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Abstract
Introduction / objectives: The cause of coronavirus disease 2019 (COVID-19) is severe acute respiratory
syndrome 2 (SARS-CoV-2). There are evidences of involvement of immune system in pathogenesis of this
disease. We investigated the presence of various vasculitis-associated auto-antibodies and complement
levels in a series of patients with COVID-19 infection admitted to our hospital.

Methods: Forty patients with severe or critical type of COVID 19 were evaluated for symptoms, signs and
laboratory tests of vasculitis syndromes including rheumatoid factor (RF), anti-nuclear antibody (ANA),
anti dsDNA, c and p anti-neutrophilic cytoplasmic antibody (c ANCA and p ANCA) and complement levels.
Descriptive statistics methods were used to describe the clinical / laboratory �ndings.

Results: Forty patients with severe to critical illness were enrolled in the study. The mean age of the
patients was 48.5 ± 9.8 years. All patients had pulmonary involvement in lung CT scan. Lymphopenia in
19 (47.5%), raised creatinine in 8(20%) and hyperbilirubinemia in 19(47.5%) of patients were seen.
Vasculitis laboratory test results included: RF in 2 patients, ANA in 3 patients and ANCA in one patient.
17(42.5%) of patients had hypocomplementemia in one or more complement tests. Of the four patients
who were expired, three had a decrease in complement.

Conclusion: In 17 of patients (42.5%) we detected low complement levels. A decrease in complement
levels may predict a critical state of the disease. Therefore, measuring its levels may be helpful in making
earlier decisions to initiate disease-suppressing treatments, including corticosteroids and IVIG.

Key Points
Pathogenesis of severe disease forms and complications of COVID–19 is unclear.

Detection of biomarkers for early diagnosis of severe and critical cases may be helpful in better
strati�cation and proper management of the disease.

Hypocomplementemia may predict critical and/or severe cases of COVID–19.

Introduction
Coronavirus disease 2019 (COVID–19) is caused by severe acute respiratory syndrome coronavirus and
the �rst cases were classi�ed as “pneumonia of unknown etiology.” The disease represents a potentially
fatal disease of great global public health importance. As of May 4, 2020, the outbreak of COVID–19 has
resulted in 3,610,189 con�rmed cases and 250,099 deaths globally.[1–3] Symptoms of the disease can
occur in different systems. Fever, cough, pulmonary and cardiac complications, headache, lymphopenia,
increased lactic dehydrogenase, coagulation disorders, increased liver and muscle enzymes, and
electrolyte disturbances are clinical and or laboratory �ndings of the disease.[2, 4–8] Severe COVID–19
can lead to acute respiratory distress syndrome and multiple organ dysfunction, which is the leading
causes of death.[9] Infection has been associated with numerous direct and indirect cardiovascular
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complications, including acute myocardial infarction, myocarditis, arrhythmias, and venous
thromboembolism.[5] Information about kidney involvement as a pathological diagnosis is relatively
incomplete and limited.[10]

Due to the lack of speci�c antiviral drugs, current treatment of the disease is mainly supportive.[2, 4]
However, there are currently several therapies being used to treat this life-threatening condition.[11–13].
Increasing knowledge about the pathophysiology of SARS-CoV–2 infection has led to some anti-
rheumatic drugs being considered as possible treatment options for COVID–19 treatment.[14–16]
Studying the relationship between vasculitis syndromes or related laboratory �ndings with COVID 19 may
be interesting in several ways:1. Given the variety of symptoms in both diseases, is there a similarity in
the mechanism of injury? 2. Understanding the pathways of damage in any disease may be of great help
in identifying its treatment.3. Can the treatments used for the infection modify or ignite the
pathophysiological processes of the disease? Designing and conducting this study can suggest ways to
identify these changes, the safety pathways involved, and possibly the use of appropriate treatments.
The aim of this study was to investigate seropositivity of the tests used for the diagnosis of vasculitis
syndromes in patients with severe to critical COVID 19 infection.

Patients And Methods
Study population: The study was a cross sectional study conducted on April 2020 in hospitalized patients
with COVID 19 attending in a referral public hospital in Sari, North of Iran. A rheumatologist consecutively
screened patients for possible inclusion. Due to the lack of previous studies in this �eld, the study was
performed on 40 eligible patients.

Selection criteria: Positive diagnosis of COVID–19 was based on compatible clinical symptoms with
positive PCR and/ or positive �ndings in lung CT scan in accordance with infection.[17] De�nition of
disease severity: Based on the symptoms of the disease, it was classi�ed into three categories: mild,
severe and critical; mild: no pneumonia or mild pneumonia, severe: shortness of breath, respiratory rate ≥
30 per minute, oxygen saturation ≤93%, pulmonary in�ltration more than 50% within the �rst 24–48
hours, and critical: respiratory failure, septic shock, dysfunction or multiple organ failure. [18] Patients
with severe or critical manifestations were included in the study.

Inclusion and exclusion criteria:
Patients in the age range of 18–6o years old having either severe or critical form of the COVID–19 were
enrolled. On the other hand patients having a positive history of malignancies, chronic liver or kidney
diseases, history of rheumatic in�ammatory diseases (including systemic lupus, rheumatoid arthritis,
scleroderma or vasculitis associated with anti-neutrophil cytoplasmic antibodies or anti-nuclear
antibodies) or using a moderate or high dose of steroids (prednisolone more than 20 mg daily) or
immunosuppressive and biological drugs were excluded.
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Ethics approval: This study was approved by the Vice Chancellor for Research and Technology and Ethics
Community of Mazandaran University of Medical Sciences (Ethic code: IR. MAZUMS. REC.1399.108).
Patients or their companions were explained about the study.

Data collection: After selecting eligible patients their consent was collected, clinical and demographic
information of patients was recorded. Laboratory data including CBC, biochemistry, coagulation tests,
urine analysis and reports of the lung CT scans were recorded. Ten ml of blood was drawn from patients
and the sera were stored at 2–8 C.

Vasculitis syndrome tests include rheumatoid factor (RF) tests, antinuclear antibodies (ANA), anti-double
stranded DNA (anti dsDNA), anti-neutrophil cytoplasmic antibodies (ANCA), and measurement of
complement levels (C3, C4 and C50). RF was estimated by Latex method (Bionic, Iran) and ANA, anti
dsDNA antibodies and ANCAs were performed by ELISA (EUROIMMUN, Germany) and a value greater
than the upper limit of normal was considered positive. The levels of complement were also measured by
ELISA (Pars Azmoon, Iran and Diametra, China) and values less than the lower limit of normal were
considered low.

Leukopenia was de�ned as WBC < 4400 cells/microL and lymphopenia was considered if absolute count
was <1000 cells/microL. Anemia was de�ned as Hgb<12g/dl in women and <13.5 in men.
Thrombocytopenia was considered as plt<150000/ microL. High serum creatinine in men and women
were considered as 1.13 and 0.93 mg/dl consequently. Elevated alanine transferase (ALT) considered if it
was more than 55 IU/L in male or 32 IU/L in female. Hyperbilirubinemia was de�ned as total bilirubin
higher than 1 mg/dl, and direct bilirubin more than 0.4 mg/dl. CPK and troponin were described high if
levels more than 195 in men and 170 in women for CPK U/L and higher than 100 ng/dl for troponin.

Statistical analysis: Descriptive statistics methods such as mean and percentage were used to describe
the clinical / laboratory �ndings and Chi-square to compare qualitative variables.

Results
Forty patients with severe to critical illness entered the study. The mean age of the patients was 48.5 ±
9.8 years and twenty-seven patients (67.5%) were male. The mean duration of symptoms was 14.0 ± 5.9
days.Demographic and basic clinical data of patients with COVID 19 involvement are shown in table 1.

The selected patients were categorized as severe or critical and patients with mild manifestations were
not included the study. All patients had signi�cant changes of COVID 19 pneumonia in their CT scans
and also clinical manifestations of COVID 19 infection. The mean± SD of respiratory rate and saturation
pressure of O2 were 23.17±5.8/min and 87.15% ± 7.46.

All patients received hydroxychloroquine and lopinavir/ritonavir combination therapy, in addition they
were treated by interferon beta–1 in 27 patients, parenteral glucocorticoid in 17 of cases, IVIG in 8
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patients, umifenavir) in 6 patients, daclatasvir/sofosbuvir) in 4 cases, ribavirin in 3 patients and
tocilizumab and remdesivir in one patient.

The vasculitis tests results are shown in table 2. Of the 40 patients, seventeen (42.5%) had
hypocomplementemia in one or more components (low C3 in 9 patients, low C4 in 5 patients and low
CH50 in 14 of them). Six of the 15patients with severe disease (40%) and eleven of the 25 critically ill
patients (44%) had low complement (P = 0.804). Regarding lung involvement, the number of lobes
involved, or the percentage of involvement, there was no difference between the two groups with low and
normal complement (P>0.05). Four patients expired, three of whom had a signi�cant reduction in
complement.

Table 1. Demographic and basic clinical data of patients with COVID 19 involvement.
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Variables

category 

    Additional description

Demographic data Age (years, mean± SD) 48.50 ±

9.84

 

Male sex (number, %) 27 (67.5%)

Urban residency

(number, %)

27 (67.5%)

Underlying

diseases

Diabetes

mellitus (number, %)

11 (27.5%) One patient was pregnant

Hypertension (number,

%)

5 (12.5%)

Ischemic heart

disease (number, %)

6 (15%)

Hyperlipidemia (number,

%)

1 (2.5%)

Asthma or

COPD (number, %)

3 (7.5%)

COVID 19 disease

manifestation

Disease duration (days,

mean± SD)

14.07 ±

5.94

One patient had pericardial effusion. None of

the patients had skin rash or arthritis. 

Severe vs critical illness

(number, %)

15 (37.5%)/

25 (62.5%)

Fever or chills (number,

%)

22 (55%)

Myalgia (number, %) 20 (50%)

Headache (number, %) 5 (12.5%)

Loss of

consciousness (number,

%)

6 (15%)

Dyspnea (number, %) 28 (70%)

Cough (number, %) 22 (55%)

Nausea and/or vomiting 8 (20%)
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(number, %)

Diarrhea (number, %) 2 (5%)

Abdominal pain

(number, %)

2 (5%)

Chest pain (number, %) 3 (7.5%)

 

Table 2. Laboratory and imaging finding in patients with COVID 19 involvement. 
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Variables category      

Laboratory findings CBC  Lymphopenia (number, %) 19 (47.5%)

Anemia (number, %) 27 (67.5%)

Thrombocytopenia (number, %) 8 (20%)

Acute phase reactants ESR, mm/h (mean± SD) 52.42±22.92

CRP, mg/dl (mean± SD) 53.34±52.19

Blood chemistries Elevated ALT (number, %) 6 (15%)

Elevated CPK (number, %) 15 (37.5%)

Elevated troponin (number, %) 2 (5%)

Raised creatinine (number, %) 8 (20%)

Hyperbilirubinemia, direct (number,

%) 

19 (47.5%), 18

(45%)

Coagulation tests

study

Prolonged PT (number, %) 11 (27.5%)

Prolonged PTT 2 (5%)

Urine analysis Abnormal UA (number, %) 7 (17.5%)

Vasculitis lab tests Positive RF (number, %) 2 (5%)

Positive ANA (number, %) 3 (7.5%)

Positive Anti dsDNA (number, %) None 

Low complement levels (number, %) 17(42.5%)

Positive C ANCA (number, %) 1(2.5%)

 Positive P ANCA (number, %)

Lung CT scan

findings

Number of involved lobes (mean± SD) 4.08 ± 0.87

Percentage of lung involvement (mean± SD) 56.62%± 14.77

Peripheral opacity (number, %) 8 (20%)

Grand glass opacity (number, %) 34 (85%)

Consolidation (number, %) 16 (40%)

Discussion
In the present study, we examined vasculitis tests in patients with COVID 19. Three patients had a positive
ANA result, of which two had a hypocomplementemia and they were also being treated with interferon. All
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three patients were discharged from the hospital with full recovery, despite severe pulmonary involvement
initially. One patient was positive both for C and P ANCA, with pancytopenia but without any other ANCA
associated vasculitis manifestations. Seventeen of the patients, showed a decrease in one or more
components of the complement and of the four patients who were expired, three had a decrease in
complement.

The vasculitides are de�ned by the presence of in�ammatory leukocytes in the vessel walls with damage
to mural structures. This damage may lead to bleeding due to loss of vessel integrity or tissue ischemia
and necrosis due to compromise of the lumen. They are diagnosed based on patterns of organ injury, the
size of the vessels affected, histopathological and imaging features. ANA, ANCA and serum complement
levels are laboratory tests that help the physician in knowing the pathophysiology and diagnosis.[19] The
complement system is a major component of innate immunity and an effector arm of humoral immune
system. It also serves as a mechanism to identify and clear injured tissue and cellular debris. Although
the complement system is primarily perceived as a host defense system but it may be a potentially more
harmful side of innate immune pathway as an in�ammatory mediator. [20] Severe sepsis is an acute
condition that leads to activation of the complement and coagulation cascades and may play central
roles in multiple organ failure and severe complications.[21] Intrapulmonary activation of complement
can cause acute lung injury that is complement and PMN-dependent, resulting in a cytokine storm.[22]
There are some studies identify the role of complement system as an important host mediator of SARS-
CoV-induced disease and suggest that complement activation regulates a systemic proin�ammatory
response to SARS-CoV infection. It was investigated that inhibition of complement signaling might be an
effective treatment option following SARS-COV infection by using a mouse model. [23]
Hypocomplementemia is an early diagnostic marker of parvovirus B19 infection in adult.[24] Activation
of the complement pathways have been reported in chronic hepatitis C virus (HCV) infection and there is
an association between HCV pathogenesis and abnormal complement pro�les.[25] Creating an immune
complex and activating the complement system is one of the basic mechanisms in the pathophysiology
of many autoimmune and vasculitis syndromes.

A major concern in the treatment of critically ill patients is drug side effects. There are a broad spectrum
of interferon-related complications including glomerulonephritis, systemic lupus erythematosus-like
syndrome and thrombotic microangiopathy that may be associated with hypocomplementemia. [26, 27]
Drug-induced lupus erythematosus (DILE) is a syndrome with clinical and serological features similar to
systemic lupus erythematosus (SLE) that is temporally related to continuous drug exposure and which
resolves after discontinuation of this drug. More than 90 drugs, including interferons, are involved in
causing the disease.[27] In this study, 15 of the 27 patients receiving interferon showed a de�ciency of
complement. Low levels of complement in these patients may be due to disease or interferon use.[28]
Therefore, in addition to proper and appropriate use of the drug, care should be taken in selecting patients
and monitoring its side effects.

In this study, we did not �nd any classic vasculitis syndrome, but the variety of symptoms in patients with
COVID–19 can be similar and mimic the syndromes of vasculitis. We entered severe or critical cases of
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the disease only. Comparing these cases with mild cases of the disease may reveal more �ndings related
to hypocomplementemia. Besides that, many patients were being treated with various medications that
may affect the results.

We encountered limitations in the study. First: this study was performed as a pilot on these patients and
according our knowledge, evaluation of vasculitis tests and complement levels in COVID–19 have not yet
been published. Therefore, we did not have any previous study to estimate the number of samples based
on them. Second: patients were examined after receiving certain medications, such as interferon or
steroids, subsequent studies can be performed before treatment interventions or on different days of
treatment.

Conclusion
Based on the results of the present study, a decrease in complement may predict a critical state of the
disease. Therefore, measuring its levels may be helpful in making earlier decisions to initiate disease-
suppressing treatments, including corticosteroids and IVIG. This was a small, pilot study and for a
de�nite conclusion, more studies with larger sample size and inclusion of milder forms of the disease as
a control group are needed.
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