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Patients with Covid 19 have significantly reduced CH50 activity
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Abstract Severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2), which causes coronavirus disease 2019

(COVID-19), is a new virus that emerged in China and

immediately spread around the world. Evidence has been

documented that the immune system is impressively

involved in the pathogenesis of this disease, especially in

causing inflammation. One of the important components of

the immune system is the complement system whose

increased activity has been shown in inflammatory diseases

and consequently damage caused by the activity of its

components. In the present study, serum levels of C3 and

C4 factors as well as the activity level of complement

system in the classical pathway were measured by CH50

test in patients with SARS-CoV-2. Participants in the study

consisted of 53 hospitalized patients whose real-time PCR

test was positive for SARS-CoV-2. The mean age of these

patients was 42.06 ± 18.7 years, including 40% women

and 60% men. The most common symptoms in these

patients were cough (70%), fever (59%), dyspnea (53%)

and chills (53%), respectively. Analysis of biochemical and

hematological test results revealed that 26 (49%) patients

had lymphopenia, 34 (64%) patients were positive for

C-reactive protein (CRP) and 26 (49%) patients had ESR

and LDH levels significantly higher than normal. In addi-

tion, 27 patients (51%) had vitamin D deficiency. The

mean CH50 activity level in COVID-19 patients was sig-

nificantly reduced compared to healthy individuals (84.9

versus 169.9 U/ml, p =\ 0.0001). Comparison of the

mean CH50 activity levels between different subgroups of

patients indicated that COVID-19 patients with decreased

peripheral blood lymphocyte count and positive CRP had a

significant increase in activity compared to the other

groups (p = 0.0002). The serum levels of C3 and C4 fac-

tors had no significant change between patients and healthy

individuals. Conclusion: The activity level of complement

system in the classical pathway decreases in COVID-19

patients compared to healthy individuals, due to increased

activity of complement system factors in these patients.
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Introduction

A new emerging viral infection was transmitted from ani-

mal to human and then human to human in Wuhan, China

in December 2019, leading to a global epidemic [1]. Acute

Respiratory Syndrome is a hallmark of this new virus,

known as severe acute respiratory syndrome coronavirus 2,

SARS-CoV-2 [2]. Following the global outbreak, the

World Health Organization (WHO) declared a global

health emergency on January 30, 2020 [3]. By December

2020, according to WHO data, more than 75 million people

had been infected with COVID-19, as well as more than

1.6 million deaths from the virus worldwide [4]. The

symptoms of this disease are very diverse and are seen in a

wide range of different organs of the body, including fever,
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dry cough, dyspnea, cardiopulmonary complications,

headache, lymphopenia, elevated lactate dehydrogenase,

coagulation disorders, increased liver enzymes, fatigue,

myalgia, secondary infections, acute kidney injury and

even death in severe cases [5, 6]. It should be noted that

80% of patients infected with SARS-CoV-2 have mild

symptoms and a good prognosis and recover with standard

treatments or without drug intervention, but about 20% of

patients suffer from respiratory distress and require oxygen

therapy or other inpatient interventions, including

mechanical ventilation [7].

The main site of the viral establishment in the body is

lung tissue, but it can spread to other organs and cause

multiple organ failure, MOF [8]. Tissue damage caused by

COVID-19 is not primarily related to viral infection but is

the result of inflammatory responses of the host immune

system, which cause a hyperactivity of the innate immune

system, increased cytokines and chemokines, and immune

cell utilization and thus a cytokine storm, affecting the cells

in lung parenchyma and reducing oxygen uptake [8, 9].

The complement system is a network consisting of 50

different proteins as part of the innate immune system,

which plays an essential role in host defense against

pathogens and in tissue homeostasis [10]. The complement

system can be activated from three pathways including the

classical pathway, the lectin-dependent pathway and the

alternative pathway. Cleavage of complement C3 by

enzymes of these pathways (the C3-converting enzyme)

causes the formation of other components of complement

system, including C3a, C3b, C4a and C4b, whose functions

are the elimination of pathogens through opsonization and

uptake and activation of neutrophils and macrophages as

well as the enhancement of humoral immunity and T cell

response [8]. Further formation of C3b leads to the pro-

duction of C5 converter, which causes the production of

C5a and C5b from C5. Anaphylatoxin fragments of C3a

C5a cause the recruitment and activation of immune cells

and the secretion of inflammatory cytokines such as TNF-

a, IL-1b and IL-6 from these cells and provide a pre-in-

flammatory condition. The C5b forms a complex with other

complement proteins called the membrane attack complex

(MAC or C5b-9), the deposition of which on the cell

membrane leads to cell lysis [11, 12]. Immune system

exposure to SARS coronavirus, which is closely related to

SARS-CoV-2, has been shown to significantly increase

complement system activity and exacerbate inflammation

[13].

In other models of rodents infected with Middle East

Respiratory Syndrome coronavirus (MERS-CoV), an

increase in serum and lung C5a and C5b-9 concentrations

was observed, and blocking the C5a and C5aR pathways

reduced tissue damage [14]. In addition, evidence suggests

that polymorphisms in the C3 gene may be effective in the

prevalence and spread of SARS-CoV-2 [15].

The aim of this study was to evaluate the serum levels of

C3, C4 and CH50 from the complement system, bio-

chemical factors, hematological parameters, clinical

symptoms as well as serum levels of vitamin D in hospi-

talized SARS-CoV-2 patients with positive real-time PCR

test for SARS-CoV-2 to better identify the pathways

involved in the pathogenesis of the virus and use the results

to design effective treatment, reduce complications or

inhibit inflammation in infected people with the virus.

Materials and methods

The present cross-sectional study was conducted in

November 2020 on COVID-19 patients admitted to Shahid

Dr. Jalil Yasuj Hospital in southern Iran. From 53 eligible

patients whose real-time PCR test was positive for COVID-

19, after obtaining written consent, 10 ml of venous blood

samples were taken from all patients and their serum was

separated in the laboratory and stored at - 70 �C until next

testing. All clinical, demographic, biochemical and hema-

tological data of patients were recorded (Tables 1, 2, 3).

Absolute lymphocyte count (ALC) below 1500 cells/mi-

croliter was considered as lymphopenia. Hemoglobin

levels below 12 g/dL in women and below 13.5 g/dL in

men were considered as anemia. Platelet counts less than

150,000 are termed thrombocytopenia. C-reactive protein

(CRP) was measured qualitatively (negative, 1 ?, 2 ? and

3 ?). ESR (mm/h) was regarded normal in men up to 15

and in women up to 20. LDH up to 400U/L and CPK up to

194 U/L were considered normal. AST in women up to

31 mg/dl and in men up to 38 mg/dl and ALT in women up

to 32 mg/dl and in men up to 40 mg/dl were considered

normal ranges. Total bilirubin up to 1.2 mg/dl, direct

bilirubin up to 0.3 mg/dl and albumin up to 5 g/dl were

considered normal.

Measurement of vitamin D

The Vit D level was measured using ELISA kit (Pishgaman

Company, Iran) based on the principle of competitive

bonding. In this method, the wells were coated by anti-

Vitamin D (25 OH) monoclonal antibody. After the

exposure of standards, controls and patient samples with

wells, finally the optical density (OD) was read at a

wavelength of 450 nm. The relationship between color

intensity and Vit D level in the sample is inverse.

According to the range in the kit, the Vit D level up to

20 ng/ml was considered sufficient.
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Measurement of serum C3 and C4 levels and CH50

activity

Factors C3 and C4 were measured using Biobase kits. In

summary, C3 and C4 formed immunocomplexes with

specific latex-bonded antibodies, and the turbidity resulting

from this reaction was measured by nephlometry at

340 nm. According to the kit manufacturer’s instructions,

the normal range of C3 and C4 is 0.82–1.80 g/l and

0.1–0.4 g/l, respectively. The CH50 activity levels were

measured using Mybiosource ELISA kits (Human 50%

complement hemolysis (CH50) ELISA Kit). This kit uses

the Double Antibody Sandwich technique. The method of

working with this kit was according to the manufacturer’s

09.3.1 instructions for measuring CH50.

Measurement of CRP

Biogene kit was used to measure CRP. The technique is

based on passive agglutination. In this technique, latex

particles are coated with anti-CRP antibody, which in the

presence of CRP in the serum of individuals, antigen–an-

tibody binding is done and the result will be clear in the

form of agglutination. The absence of CRP in the serum

will not lead to any agglutination. Finally, the result was

reported qualitatively:

• Large and very clear agglutination with clear

background: ? 3

• Clear and moderate agglutination with clear

background: ? 2

• Visible and fine agglutination with milky

background: ? 1

• Milky and uniform suspension and no agglutination:

Negative

Statistical analysis

Data were analyzed by SPSS 26 and Graph pad prism 8.4.3

software. Relationships were determined using Mann

Whitney test, Unpaired t-test and One-way ANOVA tests.

Table 1 Laboratory findings of patients including CBC, biochemical tests, serum Vitamin D levels and blood type are reported

Laboratory findings CBC Lymphopenia (number, %) 25 (47.16%)

Anemia (number, %) 7 (13.2%)

Thrombocytopenia (number, %) 7 (13.2%)

Acute phase reactant Elevated ESR 26 (49.05%)

Positive CRP 34 (64.15%)

Blood chemistries Elevated AST 4 (7.54%)

Elevated ALT 8 (15.09%)

Elevated ALB 8 (15.09%)

Elevated CPK 11 (20.75%)

Elevated LDH 26 (49.05%)

Raised Creatinine 6 (11.32%)

Raised BUN 10 (18.86%)

Hyperbilirubinemia 11 (20.75%)

Positive troponin 1 (1.88%)

Hormonal test Vitamin D deficiency 27 (50.27%)

Blood group O ? 19 (35.85%)

A ? 15 (28.30%)

B ? 14 (26.41%)

Other blood group 5 (9.43%)

Table 2 Findings related to CT scan and the extent of lung

involvement in patients

Lung CT scan findings Bilateral and mild 19(35.85%)

One-sided and mild 5(9.43%)

One-side and sever 3(5.66%)

Bilateral and serve 9(16.98%)

Normal 17(32.07%)
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Table 3 Clinical signs and symptoms of patients

Patient Degree of

disease

severity

Fever Chills Headache Dyspnea Cough Nausea

and

Vomiting

Diarrhea Lack of

smell

and taste

Myalgia Chest

pain

Underlying

disease

P1 Mild * * * * * * * * * Diabetes

P2 Mild * * * * * *

P3 Mild * * * * * * Gout

P4 Moderate * * * * * * * High blood

pressure

P5 Mild * * * * * High blood

pressure

P6 Mild * * *

P7 Mild * * * *

P8 Mild * * * * *

P9 Moderate * * * * * * * *

P10 Mild * * *

P11 Mild * * *

P12 Mild * * High blood

pressure

P13 Mild * * High blood

pressure

P14 Mild * *

P15 Mild *

P16 Mild * * *

P17 Mild * * *

P18 Mild * * *

P19 Mild * * * * Smoker

P20 Mild * * * * * * High blood

pressure-

Diabetes

P21 Mild * * * *

P22 Mild

P23 Mild * * * * * * * * * High blood

pressure

P24 Mild * * * *

P25 Severe * * * CKD

P26 Mild * * *

P27 Mild

P28 Mild * * *

P29 Mild * *

P30 Mild * * * *

P31 Mild * * * * * *

P32 Mild * * * *

P33 Mild * *

P34 Mild * * * Diabetes-

Hypothyroidism

P35 Moderate * * * * * * * Osteoporosis

P36 Mild * * * * * * *

P37 Mild * * * * Diabetes

P38 Mild * * *

P39 Mild * * * * * * Blood pressure

P40 Mild * Diabetes
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Results

The most common symptoms in patients include cough,

fever, dyspnea and chills. The study consisted of 53

patients with a mean age of 42 (± 18.7), including 40%

women and 60% men, as well as 53 healthy individuals

were enrolled in the control group. The most common

symptoms in these patients were cough (70%), fever

(59%), dyspnea (53%) and chills (53%), respectively

(Table 3). Analysis of biochemical and hematological test

results revealed that 26 (49%) patients had lymphopenia,

34 (64%) patients were positive for CRP and 26 (49%)

patients had ESR and LDH levels significantly higher than

normal (Table 3). The CT scan findings indicated lung

involvement in 68% of patients, most of which (36%) were

bilateral and mild (Table 2). Analysis of underlying dis-

eases in hospitalized patients showed that 40% had at least

one underlying disease, which was mainly hypertension

(23%) and diabetes (15%) (Table 3).

Significant decrease in CH50 activity in COVID-19

patients

Comparison of mean CH50 activity between patients and

healthy individuals showed that CH50 activity significantly

decreased (84.9 versus 169.9 U/ml) in the patients

(p\ 0.0001). Although the CH50 activity was reduced in

the patients, the analysis showed a significant relationship

between different groups of patients and factors such as

lymphocyte count and CRP level. The CH50 activity level

was higher in patients with lymphopenia compared to other

patients (p = 0.007). Moreover, a significant relationship

was observed between the mean CH50 activity and CRP

level (p = 0.0002), so that the highest level of CH50

activity was in patients with serum CRP-positive

3 ? (Fig. 1). Although the serum C3 level was increased in

17 patients (32%) and decreased in three patients and the

serum C4 level was elevated in 12 patients (23%), the

serum levels of C3 and C4 factors was not significantly

different between healthy individuals and patients.

Serum VitD3 level was significantly reduced

in COVID-19 patients

The serum VitD3 level was measured in all patients and

healthy individuals, the results of which showed VitD3

deficiency in 27 patients (51%). The comparison of mean

serum VitD3 levels between healthy individuals and

patients demonstrated a significant decrease in COVID-19

patients (19 versus 25 ng/ml, p = 0.007) (Fig. 2). The

Table 3 continued

Patient Degree of

disease

severity

Fever Chills Headache Dyspnea Cough Nausea

and

Vomiting

Diarrhea Lack of

smell and

taste

Myalgia Chest

pain

Underlying

disease

P41 Mild High blood

pressure-

Diabetes

P42 Mild

P43 Mild * * * Digestive

problems

P44 Mild * High blood

pressure-

Diabetes

P45 Severe * * * * CHF- blood

pressure

P46 Mild * * *

P47 Mild * * *

P48 Mild * *

P49 Severe * * * * Blood

pressure-

Asthma

P50 Mild *

P51 Sever * * * * * * Blood

pressure

P52 Mild * *

P53 Mild * * * * Diabetes
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serum VitD3 level was not significantly related to the

serum levels of C3 and C4 factors as well as mean CH50

activity in COVID-19 patients.

Discussion

The present study aimed to examine COVID-19 hospital-

ized patients. Most patients had a mild form of the disease;

the most common symptoms in patients included cough,

fever, dyspnea, and chills. Most clinical signs in patients in

other studies reportedly were fever, cough, fatigue, head-

ache and dyspnea. However, in patients with severe

involvement, dyspnea is more common than in patients

with mild to moderate form of the disease [16, 17].

In this study, it should be noted that there were two

patients under 8 years of age who all had normal laboratory

tests, consistent with other studies that support mild disease

in children [18].

The most prevalent underlying diseases among hospi-

talized people are hypertension and diabetes, in line with

other studies. The underlying diseases was mainly present

in people over 50 years of age in the study, which is a

reason for the increase in the number of hospitalizations

and deaths of this group of patients. Similar studies

Fig. 1 Mean serum CH50

activity between different

groups; a Comparison of mean

serum CH50 activity between

COVID-19 patients and healthy

individuals, indicating a

significantly lower level of

activity in patients than healthy

individuals; b Comparison of

mean CH50 activity and serum

CRP level, showing the highest

CH50 activity in patients with

serum CRP-positive 3 ? ;

c Mean serum CH50 activity

and peripheral blood

lymphocyte count in patients,

exhibiting a higher mean CH50

activity in patients with

peripheral blood lymphocyte

count less than 1500 cells/

microliter; d Relationship

between mean serum CH50

activity and

neutrophil/lymphocyte ratio in

patients, the higher this ratio,

the higher the CH50 activity

level

Fig. 2 Serum Vitamin D levels between control groups and COVID-

19 patients. As can be seen in the figure, the mean serum vitamin D

level showed a significant decrease in the patient group compared to

the control group
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reported that the majority of COVID-19 hospitalized

patients had one of the underlying diseases [19–21].

In the present study, the serum levels of C3 and C4

factors as well as the level of complement system activity

in the classical CH50 pathway were measured in the

COVID-19 patients. According to our findings, CRP was

positive in about 64% of patients’ Peripheral blood C-re-

active protein (CRP) is a biomarker used clinically to

measure systemic inflammation [22]. In previous studies,

plasma CRP levels have been positively correlated with the

severity of COVID-19 pneumonia, and its levels have

remained high in patients who died of Covid 19 [23, 24].

Therefore, it can be said that CRP levels are useful indi-

cators that can accurately predict impending respiratory

failure [25]. Analysis of the results revealed that the mean

level of CH50 activity had increased in patients with

lymphopenia and CRP-positive 3 ? , indicating an

increase in production and consumption of complement

system components in this group of patients. The CH50

provides an estimate of the activation rate of the classical

complement system pathway, which is activated by IgM

and IgG antibodies and CRP when bound to antigens [26].

The level of CH50 in the patient group compared to the

control group showed a significant decrease, similar to a

study in northern Iran that reported hypocomplementation

in one or more components of the complement system [6].

Complement is one of the major components of the

innate immune system, the activation of which occurs due

to the cleavage of C3 and C4 components, thereby facili-

tating opsonization. Moreover, this system by producing

C3a and C5a enhances inflammation and ultimately forms

membrane attack complex (MAC) and cell lysis [27]. A

study analyzed ectopic immature renal tissue (EIRT) from

six COVID-19 patients and reported potent C5b-9 depo-

sition in all six cases in the renal tubules and low C5b-9

deposition in glomerular capillaries in two cases [28]. In

addition, evidence from histochemical analysis of the lung

tissue of 13 patients who died from the virus exhibited the

presence of C3, C4, MBL and C5b-9 complex factors in the

epithelial cells of the lung alveoli and inflammatory cells

[29].

In this study, the serum C3 and C4 levels were increased

in a number of patients, C3 in 17 (32.07%) patients and C4

in 12 (22.64%), although this increase was insignificant

compared to the control group.

Complement activation and improper regulation are

likely to play an important role in the pathogenesis of acute

lung injury caused by highly pathogenic viruses including

influenza A, H1N1, H5N1, H7N9, SARS-COV and MERS

[30]. In addition, the complement activation has been

reported in the chronic form of hepatitis C (HCV) and there

is an association between HCV pathogenesis and improper

complement activity [31]. A recent study in Milan, Italy,

found an increase in C5a level due to activation of the C5

fragment and an increase in the level of soluble MAC

(C5b-9 s) in plasma samples of patients with severe

COVID-19, confirming the hypothesis that C5 fragment

blocking could be a potential treatment for COVID-19

[32]. In a study on a 71-year-old Caucasian man with a

history of underlying disease and COVID-19 infection,

treatment with C3 inhibitor significantly reduced compli-

cations of lung inflammation and improved the patient’s

clinical and laboratory symptoms [9]. Further, approved

eculizumab, RUCONEST (C1INH) and anti-C5a and anti-

C3 investigational drugs have been prescribed and well

tolerated in COVID-19 patients [9, 33, 34].

The serum Vit D level in the studied patients were

significantly lower than in healthy individuals. In this

regard, studies in different populations reported a signifi-

cant relationship between Vit D levels in COVID-19

patients and healthy individuals, in line with the findings of

this study that demonstrated lower Vit D level in COVID-

19 patients [35–38].

One of the limitations of this study is the small size of

critically ill patients; it is necessary to study a larger

population of patients. Given the widespread pandemic and

increasing importance of COVID-19, these and other

inflammatory factors and complement system anaphyla-

toxins, including MBL, C3a, C5a and factor D, are sug-

gested to be measured in extensive studies on COVID-19

patients with acute and critical conditions.

Conclusion

The CH50 activity level in the patient group compared to

the control group showed a significant decrease, which

could indicate an increase in the activity of the classical

complement pathway and a consequent decrease in the

serum of infected people. The results of the present study

demonstrated a significant decrease in serum Vitamin D

level in patients compared to the control group. Given the

strong biological evidence and relative immunity of Vita-

min D supplements, it makes sense to support and apply

this vitamin in this pandemic, especially for people at risk

for Vitamin D deficiency. The findings from this study

found no significant relationship between C3 and C4 levels

in the patient and control groups. Although these two

factors were increased in a number of patients, it can be

said that this result was not unexpected due to the limited

number of patients with severe clinical conditions in this

study.
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