonstrates a strong decrease in autoan
tibody requests during the first wave of the COVID-19 pandemic in 15 
European countries. This decrease was clearly associated with the level 
of lock-down in the different countries and with the required adjust
ments in the health care systems. During the second wave of the 
pandemic, the decrease in autoantibody requests was less pronounced, 
but some countries were hardly affected, while other countries experi
enced a second decline. If future studies will analyze the reason for this 
difference, lessons could be learned about optimal organization of the 

health care system upon challenge by a pandemic. Certainly, what we 
have already learned is that in critical situations such as a pandemic, we 
should develop and apply priority criteria, establishing which antibodies 
based on the underlying disease are of an urgent nature and should 
therefore be sought even in emergency situations, and those which have 
no immediate clinical relevance and whose search can be deferred. 
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Spain; 

Goitzane Marcaida, Servicio de Laboratorio, Hospital General de 
Valencia, Spain; 

Laura Martínez Martínez, Servicio de Inmunología, Hospital de la 
Santa Creu i Sant Pau, Barcelona Spain; 
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Alvaro Prada Iñurrategui, Sección de Inmunología UGC Laboratorios 
Gipuzkoa, Hospital Universitario Donostia, Spain; 

Carmen Rodriguez, Servicio de Inmunología, mHospital Universitario 
Puerta del Mar Cádiz, Spain; 

Ricardo Rojo Amigo, Sección de Inmunología, Complejo Hospitalario 
Universitario A Coruña, Spain; 
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[8] Schäfer I, Hansen H, Menzel A, Eisele M, Tajdar D, Lühmann D, et al. The effect of 
COVID-19 pandemic and lockdown on consultation numbers, consultation reasons 
and performed services in primary care: results of a longitudinal observational 
study. BMC Fam Pract 2021;22:125. 

[9] Earnshaw CH, Hunter HJA, McMullen E, Griffiths CEM, Warren RB. Reduction in 
skin cancer diagnosis, and overall cancer referrals, during the COVID-19 pandemic. 
Br J Dermatol 2020;183:792–4. 

[10] Dinmohamed AG, Visser O, Verhoeven RHA, Louwman MWJ, van Nederveen FH, 
Willems SM, et al. Fewer cancer diagnoses during the COVID-19 epidemic in the 
Netherlands. Lancet Oncol 2020;21:750–1. 

[11] Talarico R, Marinello D, Cannizzo S, Gaglioti A, Ticciati S, Carta C, et al. Shaping 
the future of rare diseases after a Global Health emergency: Organisational points 
to consider. Int J Environ Res Public Health 2020;17:8694. 

[12] Akiyama S, Hamdeh S, Micic D, Sakuraba A. Prevalence and clinical outcomes of 
COVID-19 in patients with autoimmune diseases: a systematic review and meta- 
analysis. Ann Rheum Dis 2020;13. annrheumdis-2020-218946. 

[13] Wang Q, Liu J, Shao R, Han X, Su C, Lu W. Risk and clinical outcomes of COVID-19 
in patients with rheumatic diseases compared with the general population: a 
systematic review and meta-analysis. Rheumatol Int 2021;41:851–61. 

[14] Emmi G, Bettiol A, Mattioli I, Silvestri E, Di Scala G, Urban ML, et al. SARS-CoV-2 
infection among patients with systemic autoimmune diseases. Autoimmun Rev 
2020;19:102575. 

[15] Smatti MK, Cyprian FS, Nasrallah GK, Al Thani AA, Almishal RO, Yassine HM. 
Viruses and autoimmunity: a review on the potential interaction and molecular 
mechanisms. Viruses 2019;11:762. 

[16] Caso F, Costa L, Ruscitti P, Navarini L, Del Puente A, Giacomelli R, et al. Could 
Sars-coronavirus-2 trigger autoimmune and/or autoinflammatory mechanisms in 
genetically predisposed subjects? Autoimmun Rev 2020;19:102524. 

[17] Rodríguez Y, Novelli L, Rojas M, De Santis M, Acosta-Ampudia Y, Monsalve DM, 
et al. Autoinflammatory and autoimmune conditions at the crossroad of COVID-19. 
J Autoimmun 2020;114:102506. 

[18] Talotta R, Robertson E. Autoimmunity as the comet tail of COVID-19 pandemic. 
World J Clin Cases 2020;8:3621–44. 

[19] Ehrenfeld M, Tincani A, Andreoli L, Cattalini M, Greenbaum A, Kanduc D, et al. 
Covid-19 and autoimmunity. Autoimmun Rev 2020;19:102597. 

[20] Halpert G, Shoenfeld Y. SARS-CoV-2, the autoimmune virus. Autoimmun Rev 
2020;19:102695. 

[21] Gao ZW, Wang X, Lin F, Dong K. The correlation between SARS-CoV-2 infection 
and rheumatic disease. Autoimmun Rev 2020;19:102557. 

[22] Novelli L, Motta F, De Santis M, Ansari AA, Gershwin ME, Selmi C. The JANUS of 
chronic inflammatory and autoimmune diseases onset during COVID-19 - a 
systematic review of the literature. J Autoimmun 2021;117:102592. 

[23] Dotan A, Muller S, Kanduc D, David P, Halpert G, Shoenfeld Y. The SARS-CoV-2 as 
an instrumental trigger of autoimmunity. Autoimmun Rev 2021;20:102792. 

[24] Zuo Y, Estes SK, Ali RA, Gandhi AA, Yalavarthi S, Shi H, et al. Prothrombotic 
autoantibodies in serum from patients hospitalized with COVID-19. Sci Transl Med 
2020;12:eabd3876. 

[25] Gatto M, Perricone C, Tonello M, Bistoni O, Cattelan AM, Bursi R, et al. Frequency 
and clinical correlates of antiphospholipid antibodies arising in patients with 
SARS-CoV-2 infection: findings from a multicentre study on 122 cases. Clin Exp 
Rheumatol 2020;38:754–9. 

[26] Borghi MO, Beltagy A, Garrafa E, Curreli D, Cecchini G, Bodio C, et al. Anti- 
phospholipid antibodies in COVID-19 are different from those detectable in the 
anti-phospholipid syndrome. Front Immunol 2020;11:584241. 

[27] Damoiseaux J, Andrade LE, Fritzler MJ, Shoenfeld Y. Autoantibodies 2015: from 
diagnostic biomarkers toward prediction, prognosis and prevention. Autoimmun 
Rev 2015;14:555–63. 

[28] Avery TY, van de Cruys M, Austen J, Stals F, Damoiseaux JG. Anti-nuclear 
antibodies in daily clinical practice: prevalence in primary, secondary, and tertiary 
care. J Immunol Res 2014;2014:401739. 

[29] Damoiseaux M, van Doorn W, van Lochem E, Damoiseaux J. Testing for IgA anti- 
tissue transglutaminase in routine clinical practice: requesting behaviour in 
relation to prevalence of positive results. J Transl Autoimmun 2020;3:100045. 

[30] Kemna MJ, Damoiseaux J, Austen J, Winkens B, Peters J, van Paassen P, et al. 
ANCA as a predictor of relapse: useful in patients with renal involvement but not in 
patients with nonrenal disease. J Am Soc Nephrol 2015;26:537–42. 

[31] Bijlsma JW. EULAR December 2020 view points on SARS-CoV-2 vaccination in 
patients with RMDs. Ann Rheum Dis 2021;80:411–2. 

[32] Curtis JR, Johnson SR, Anthony DD, Arasaratnam RJ, Baden LR, Bass AR, et al. 
American College of Rheumatology guidance for COVID-19 vaccination in patients 
with rheumatic and musculoskeletal diseases – version 1. Arthritis Rheumatol 
2021;73:1093–107. 

[33] Bonelli MM, Mrak D, Perkmann T, Haslacher H, Aletaha D. SARS-CoV-2 
vaccination in rituximab-treated patients: evidence for impaired humoral but 
inducible cellular immune response. Ann Rheum Dis 2021;80:1355–6. 

[34] Agmon-Levin N, Damoiseaux J, Kallenberg C, Sack U, Witte T, Herold M, et al. 
International recommendations for the assessment of autoantibodies to cellular 
antigens referred to as anti-nuclear antibodies. Ann Rheum Dis 2014;73:17–23. 

[35] Bossuyt X, Cohen Tervaert JW, Arimura Y, Blockmans D, Flores-Suárez LF, 
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