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ABSTRACT
Objective. To analyse the frequency 
and characteristics of post-COVID-19 
syndrome in patients with primary 
Sjögren’s syndrome (pSS) affected by 
acute SARS-CoV-2 infection.
Methods. By the first week of April 
2021, all centres included in the Big 
Data Sjögren Consortium were con-
tacted asking for patients included in 
the Registry diagnosed with SARS-
CoV-2 infection according to the ECDC 
guidelines. According to the NICE defi-
nitions, symptoms related to COVID-19 
were classified as acute COVID-19 
(signs and symptoms for up to 4 weeks), 
ongoing symptomatic COVID-19 (pres-
ence of signs and symptoms from 4 to 
12 weeks) and post-COVID-19 syn-
drome (signs and symptoms that con-
tinue for >12 weeks not explained by 
an alternative diagnosis after a proto-
colised study).
Results. We identified 132 patients 
who were followed a mean follow-up 
of 137.8 days (ranging from 5 days to 
388 days) after being diagnosed with 
COVID-19. In the last visit, 75 (57%) 
patients remained symptomatic: 68 
(52%) remained symptomatic for more 
than 4 weeks fulfilling the NICE defi-
nition for ongoing symptomatic post-
COVID-19, and 38 (29%) remained 
symptomatic for more than 12 weeks 
fulfilling the definition of post-COV-
ID-19 syndrome. More than 40% of pSS 
patients reported the persistence of four 
symptoms or more, including anxiety/
depression (59%), arthralgias (56%), 
sleep disorder (44%), fatigue (40%), 
anosmia (34%) and myalgias (32%). 
Age-sex adjusted multivariate analy-
sis identified raised LDH levels (OR 

10.36), raised CRP levels (OR 7.33), 
use of hydroxychloroquine (OR 3.51) 
and antiviral agents (OR 3.38), hospi-
tal admission (OR 8.29), mean length 
of hospital admission (OR 1.1) and re-
quirement of supplemental oxygen (OR 
6.94) as factors associated with a high-
er risk of developing post-COVID-19 
syndrome. A sensitivity analysis includ-
ing hospital admission in the adjusted 
model confirmed raised CRP levels (OR 
8.6, 95% CI 1.33–104.44) and use of 
hydroxychloroquine (OR 2.52, 95% CI 
1.00–6.47) as the key independent fac-
tors associated with an enhanced risk of 
developing post-COVID-19 syndrome.
Conclusion. This is the first study that 
analyses the frequency and character-
istics of post-COVID-19 syndrome in 
patients affected by a systemic autoim-
mune disease. We found that 57% of pa-
tients with pSS affected by COVID-19 
remain symptomatic after a mean fol-
low-up of 5 months. The risk of devel-
oping post-COVID-19 syndrome in pa-
tients who required hospitalisation was 
8-times higher than in non-hospitalised 
patients, with baseline raised CRP lev-
els and the use of hydroxychloroquine 
being independent risk factors for post-
COVID-19.

Introduction
Primary Sjögren’s syndrome (pSS) 
is a systemic autoimmune disease 
overwhelmingly diagnosed in women 
(>95%), in two-thirds of cases aged 
between 30 and 60 years old (1). Im-
mune-mediated inflammation of the 
exocrine glands causes secretory gland 
dysfunction, leading to dryness of the 
main mucosal surfaces. Sicca symp-
toms are accompanied in a significant 
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number of cases by a wide variety of 
systemic manifestations, including the 
autoimmune damage of internal organs 
(2). Therefore, SS is a serious disease, 
with a substantial impact on the quality 
of life (QoL) (3), the development of 
organ-specific damage that may end in 
chronic failure of internal organs, and a 
high risk of development of haemato-
logical cancer (4).
COVID-19 is an infectious disease 
caused by a novel coronavirus identi-
fied at the end of 2019 that was named 
“severe acute respiratory syndrome 
coronavirus 2” (SARS-CoV-2) that is 
most commonly spread via respira-
tory route after a close person to person 
contact (5). The disease was declared a 
pandemic by the WHO on March 11, 
2020, and has a very wide clinical spec-
trum, ranging from asymptomatic cases 
(accounting for a substantial proportion 
of infections) to severe infections con-
sisting of bilateral pneumonia that, in 
some cases, may progress to respiratory 
failure, multi-organ failure, and death 
(6,7). Several studies have identified 
baseline features related to a poor prog-
nosis, including some epidemiological 
(male gender, older age, non-White 
people) and clinical (comorbidities) 
features (8). Patients with systemic au-
toimmune diseases have an increased 
risk of having a worse evolution of 
SARS-CoV-2 infection and are consid-
ered as a high-risk group for developing 
a more complicated COVID-19 (9).
Similar to other post-acute viral syn-
dromes, there are increasing reports of 
prolonged or persistent symptoms after 
acute COVID-19 (10). Recently, the 
National Institute for Health and Care 
Excellence (NICE) guidelines have 
defined post-COVID-19 syndrome as 
the persistence for >12 weeks of those 
signs and symptoms developed during 
the acute infection, without a reason-
able explanation by an alternative diag-
nosis (11). Recently-published guide-
lines focused on the management of 
long COVID-19 in a primary care set-
ting have also endorsed the use of these 
terms and definitions recommended by 
the NICE (12). 
Very few studies have analysed the im-
pact of SARS-CoV-2 infection in pa-
tients with pSS (13-15), and none has 

evaluated the development of the post-
COVID-19 syndrome. The objective of 
this study was to analyse the frequency 
and characteristics of the post-COV-
ID-19 syndrome in patients with pSS af-
fected by acute SARS-CoV-2 infection.

Methods
Patients
The Big Data Sjögren Consortium is 
an international, multicentre registry 
designed in 2014 to take a “high-defi-
nition” picture of the main features of 
pSS using a worldwide data-sharing co-
operative merging of pre-existing clini-
cal SS databases from leading centres 
in clinical research in SS from the five 
continents (see reference 1 for addition-
al methodological details). Inclusion 
criteria are the fulfilment of the 2002 
classification criteria (16), and since 
2017, patients were evaluated according 
to the 2016 ACR/EULAR criteria (17).

Design
By the first week of April 2021, all cen-
tres included in the Big Data Consor-
tium were contacted via email by MRC 
asking for patients included in the Reg-
istry diagnosed with SARS-CoV-2 in-
fection defined according to the ECDC 
guidelines (18). Only probable and 
confirmed ECDC cases were includ-
ed in the study. We excluded patients 
presenting with suggestive symptoms 
without any objective test suggesting 
COVID-19 infection, patients in whom 
the results of the diagnostic tests were 
not available/reachable (and therefore, 
case definition cannot be applied), 
and those with concomitant infectious 
processes at the time of SARS-CoV-2 
infection diagnosis. Data about COV-
ID-19 infection were retrospectively 
extracted from electronic health re-
cords by use of a standardised de-iden-
tified data collection form described in 
a previous manuscript (15). At the last 
visit of follow-up after the diagnosis of 
SARS-CoV-2 infection, patients were 
asked by the physician in charge about 
the presence or absence of the main 
symptoms related to SARS-CoV-2 in-
fection (12). Symptoms were clustered 
following an organ-specific classifica-
tion into 6 main categories (general, 
respiratory, musculoskeletal, ear-nose-

throat (ENT), digestive and neurologi-
cal symptoms). We used the following 
NICE definitions based on the effects of 
COVID-19 at different time points (11): 
acute COVID-19 (signs and symptoms 
for up to 4 weeks), ongoing sympto-
matic COVID-19 (presence of signs 
and symptoms from 4 to 12 weeks) and 
post-COVID-19 syndrome (signs and 
symptoms that continue for > 12 weeks 
not explained by an alternative diagno-
sis after a protocolised study) (11).

Statistical analysis
Descriptive data are presented as mean 
and standard deviation (SD) for con-
tinuous variables and numbers and 
percentages (%) for categorical vari-
ables. The Chi-square test was used 
to study the main features related to 
acute SARS-CoV-2 infection. The t-
test was used to compare the mean age 
at diagnosis and duration of the hospi-
tal discharge. Logistic multivariate re-
gression models adjusting for age and 
sex (the key prognostic markers for a 
more complicated COVID-19 infec-
tion) were constructed to analyse inde-
pendent factors associated with the ful-
filment of criteria of post-COVID-19 
syndrome at the last visit in compari-
son with patients who were asympto-
matic. A sensitivity analysis was per-
formed considering logistic multivari-
ate regression models adjusted for age, 
sex and hospital admission. Heat maps 
were used to identify patterns about 
the frequency of the main symptoms 
reported at the time of diagnosis of 
acute infection, and how the frequency 
varied in the last visit of follow-up. To 
handle missing data due to non-evalu-
ated features, “available case analysis” 
was assumed. All significance tests 
were two-tailed, and values of p<0.05 
were considered significant. All analy-
ses were conducted using the R v.3.5.0 
for Windows statistical software pack-
age (https://www.R-project.org/).

Results
We identified 162 patients with pSS 
and SARS-CoV-2 infection in the Big 
Data Sjögren Cohort. After excluding 
asymptomatic patients, those who died 
and patients lacking a follow-up (Sup-
plementary Fig. S1), we finally selected 
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132 patients who were followed after 
being diagnosed with COVID-19 (Ta-
ble I). There were 126 women and 6 
men, with a mean age of 54.8 years; the 
frequencies of the main SS-related fea-
tures were 94.7% for dry eye, 93.2% for 
dry mouth, 79.1% for abnormal ocular 
tests, 69.2% for abnormal oral diag-
nostic tests, 90.1% for positive minor 
salivary gland biopsy, 79.1% for anti-
Ro antibodies and 40.5% for anti-La 
antibodies. 

Characterisation of COVID-19
Table I summarises the main baseline 
features of patients with pSS at the 
time of being diagnosed with COV-
ID-19. Comorbidities were reported 
in 69 (52%) patients, mainly hyperten-
sion, chronic pulmonary disease, and 
obesity. According to the microbio-
logical studies, 114 (86%) were clas-
sified as confirmed infections (positive 
PCR result in 109, positive serological 
studies in 5) and 18 (14%) as probable 
infections. In 70 patients, results from 
radiological studies could be collected. 
Chest radiographs showed no pulmo-
nary opacities (39%), unilateral (10%) 
or bilateral (51%) airspace opacities. 
The disease was managed at home in 
98 (74%) cases (close follow-up by 
GPs or by hospital at home programs), 
and the remaining 34 (26%) patients 
required hospitalisation. Among the 
34 patients who were hospitalised, 21 
(62%) required supplemental oxygen, 
and 3 (9%) required non-invasive or in-
vasive ventilation. The main symptoms 
related to acute SARS-CoV-2 infection 
are summarised in Table II.
Figure 1A summarises the frequency 
of symptoms related to acute SARS-
CoV-2 infection in the entire cohort 
and the separated frequencies reported 
by patients managed at home and by 
those who required hospital admission.

Symptoms of COVID-19 at the last visit
After a mean follow-up of 137.8 days 
(ranging from 5 days to 388 days), 
57 (43%) patients were asymptomatic 
(recovered patients), and 75 (57%) re-
mained symptomatic at the last visit 
of follow-up; 18 patients reported one 
symptom, 15 two, 11 three and 31 four 
symptoms or more. 

Table II summarises the frequency of 
individual and clustered symptoms at 
the time of acute infection and at the 
last visit of follow-up, differentiating 
between persistent and new symptoms. 
Among the most frequently reported 
persistent symptoms, the highest fre-
quencies were reported for anxiety/
depression (59%), arthralgias (56%), 
sleep disorder (44%), fatigue (40%), 
anosmia (34%) and myalgias (32%). 
Persistent symptoms were clustered 
as neuropsychological (47%), muscu-
loskeletal (40%), general (34%), ENT 
(34%), respiratory (31%) and diges-
tive (11%) symptoms. In addition, 12 
patients developed new symptoms (not 
reported during the acute infection); 
the most common were fatigue (n=6), 
memory loss (n=5), anxiety/depression 
(n=5), arthralgias (n=4), weight loss 
(n=3) and sleep disorder (n=3).
Figure 1B summarises the frequency of 
symptoms reported by the patients at the 
last visit in the entire cohort and the sep-
arated frequencies reported by patients 
who were managed at home and by 
those who required hospital admission.

Post-COVID-19 syndrome
Among the 75 patients who remained 
symptomatic at the last follow-up visit, 
68 had a follow-up higher than 4 weeks 
fulfilling the NICE definition for ongo-
ing symptomatic COVID-19, and 38 
had a follow-up higher than 12 weeks 
fulfilling the NICE definition of post-
COVID-19 syndrome (Suppl. Fig. S1). 
We analysed the predictive value of 
baseline features at the time of acute 
infection for the development of post-
COVID-19 syndrome (Suppl. Table S1). 
Age-sex adjusted multivariate analysis 
identified raised LDH levels (OR 10.36, 
95% CI 1.97–79.56), raised CRP levels 
(OR 7.33, 95% CI 1.52–56.82), use of 
hydroxychloroquine (OR 3.51, 95% CI 
1.50–8.55) and antiviral agents (OR 
3.38, 95% CI 1.26–9.65), hospital ad-
mission (OR 8.29, 95% CI 2.74–29.21), 
mean length of hospital admission (OR 
1.1, 95% CI 1.03-1.2) and requirement 
of supplemental oxygen (OR 6.94, 95% 
CI 2.03–29.02) as factors associated 
with a higher risk of developing post-
COVID-19 syndrome (Suppl. Table 
S1). Among SS diagnostic criteria and 

Table I. Main features of COVID-19 in 132 
patients with pSS. 
		
Variable	 n	 %

Age, years (mean ± SD)	 54.8 ± 13.9
Sex		
   Male	 6	 4.5
   Female	 126	 95.5
Country		
   Spain 	 33	 25.0
   Turkey	 20	 15.2
   Italy	 20	 15.2
   France	 9	 6.8
   Brazil 	 18	 13.6
   Portugal	 16	 12.1
   Others	 16	 12.1
Comorbidities		
Any	 69	 52.3
Cardiovascular disease	 15	 11.4
Pulmonary disease	 24	 18.2
Smoking (past/active)	 23	 17.4
Hypertension	 38	 28.8
Diabetes Mellitus	 9	 6.8
Obesity	 18	 13.6
Cancer history	 8	 6.1
Renal failure	 2	 1.5
Sjögren’s  criteria		
Dry eye	 125	 94.7
Dry mouth	 123	 93.2
Positive ocular tests 	 87/110	 79.1
Positive oral tests	 45/65	 69.2
Salivary gland biopsy (positive)	 82/91	 90.1
Ro antibodies	 102/129	 79.1
La antibodies	 51/126	 40.5
Baseline SS-related therapies		
Any	 82	 62.1
Hydroxychloroquine	 56	 42.4
Corticosteroids	 31	 23.5
Immunosuppressants	 32	 24.2
Biological therapies	 11	 8.3
Positive contact tracing		
   Family	 51	 38.6
   Work (b)	 13	 9.8
   Social	 7	 5.3
   School	 1	 0.8
   Healthcare	 10	 7.6
   Not identified	 50	 37.9
COVID diagnosis confirmation		
   PCR+	 109	 82.6
   Serology+	 5	 3.8
   Not tested	 18	 13.6
Fever (≥ 38ºC) 	 49/90	 54.4
Respiratory rate (≥ 20BPM) 	 27/61	 44.3
Baseline O2 saturation (%)		
≤95%	 33/83	 39.8
≤90%	 13/83	 15.7
Radiological features		
   No infiltrates	 27/70	 38.6
   Unilateral pulmonary infiltrate	 7/70	 10.0
   Bilateral pulmonary infiltrates	 36/70	 51.4
Laboratory parameters		
Haemoglobin value  <12 g/l	 13/68	 19.1
Platelets count <150000/mm3	 3/68	 4.4
White cells count <4000/mm3	 6/67	 9.0
Lymphocytes count <1000/mm3	 36/66	 54.5
Raised D Dimer levels	 32/51	 62.7
Raised LDH levels	 30/55	 54.5
Raised ferritin levels	 18/40	 45.0
Raised liver enzymes levels	 10/62	 16.1
Raised CRP levels	 48/66	 72.7
COVID-19 treatment		
Hydroxychloroquine	 61	 46.2
Azithromycin	 34	 25.8
Oral prednisone	 36	 27.3
Intravenous methylprednisolone	 10	 7.6
Antiviral agents	 25	 18.9
Tocilizumab	 2	 1.5
Management		
   Home	 98	 74.2
   Hospital admission	 34	 25.8
Hospital discharge days after covid dx	     3.2 ± 7.6 
   (mean ± SD)		
Complications during admission		
Supplemental oxygen	 21/34	 61.8
Non-invasive ventilation	 3/34	 8.8
Invasive ventilation	 1/34	 2.9
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related therapies, underlying treatment 
with hydroxychloroquine was associ-
ated with a higher risk of developing 
post-COVID-19 syndrome, although 
there were no statistically-significant 
differences in the adjusted model (Sup-
pl. Table S2). As most risk factors were 
linked to hospital admission, we carried 
out a sensitivity analysis including hos-
pital admission in the adjusted model, 
confirming raised CRP levels (OR 8.6, 
95% CI 1.33–104.44) and use of hy-
droxychloroquine (OR 2.52, 95% CI 
1.00–6.47) as independent factors asso-
ciated with an enhanced risk of devel-
oping post-COVID-19 syndrome after 

adjusting for age, sex, and requirement 
of hospital admission (Table III).
Figure 1C summarises the frequency 
of symptoms reported by patients with 
post-COVID-19 syndrome and the sep-
arated frequencies reported by those 
who were managed at home and those 
who required hospital admission.

Discussion
The current evidence on the impact of 
COVID-19 in patients with systemic 
autoimmune diseases suggests that 
these patients have an increased risk 
of worse outcomes, including a greater 
risk of hospitalisation/ICU admission 

and lower survival. Therefore, these 
patients are considered as a high-risk 
group for a more complicated COV-
ID-19, especially men, elderly patients, 
and those with underlying comorbidi-
ties (cardiovascular, pulmonary or re-
nal chronic diseases), while other stud-
ies have also identified some baseline 
therapies (corticosteroids, rituximab) 
and a moderate/high activity at the time 
of diagnosis of SARS-CoV-2 infection 
as additional risk factors for a worse 
evolution of COVID-19 (9). Few spe-
cific data are available for individual 
systemic autoimmune diseases. In pSS, 
two studies have evaluated the impact 

Table II. Symptoms related to acute COVID-19, active symptoms reported at the last visit, persistent symptoms and new symptoms at the 
last visit.
	 			 
	 Acute SARS-CoV-2	 Active symptoms	 Persistent symptoms	 New symptoms
	 infection	 at the last visit	 at the last visit	 at the last visit*
	 N (%)	 n (%)	 n/N (%)	 new/n (%)

Total features (any)	 132 	(100)	 75 	 (56.8)	 75/132 	(56.8)	   None
Respiratory features (any)	 87 	(65.9)	 29 	 (22)	 27/87 	(31)	 2/29 	(6.9)
Cough	 75 	(56.8)	 14 	 (10.6)	 13/75 	(17.3)	 1/14 	(7.1)
Dyspnoea	 49 	(37.1)	 13 	 (9.8)	 13/49 	(26.5)	 None
Expectoration sputum production	 11 	(8.3)	 4 	 (3)	 2/11 	(18.2)	 2/4 	(50)
Chest pain	 26 	(19.7)	 6 	 (4.5)	 4/26 	(15.4)	 2/6 	(33.3)
General features (any)	 113 	(85.6)	 42 	 (31.8)	 39/113 	(34.5)	 3/42 	(7.1)
Fever	 69 	(52.3)	 1 	 (0.8)	 1/69 	(1.4)	 None
Fatigue	 91 	(68.9)	 42 	 (31.8)	 36/91 	(39.6)	 6/42 	(14.3)
Chills	 26 	(19.7)	 3 	 (2.3)	 3/26 	(11.5)	 None
Wheezing	 8 	(6.1)	 0 	 (0)	 0/8 	(0)	 None
Syncope	 4 	(3)	 1 	 (0.8)	 0/4 	(0)	 1/1 	(100)
Bloating	 3 	(2.3)	 0 	 (0)	 0/3 	(0)	 None
Musculoskeletal features (any)	 75 	(56.8)	 33 	 (25)	 30/75 	(40)	 3/33 	(9.1)
Myalgias	 72 	(54.5)	 25 	 (18.9)	 23/72 	(31.9)	 2/25 	(8)
Arthralgias	 50 	(37.9)	 32 	 (24.2)	 28/50 	(56)	 4/32 	(12.5)
ENT features (any)	 84 	(63.6)	 30 	 (22.7)	 29/84 	(34.5)	 1/30 	(3.3)
Sore throat	 40 	(30.3)	 9 	 (6.8)	 8/40 	(20)	 1/9 	(11.1)
Dysgeusia	 54 	(40.9)	 16 	 (12.1)	 16/54 	(29.6)	 None
Anosmia	 59 	(44.7)	 20 	 (15.2)	 20/59 	(33.9)	 None
Runny nose	 26 	(19.7)	 6 	 (4.5)	 4/26 	(15.4)	 2/6 	(33.3)
Haemoptysis	 4 	(3)	 0 	 (0)	 0/4 	(0)	 None
Ear pain	 10 	(7.6)	 3 	 (2.3)	 3/10 	(30)	 None
Digestive features (any)	 73 	(55.3)	 10 	 (7.6)	 8/73 	(11)	 2/10 	(20)
Anorexia lack of appetite	 45 	(34.1)	 5 	 (3.8)	 5/45 	(11.1)	 None
Diarrhoea	 39 	(29.5)	 1 	 (0.8)	 1/39 	(2.6)	 None
Nausea	 29 	(22)	 2 	 (1.5)	 2/29 	(6.9)	 None
Vomiting	 9 	(6.8)	 0 	 (0)	 0/9 	(0)	 None
Weight loss	 23 	(17.4)	 4 	 (3)	 1/23 	(4.3)	 3/4 	(75)
Abdominal pain	 22 	(16.7)	 5 	 (3.8)	 3/22 	(13.6)	 2/5 	(40)
Neurological features (any)	 72 	(54.5)	 37 	 (28)	 34/72 	(47.2)	 3/37 	(8.1)
Altered consciousness confusion	 9 	(6.8)	 1 	 (0.8)	 0/9 	(0)	 1/1 	(100)
Headache 	 59 	(44.7)	 14 	 (10.6)	 14/59 	(23.7)	 None
Attention disorder	 13 	(9.8)	 10 	 (7.6)	 8/13 	(61.5)	 2/10 	(20)
Memory loss	 8 	(6.1)	 11 	 (8.3)	 6/8 	(75)	 5/11 	(45.5)
Anxiety depression	 27 	(20.5)	 21 	 (15.9)	 16/27 	(59.3)	 5/21 	(23.8)
Sleep disorder	 27 	(20.5)	 15 	 (11.4)	 12/27 	(44.4)	 3/15 	(20)
Conjunctivitis red eyes	 11 	(8.3)	 5 	 (3.8)	 5/11	 (45.5)	 None
Hair loss	 8 	(6.1)	 8 	 (6.1)	 7/8 	(87.5)	 1/8 	(12.5)

*Symptoms that were not present at the time of acute infection.				  
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of the pandemic in people affected by 
the disease (13, 14), and only one has 
described the phenotype of SARS-
CoV-2 infection in 51 patients with 
pSS (15). This study confirmed that the 
main baseline features associated with a 
more complicated infection were simi-
lar to that identified in non-SS studies, 
including older age, male sex, chronic 
comorbidities (pulmonary/kidney dis-
eases), pneumonia (respiratory symp-
toms and pulmonary infiltrates) and 
lymphopenia (19).
Until now, there are no studies that have 
evaluated the persistence of symptoms 
related to acute SARS-CoV-2 infection 
in patients with autoimmune diseases, 
including pSS. This is the first study 
that has evaluated persistent COVID-
19-related symptoms in patients with 
pSS following acute SARS-CoV-2 in-
fection, and we found that after a mean 
follow-up of 5 months, 57% remained 
symptomatic at the last visit of follow-
up. Several studies have analysed the 
frequency of persistent symptoms in 
people without autoimmune diseases, 
reporting a wide interval of frequen-
cies ranging from 13% to 70%. The 
lack of a scientifically accepted defini-
tion, together with the limited available 
evidence and the wide methodological 
differences among studies, may explain 
that wide range of reported figures (12). 
The largest study has evaluated persis-
tence of symptoms in >4,000 people 
through a mobile application, reporting 
figures of 13.3% at 4 weeks, 4.5% at 8 
weeks and 2.3% at 12 weeks (20). In 
contrast, two other studies have report-
ed a frequency of persistent symptoma-
tology like that found in our study. Man-
dal et al. (21) evaluated 180 individuals 
after symptomatic COVID-19 follow-
ing a similar design to our study and 
reported that after a mean follow-up of 
125 days, 53% had at least one persis-
tent symptom, in particular fatigue, loss 
of smell and taste, and arthralgia. The 
second study was carried out in 1655 
patients with COVID-19 who required 
hospitalisation reported that 76% of 
patients remained symptomatic after 
6 months of follow-up, of which 63% 
were associated with fatigue or muscle 
weakness (22). Unfortunately, the wide 
variation in the study design, popula-

Fig. 1A: Frequency of symptoms related to acute SARS-CoV-2 infection in the entire cohort and the sep-
arated frequencies reported by patients managed at home and by those who required hospital admission. 
B: Frequency of symptoms reported by the patients at the last visit in the entire cohort and the sepa-
rated frequencies reported by patients who were managed at home and by those who required hospital 
admission. 
C: Frequency of symptoms reported by patients with post-COVID-19 syndrome and the separated 
frequencies reported by those who were managed at home and those who required hospital admission.
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tions evaluated (unselected, or specifi-
cally studied in a particular speciality or 
pathology) and symptom identification 
(self-report, a medical evaluation with 
or without tests), together with the lack 
of internationally accepted definitions, 
has resulted in such a high level of het-
erogeneity that it makes overall analy-
sis and, even more, meta-analysis, very 
difficult (12). 
We identified neuropsychological 
(47%), musculoskeletal (40%) and 

general (34%) features among the most 
frequent persistent symptoms, rather 
than others more closely related to the 
involvement of the respiratory tract by 
the infection such as ENT (34%) and 
respiratory (31%) manifestations. By 
organ, the main long-term manifesta-
tions observed in other coronaviruses 
(SARS, MERS) have very clear patho-
logical parallels with SARS-CoV-2, 
with respiratory, musculoskeletal and 
neuropsychiatric features being the 

most frequent persistent features (23, 
24). Structuring this wide variety of 
symptoms and alterations that some 
COVID-19 patients may present after 
recovery from acute infection into syn-
dromes that can reasonably group them 
medically for a better management and 
identification is challenging. Some 
studies have suggested differentiated 
syndromes relating to some symptoms 
or groups of prominent symptoms, such 
as general symptoms around fatigue, 

Table III. Baseline factors related to the development of post-COVID-19 syndrome in pSS patients.
					   
	 Post-COVID-19 	 Recovered	 p-value	 Unadjusted OR	 Adjusted OR
	 syndrome (n=38) 	 patients (n=57)	  	 [95%CI]	  [95%CI]* 

Age, years (mean, range)	 54.3 ± 13.3	 56.6 ± 14.9	 0.443	 0.99 	[0.96-1.02]	 0.97 	[0.93-1.00]
Sex, male	 2 	(5.3)	 3 	(5.3)	 1.000	 1.00 	[0.13-6.32]	 0.60 	[0.06-4.50]
Continent, Europe	 34 	(89.5)	 45 	(78.9)	 0.288	 2.27 	[0.72-8.67]	 2.16 	[0.60-9.56]

Comorbidities					   
Cardiovascular disease	 5 	(13.2)	 7 	(12.3)	 1.000	 1.08 	[0.30-3.68]	 0.74 	[0.15-3.42]
Pulmonary disease	 7 	(18.4)	 10 	(17.5)	 1.000	 1.06 	[0.35-3.06]	 0.82 	[0.22-2.84]
Smoking (past/active)	 7 	(18.4)	 11 	(19.3)	 1.000	 0.94 	[0.32-2.67]	 0.96 	[0.27-3.17]
Hypertension	 11 	(28.9)	 15 	(26.3)	 0.963	 1.14 	[0.45-2.84]	 1.48 	[0.49-4.48]
Diabetes Mellitus	 4 	(10.5)	 3 	(5.3)	 0.575	 2.12 	[0.44-11.31]	 1.48 	[0.24-9.77]
Obesity	 6 	(15.8)	 5 	(8.8)	 0.472	 1.95 	[0.54-7.27]	 2.13 	[0.52-9.00]
Cancer history	 2 	(5.3)	 4 	(7.0)	 1.000	 0.74 	[0.10-3.98]	 0.25 	[0.03-1.74]
Renal failure	 0 	(0)	 0 	(0)	 1.000	 -		  -

COVID diagnosis confirmation					     0.481		
   PCR+	 27 	(71.1)	 46 	(80.7)		  REF		  REF
   Serology+	 3 	(7.9)	 2 	(3.5)		  2.56 	[0.4-20.34]	 4.25 	[0.62-36.59]
   Not tested	 8 	(21.1)	 9 	(15.8)		  1.51 	[0.51-4.43]	 1.72 	[0.52-5.72]
Fever (≥ 38ºC) 	 15/28 	(53.6)	 22/35 	(62.9)	 0.627	 0.68 	[0.25-1.87]	 0.57 	[0.16-1.90]
Respiratory rate (≥ 20BPM) 	 10/17 	(58.8)	 10/23 	(43.5)	 0.522	 1.86 	[0.53-6.84]	 0.59 	[0.06-3.93]

Baseline O2 saturation (%)					   
≤95%	 12/27 	(44.4)	 7/32 	(21.9)	 0.117	 2.86 	[0.94-9.24]	 1.63 	[0.44-6.03]
≤90%	 6/27 	(22.2)	 2/32 	(6.2)	 0.160	 4.29 	[0.89-31.25]	 1.59 	[0.23-14.43]
Radiological features, pulmonary infiltrate	 18/23	 (78.3)	 15/28	 (53.6)	 0.123	 3.12 	[0.94-11.62]	 2.68 	[0.54-15.30]

Laboratory parameters					   
Anaemia	 4/24 	(16.7)	 3/23 	(13)	 1.000	 1.33 	[0.26-7.50]	 0.55 	[0.06-4.91]
Thrombocytopenia	 2/24 	(8.3)	 1/23 	(4.3)	 1.000	 2.00 	[0.18-44.9]	 3.52 	[0.22-100.91]
Leukopenia	 2/24 	(8.3)	 2/23 	(8.7)	 1.000	 0.95 	[0.11-8.55]	 1.78 	[0.17-19.83]
Lymphopenia	 15/23 	(65.2)	 10/23 	(43.5)	 0.236	 2.44 	[0.75-8.31]	 1.52 	[0.36-6.41]
Raised D Dimer levels	 12/19 	(63.2)	 9/16 	(56.2)	 0.945	 1.33 	[0.34-5.30]	 0.49 	[0.02-4.92]
Raised LDH levels	 15/21 	(71.4)	 5/16 	(31.2)	 0.036	 5.50 	[1.40-24.74]	 6.10 	[0.92-53.33]
Raised ferritin levels	 6/14 	(42.9)	 3/11 	(27.3)	 0.699	 2.00 	[0.38-12.26]	 2.58 	[0.28-35.26]
Raised liver enzymes levels	 6/24 	(25.0)	 2/19 	(10.5)	 0.414	 2.83 	[0.56-21.20]	 2.09 	[0.30-19.38]
Raised CRP levels	 20/22 	(90.9)	 14/23	 (60.9)	 0.046	 6.43 	[1.40-46.61]	 8.60 	[1.33-104.44]

COVID-19 treatment					   
Hydroxychloroquine	 25 	(65.8)	 20 	(35.1)	 0.006	 3.56 	[1.53-8.64]	 2.52 	[1.00-6.47]
Azithromycin	 9 	(23.7)	 10 	(17.5)	 0.637	 1.46 	[0.52-4.04]	 0.91 	[0.26-2.90]
Oral prednisone	 9 	(23.7)	 13 	(22.8)	 1.000	 1.05 	[0.39-2.76]	 0.49 	[0.13-1.55]
Intravenous methylprednisolone	 3 	(7.9)	 0 	(0)	 0.120	 -		  -
Antiviral agents	 14 	(36.8)	 9 	(15.8)	 0.036	 3.11 	[1.20-8.47]	 1.97 	[0.64-6.12]
Tocilizumab	 1 	(2.6)	 1 	(1.8)	 1.000	 1.51 	[0.06-39.07]	 0.65 	[0.02-19.91]
Management, hospital admission	 17 	(44.7)	 8 	(14.0)	 0.002	 4.96 	[1.91-13.87]	 -
Hospital discharge days after covid dx	 5.3 ± 8.8	 1.7 ± 5.7	 0.031	 1.08 	[1.01-1.17]	 1.01 	[0.92-1.11]
   (mean ± SD)	

Complications during admission					   
Supplemental oxygen	 11 	(28.9)	 4 	(7.0)	 0.010	 5.40 	[1.67-20.96]	 2.41 	[0.53-11.75]
					   
REF: reference value. *Logistic multivariate regression models adjusting for age, sex and hospital admission.					   
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ENT symptoms, severe post-pneumo-
nia respiratory consequences or mental 
health (25).
Information on factors that may iden-
tify people at high risk of developing 
long COVID-19 is still limited. Until 
now, several studies in non-autoim-
mune populations have identified as 
key prognostic factors a specific epi-
demiological profile: females, older 
patients, Black, Asian and minority eth-
nicities (22, 26, 27), some pre-existing 
conditions (asthma and other respira-
tory diseases, higher body mass index), 
dyspnoea at 4–8 weeks follow-up (20), 
the number of symptoms developed 
during the acute infection (people with 
≥5 symptoms more often had long-term 
symptoms) (20), and hospitalisation 
requirement (20). Unfortunately, no 
information is available for predicting 
long COVID-19 in patients with auto-
immune diseases. This is the first study 
carried out in patients with autoimmune 
diseases. We found that those patients 
with pSS who required hospitalisation 
were at increased risk of developing the 
post-COVID-19 syndrome. Although 
the impact of this syndrome on qual-
ity of life is undeniably multidimen-
sional, it appears to be mainly related 
to the care received according to sever-
ity. One study showed that in patients 
who required ICU admission, the wors-
ened quality of life focused especially 
on pain and mobility. In contrast, in 
non-hospitalised patients, it focused on 
anxiety or depression (28). The severity 
of illness during acute COVID-19 has 
also been associated with persistence of 
symptoms, reduction in health-related 
quality of life scores, and pulmonary 
abnormalities caused by the acute viral 
infection (10).
We found two baseline factors that 
were associated with the development 
of post-COVID-19 syndrome indepen-
dently of hospital admission. The first 
was the presence of raised CRP levels 
at the time of diagnosis of SARS-CoV-2 
infection, suggesting that a high degree 
of inflammation in the acute phase of 
infection could be related to a higher 
risk of developing persistent symptoms 
during the follow-up. Although several 
studies have reported a clear correlation 
between higher baseline CRP levels and 

poor outcomes of COVID-19 (29, 30), 
no study until now has identified this 
parameter as a predictive factor of de-
veloping persistent symptoms. The sec-
ond factor associated with a high risk of 
developing post-COVID-19 syndrome 
was the use of antimalarials. During the 
first pandemic wave, antimalarials (first 
chloroquine, then hydroxychloroquine) 
were considered key therapies against 
the infection, together with azithro-
mycin and antivirals (lopinavir/ritona-
vir) (31). The results of controlled tri-
als (RECOVERY and SOLIDARITY) 
have demonstrated a lack of benefit of 
using hydroxychloroquine, even report-
ing an increased mortality (32) and in-
creased cardiac safety risks when com-
bined with azithromycin, especially the 
vulnerable population (33). In fact, we 
found that patients who developed post-
COVID-19 syndrome were also treated 
more frequently with azithromycin and 
antiviral agents, a fact that could be re-
lated to the increased rate of hospital 
admission reported in these patients.
This study has a retrospective, observa-
tional design, and therefore, the meth-
odological limitations inherent to this 
design should be well acknowledged 
and explained. First, a selection bias 
cannot be discarded in our study, con-
sidering that not all the centres of the 
SS Big Data Consortium were able to 
participate in the study. In addition, the 
great heterogeneity in the accessibility 
to evaluate the status of infection of all 
patients with SS among the participat-
ing centres (including both sympto-
matic and asymptomatic cases), that 
may be different even among regions of 
the same country, can be an additional 
bias that may limit the generalisabil-
ity of our findings. With respect to the 
aetiology of some symptoms included 
in the phenotype of post-COVID-19 
syndrome that are highly overlapped 
with SS (fatigue, arthralgias), we can-
not exclude that, in some patients, these 
symptoms could be exacerbated by 
SARS-CoV-2 infection in patients with 
a previous history of fatigue/arthralgias 
and, therefore, they cannot be consid-
ered as triggered “de novo” by the vi-
rus. In fact, the baseline high frequency 
of use of hydroxychloroquine (>40%) 
in our SS patients suggest that a signifi-

cant percentage could have a previous 
history of fatigue/arthralgias, which are 
the symptoms more closely related to 
prescribing hydroxychloroquine in SS 
patients. We also found a higher fre-
quency of use of hydroxychloroquine 
at the time of COVID-19 diagnosis in 
patients who developed post-COV-
ID-19 syndrome in comparison with 
those who recovered (in 92% of cases, 
patients were under this treatment be-
fore infection, and hydroxychloroquine 
was not withdraw at the time of being 
diagnosed with COVID-19), and a pos-
sible explanation is that most of these 
patients had a previous history of fa-
tigue/arthralgias and, therefore, can be 
considered a “higher-risk” population 
for developing a post-COVID-19 syn-
drome. Finally, our study was not de-
signed to collect specific side effects 
related to the medications received for 
SARS-CoV-2 infection, and we cannot 
stablish a solid link between pharma-
cological side effects and the develop-
ment of persistent symptoms.
Little is known about the etiopatho-
genic mechanisms linked to the symp-
tom persistence in COVID-19. Since 
long-term manifestations affect various 
organs and systems, it may have very 
diverse aetiopathogenic origins, proba-
bly driven by an individual genetic pre-
disposition, virus-specific pathophysi-
ologic changes, immune-related dam-
age in response to the acute infection, 
sequelae of post-critical illness patho-
logical mechanisms of the virus, the 
phenotypic presentation of the disease 
in acute infections, and the individual 
immune response (10). Studies detect-
ing viral RNA persistence in respira-
tory and extra-respiratory tissues weeks 
after acute infection are increasingly 
common, although a clear pathogenic 
link between viral detection and virus-
related organ-specific damage remains 
unclear (34-38).
In summary, long-term manifestations 
are increasingly recognised in COV-
ID-19 patients, with systemic clinical 
presentations affecting a wide range 
of organs and systems. However, the 
frequency and natural history of long 
COVID-19 in patients with systemic 
autoimmune diseases remain unknown. 
This is the first study carried out in pa-
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tients affected by a systemic autoim-
mune disease. We found that 57% of 
patients with pSS affected by COV-
ID-19 remained symptomatic after a 
mean follow-up of 5 months (more than 
40% reported the persistence of four 
symptoms or more), mainly present-
ing with anxiety/depression (59%), ar-
thralgias (56%), sleep disorder (44%), 
fatigue (40%), anosmia (34%) and 
myalgias (32%). Age-sex adjusted mul-
tivariate analysis identified raised lev-
els of serum LDH and CRP levels, use 
of hydroxychloroquine and antiviral 
agents, hospital admission, the require-
ment of supplemental oxygen and dura-
tion of hospitalisation as factors asso-
ciated with a higher risk of developing 
the post-COVID-19 syndrome. After 
including hospital admission in the ad-
justed model, raised CRP levels and the 
use of hydroxychloroquine remained 
independent factors. At the population 
level, it is critical to quantify the burden 
of long COVID-19 in patients with sys-
temic autoimmune diseases to assess its 
impact on the healthcare system and ap-
propriately distribute resources, consid-
ering the high number of patients that 
could become long COVID-19 haulers.

Affiliations
1Autoimmune Diseases Unit, Depart-
ment of Medicine, Hospital CIMA-
Sanitas, Barcelona, Spain; 2Department 
of Statistics and Operations Research, 
Universitat Politècnica de Catalunya, 
Barcelona, Spain; 3Rheumatology De-
partment, Hospital de Santa Maria, 
Centro Hospitalar Universitário Lis-
boa Norte and Rheumatology Research 
Unit, Instituto de Medicina Molecular, 
Faculdade de Medicina, Universidade 
de Lisboa, Lisbon Academic Medical 
Centre, Lisbon, Portugal; 4Department 
of Internal Medicine, Hacettepe Uni-
versity, Faculty of Medicine, Ankara, 
Turkey; 5Department of Rheumatol-
ogy, National Reference Centre for 
Sjögren’s Syndrome and Rare Auto-
immune Diseases, Université Paris-
Saclay; Assistance Publique-Hôpitaux 
de Paris, Hôpitaux Universitaires 
Paris-Sud, AP-HP, Le Kremlin Bicê-
tre, France; 6COVID-19 Medical Unit, 
San Salvatore Hospital, Department 
of Medicine, ASL1 Avezzano-Sulmo-

na-L’Aquila, Italy; 7Servicio de Reu-
matologia, Hospital Universitario 12 
de Octubre, Madrid, Spain; 8Depart-
ment of Internal Medicine and Medi-
cal Specialties, Rheumatology Clinic, 
Sapienza University of Rome, Italy; 
9Saint Camillus International Univer-
sity of Health Science, UniCamillus, 
Rome, Italy; 10Department of Medicine, 
Federal University of Espírito Santo, 
Vitória, Brazil; 11Instituto Modelo de 
Cardiología Privado SRL, Córdoba, 
and Instituto Universitario de Cien-
cias Biomédicas de Córdoba (IUCBC), 
Argentina; 12Rheumatology Depart-
ment, Hospital Universitari Parc Taulí, 
Sabadell, Barcelona, Spain; 13Rheuma-
tology Division, Hospital das Clinicas 
HCFMUSP, Faculdade de Medicina, 
Universidade de Sao Paulo, Brazil; 
14Federal University of São Paulo, Bra-
zil; 15Otorhinolaryngology, Head and 
Neck Surgery, Technical University 
Munich, Germany; 16Division of Clini-
cal Immunology, Faculty of Medicine, 
University of Debrecen, Hungary; 17Di-
vision of Rheumatology, Marmara 
University, School of Medicine, Is-
tanbul, Turkey; 18Immunology and 
Rheumatology Department, Instituto 
Nacional de Ciencias Médicas y Nu-
trición Salvador Zubirán, México City, 
Mexico; 19Department of Rheumatol-
ogy and Internal Medicine, Wroclaw 
Medical University, Wroclaw, Poland; 
20Rheumatology Unit, Department of 
Medicine and Surgery, University of 
Perugia, Italy; 21Rheumatology Depart-
ment, Brest University, INSERM 1227, 
Brest, France; 22Department of Internal 
Medicine, Hospital Infanta Leonor, Ma-
drid, Spain;23Primary Care Centre Les 
Corts, Consorci d’Atenció Primària de 
Salut Barcelona Esquerra (CAPSBE), 
Barcelona, Spain; 24Primary Healthcare 
Transversal Research Group, Institut 
d’Investigacions Biomèdiques August 
Pi i Sunyer (IDIBAPS), Barcelona, 
Spain; 25Department of Medicine, Uni-
versitat de Barcelona, Spain; 26Depart-
ment of Autoimmune Diseases, ICMiD, 
Hospital Clínic, Barcelona, Spain.

Competing interests
R. Seror reports consulting fees from 
GSK, Boehringer, Novartis, Janssen, 
AbbVie, and support for attending 

meetings from GSK and Amgem. She 
has been investigator in clinical tri-
als with GSK, Servier, USB, Novartis, 
Medimmune. The other authors have 
declared no competing interests.

References
  1.	BRITO-ZERON P, ACAR-DENIZLI N, ZEHER 

M et al.: Influence of geolocation and ethnic-
ity on the phenotypic expression of primary 
Sjögren’s syndrome at diagnosis in 8310 
patients: a cross-sectional study from the 
Big Data Sjögren Project Consortium. Ann 
Rheum Dis 2017; 76: 1042-50.

  2.	MARIETTE X, CRISWELL LA: Primary Sjög-
ren’s syndrome. N Engl J Med 2018; 378: 
931-9.

  3.	SEGAL B, BOWMAN SJ, FOX PC et al.: Prima-
ry Sjögren’s Syndrome: health experiences 
and predictors of health quality among pa-
tients in the United States. Health Qual Life 
Outcomes 2009; 7: 46.

  4.	RETAMOZO S, BRITO-ZERÓN P, RAMOS-
CASALS M: Prognostic markers of lympho-
ma development in primary Sjögren syn-
drome. Lupus 2019; 28: 923-36.

  5.	SISÓ-ALMIRALL A, KOSTOV B, MAS-HE-
REDIA M et al.: Prognostic factors in Span-
ish COVID-19 patients: A case series from    
Barcelona. PLoS One 2020; 15: e0237960.

  6.	RETAMOZO S, BRITO-ZERÓN P, SISÓ-ALMI-
RALL A, FLORES-CHÁVEZ A, SOTO-CÁRDE-
NAS M-J, RAMOS-CASALS M: Haemophago-
cytic syndrome and COVID-19. Clin Rheu-
matol 2021; 40: 1233-44.

  7.	RAMOS-CASALS M, BRITO-ZERÓN P, MARI-
ETTE X: Systemic and organ-specific im-
mune-related manifestations of COVID-19. 
Nat Rev Rheumatol 2021; 17: 315-32.

  8.	DARMON M, DUMAS G: Anticipating out-
comes for patients with COVID-19 and iden-
tifying prognosis patterns. Lancet Infect Dis 
2021; 21: 744-5.

  9.	BRITO-ZERÓN P, SISÓ-ALMIRALL A, FLORES-
CHÁVEZ A, RETAMOZO S, RAMOS-CASALS 
M: SARS-CoV-2 infection in patients with 
systemic autoimmune diseases. Clin Exp 
Rheumatol 2021; 39: 676-87. 

10.	NALBANDIAN A, SEHGAL K, GUPTA A et al.: 
Post-acute COVID-19 syndrome. Nat Med 
2021; 27: 601-15.

11.	NICE. COVID-19 rapid guideline: managing 
the long-term effects of COVID-19. Availa-
ble from: https://www.nice.org.uk/guidance/
ng188.

12.	SISÓ-ALMIRALL A, BRITO-ZERÓN P, CONAN-
GLA FERRÍN L et al.: Long Covid-19: pro-
posed primary care clinical guidelines for 
diagnosis and disease management. Int J   
Environ Res Public Health 2021; 18: 4350.

13.	GIARDINA F, IZZO R, GATTAMELATA A,     
COLAFRANCESCO S, CONTI F, PRIORI R: 
COVID-19 in Italian Sjögren’s syndrome 
patients: a monocentric study. Rheumatol Int 
2021; 41: 235–6. 

14.	CARUBBI F, ALUNNO A, FERRI C, GERLI R, 
BARTOLONI E: The impact of SARS-CoV-2 
outbreak on primary Sjögren’s syndrome: 
an Italian  experience. Front Med 2020; 7: 
608728. 



S-65Clinical and Experimental Rheumatology 2021

Post-COVID-19 in patients with pSS / P. Brito-Zerón et al.

15.	BRITO-ZERÓN P, MELCHOR S, SEROR R et 
al.: SARS-CoV-2 infection in patients with 
primary Sjögren syndrome: characterization 
and outcomes of 51 patients. Rheumatology 
(Oxford) 2021; 60: 2946-57.

16.	VITALI C, BOMBARDIERI S, JONSSON R et 
al.: Classification criteria for Sjögren’s syn-
drome: a revised version of the European 
criteria proposed by the American-European 
Consensus Group. Ann Rheum Dis 2002; 61: 
554-8.

17.	SHIBOSKI CH, SHIBOSKI SC, SEROR R et al.: 
2016 American College of Rheumatology/
European League Against Rheumatism clas-
sification criteria for primary Sjögren’s syn-
drome. Ann Rheum Dis 2017; 76: 9-16.

18.	EUROSURVEILLANCE EDITORIAL TEAM: 
Updated rapid risk assessment from ECDC 
on coronavirus disease 2019 (COVID-19) 
pandemic: increased transmission in the EU/
EEA and the UK. Euro Surveill 2020; 25: 
2003121.

19.	WILLIAMSON EJ, WALKER AJ, BHASKARAN 
K et al.: Factors associated with COVID-19 
death using OpenSAFELY. Nature 2020; 
584: 430-6.

20.	SUDRE CH, LEE K, LOCHLAINN MN et al.: 
Symptom clusters in Covid-19: A poten-
tial clinical prediction tool from the COV-
ID Symptom study app. Sci Adv 2021; 7: 
eabd4177.

21.	MANDAL S, BARNETT J, BRILL SE et al.: 
“Long-COVID”: a cross-sectional study of 
persisting symptoms, biomarker and imag-
ing abnormalities following hospitalisation 

for COVID-19. Thorax 2021; 76: 396-8.
22.	HUANG C, HUANG L, WANG Y et al.:  

6-month consequences of COVID-19 in 
patients discharged from hospital: a cohort  
study. Lancet 2021; 397: 220-32.

23.	RIMMER A: Covid-19: Impact of long term 
symptoms will be profound, warns BMA. 
BMJ 2020; 370: m3218. 

24.	GREENHALGH T, KNIGHT M, A’COURT C, 
BUXTON M, HUSAIN L: Management of post-
acute covid-19 in primary care. BMJ 2020; 
370: m3026.

25.	NABAVI N: Long covid: How to define it and 
how to manage it. BMJ 2020; 370: m3489.

26.	PETERSEN MS, KRISTIANSEN MF, HANUS-
SON KD et al.: Long COVID in the Faroe 
Islands - a longitudinal study among non-
hospitalized patients. Clin Infect Dis 2020 
Nov 30; ciaa1792.

27.	HALPIN SJ, MCIVOR C, WHYATT G et al.: 
Postdischarge symptoms and rehabilitation 
needs in survivors of COVID-19 infection: A 
cross-sectional evaluation. J Med Virol 2021; 
93: 1013-22.

28.	GARRIGUES E, JANVIER P, KHERABI Y et 
al.: Post-discharge persistent symptoms and 
health-related quality of life after  hospitaliza-
tion for COVID-19. J Infect 2020; 81: e4-e6.

29.	PEPYS MB: C-reactive protein predicts out-
come in COVID-19: is it also a therapeutic 
target? Eur Heart J 2021; 42: 2280-3.

30.	SMILOWITZ NR, KUNICHOFF D, GARSHICK 
M et al.: C-reactive protein and clinical out-
comes in patients with COVID-19. Eur Heart 
J 2021; 42: 2270-9.

31.	FERRO F, ELEFANTE E, PUXEDDU I et al.: 
COVID-19: the new challenge for rheuma-
tologists. First update. Clin Exp Rheumatol 
2020; 38: 373-82.

32.	AXFORS C, SCHMITT AM, JANIAUD P et al.: 
Mortality outcomes with hydroxychloroquine 
and chloroquine in COVID-19 from an inter-
national collaborative meta-analysis of rand-
omized trials. Nat Commun 2021; 12: 2349.

33.	KIM MS, AN MH, KIM WJ, HWANG T-H:   
Comparative efficacy and safety of pharma-
cological interventions for the treatment of 
COVID-19: A systematic review and net-
work meta-analysis. PLoS Med 2020; 17: 
e1003501. 

34.	ZAPOR M: Persistent detection and infectious 
potential of SARS-CoV-2 virus in clinical 
specimens from COVID-19 patients. Viruses 
2020; 12: 1384. 

35.	JAMIOLKOWSKI D, MÜHLEISEN B, MÜL-
LER S, NAVARINI AA, TZANKOV A, ROIDER 
E: SARS-CoV-2 PCR testing of skin for 
COVID-19 diagnostics: a case report. Lancet 
2020; 396: 598-9.

36.	MATSCHKE J, LÜTGEHETMANN M, HAGEL 
C et al.: Neuropathology of patients with 
COVID-19 in Germany: a post-mortem case 
series. Lancet Neurol 2020; 19: 919-29.

37.	XIAO F, TANG M, ZHENG X, LIU Y, LI X, SHAN 
H: Evidence for Gastrointestinal Infection of 
SARS-CoV-2. Gastroenterology 2020; 158: 
1831-3.e3.

38.	LEMPRIÈRE S: SARS-CoV-2 detected in     
olfactory neurons. Nat Rev Neurol 2021; 17: 
63.


