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Abstract

Introduction Detecting low viral load has been a challenge
in this pandemic, which has led to its escalated transmis-
sion. Complement activation has been implicated in patho-
genesis of Covid-19 infection. Thus, evaluation of comple-
ment activation in suspected Covid-19 infection may help to
detect infection and limit false negative cases thus limiting
transmission of infection. We speculate that measuring C4b,
produced from an activated complement system due to the
presence of Covid-19 may help in its detection, even when
the viral titers are low.

Methods Plasma C4b levels of symptomatic RT-PCR posi-
tive patients (cases, n=40); symptomatic RT-PCR negative
patients (n=35) and asymptomatic RT-PCR negative con-
trols (n=40) were evaluated. Plasma C5b-9, IL-6, D-dimer
and Cl-Inhibitor (C1-INH) were also measured in cases
and controls. ELISA kits were used for all measurements.
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Statistical analyses were carried out using Stata, version 12
(Stata Corp., Texas, USA).

Results C4b levels were found to be significantly increased
in RT-PCR positive patients as compared to asymptomatic
RT-PCR negative controls. RT-PCR negative but symptom-
atic patients still showed increased C4b levels. The signif-
icantly higher levels of C4b in cases with a cut-off value
of 2116 ng/ml with optimum sensitivity and specificity of
80% and 52% respectively is indicative of its possible use as
an adjunct marker. Increased levels of D-dimer, IL6, along
with decreased levels of C1-INH were found in cases com-
pared to controls. Whereas, C5b-9 levels were not signifi-
cantly raised in cases.

Conclusions The results of our study suggests that plasma
C4b may help to detect infection in false negative cases
of RT-PCR that escape detection owing to low viral load.
However, to confirm it a large-scale study is needed.
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Introduction

Severe acute respiratory syndrome corona virus 2 (SARS-
CoV-2) referred to as Covid-19 has emerged as a public
health emergency with high morbidity and mortality [1-3].
This virus has been reported to be highly infective and limit-
ing its transmission has been a challenge in this pandemic.
Timely diagnosis of corona-infected cases is the most
essential part of prevention of disease. The most established
diagnostic test to Covid-19 infection is the RT-PCR test,
which detects the viral nucleic acid while other tests detect
either viral protein(s) or antibodies against viral protein(s).

Table 1 Detail of Study Participants

Study participants detail Cases (1) Controls RT PCR
RT PCR —ve
+ven=40  With Without
Symp- Symp-
toms (2) toms (0)
n=35 n=40
Age, mean (95% CI) 54.25 30.48 27.25
(49.8-59.1) (27.49- (26.19—
33.46) 28.30)
Male, n (%) 32 (80) 21 (60) 23 (57.5)
Female, n (%) 08 (20) 14 (40) 17 (42.5)
Fever (=38° C), n (%) 40 (100) 33 (94) None of
Cough, n (%) 40 (100) 32(91)  thepar-
Sore throat, n (%) 32 (80) 29 (83)  Ucipants
Difficulty in breathing, n (%) 32 (80) 09 (26) lsl}fﬁlzl_ly
Tiredness, n (%) 40 (100) 25 (71) tom
Chest pain, n (%) 29 (73) 07 (20) in this
Breathlessness, n (%) 26 (65) 06 (17) group
Loss of taste, n (%) 23 (58) 06 (17)
loss of smell, n (%) 19 (48) 06 (17)
Body ache, n (%) 38 (95) 20 (57)
Headache, n (%) 32 (80) 11(31)
Vaccination status None* n=25FV None*
n=10 PV
Previous covid-19 status No such n=10 (had No such
history** previous  history**
history)

Group differences were analysed by one-way ANOVA with a Krus-
kal- Wallis post- test for comparison between each subgroups,

where p<0.05 was considered significant

*None were vaccinated in these two groups because Covid19 vaccine
was not available in 2020

**None had previous history of infection with Covid19 in these two
groups, as these participants were of early Covid 19 period,

i.e. in 2020
FV =Fully vaccinated PV =Partially vaccinated

Groupl: RT PCR positive cases, Group 2: Symptomatic RT-PCR
-negative control, Group 3 : Asymptomatic RT PCR negative control
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There have been evidences where the RT-PCR test has been
reported to have low sensitivity and cases with low viremia
load escape detection by this test [4, 5].

In severe cases of Covid-19 infection, the pathologies are
mediated by immune responses with the complement sys-
tem playing the key role [6]. Many studies have unfolded
the possible role of over-activated complement pathway(s)
in acute and chronic inflammatory response, tissue injury
and coagulopathy observed in Covid-19 patients [6]. Evi-
dence of complement activation in lung tissue, skin, and
sera has been reported. Also, the treatment with complement
inhibitors helped in recovery without any adverse reactions
[7]. Hence, complement activation may become instrumen-
tal in detecting the infection by measuring some comple-
ment fragment produced as a result of its activation due
to presence of virus. Generation of complement fragment
C4b from activated C4 has been reported in viral infections
[8, 9]. Also, activation of Lectin Pathway by recombinant
SARS-CoV-2 proteins has been reported to bind C4b [10].

It is important to note that C4b levels have never been
looked for complement activation in Covid-19 patients till
date. We speculate that measuring C4b, produced from an
activated complement system due to the presence of Covid-
19 may help in its detection, even when the viral titers are
low.

Further, though the vaccines against Covid-19 have
provided protection from the disease and the rate of viral
transmission has dropped significantly [11], detection of
Covid-19 infection in the vaccinated population with mild
symptoms due to low viral titers may pose a challenge. Stud-
ies have reported that increased viral load is associated with
Covid-19 symptoms as well as with duration since infection
[12—15]. The immunized host with a primed immune system
against the virus doesn’t allow the virus to replicate that fast
when infected, and maintain low viral titers with only mild
symptoms [16] and may escape detection. Hence, diagnos-
ing such cases is important to further limit the transmission.
In view of this, we evaluated C4b levels in cases, controls
and vaccinated individuals who had flu-like symptoms but
tested negative with RT-PCR. Other markers of Covid-19
infection like C5b-9, IL-6, D-dimer, and C1-INH were also
investigated in this study.

Materials and methods

Study participants The study consisted of 40 cases and
40 control samples. Cases were mild symptomatic, stable
patients, tested positive with RT-PCR (PCR cycle thresh-
old value for positivity of infection was less than 35 in all
samples) and admitted to hospital whereas controls were
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RT-PCR negative and without any flu-like symptoms. Later,
another 35 participants were recruited who tested negative
with RT-PCR but had flu-like symptoms as observed in
Covid-19 patients. This group of participants were mostly
vaccinated (n=25) with Covaxin and few had only the
first dose of the same vaccine (n=10) (Table 1). Most of
them completed vaccination in the months of February and
March 2021.

The study protocol was approved by the Institutional ethical
committee of All India Institute of Medical Sciences, Patna,
Bihar, India and informed consent were obtained from all
the participants.

Table 1 shows the detailed information of participants.

Sample collection

As per Institute’s guidelines, the institute’s employees who
were either symptomatic or had exposure to high risk con-
firmed positive cases of Coronavirus were tested by RT-
PCR at the Institute’s laboratory. A database of the same
was available for the research team, which was utilized
for collection of samples. The major part of the study was
conducted from October to December 2020. A part of study
(with 35 samples) was done in the month of July 2021.

All test samples were collected in ethylenediamine tetra-
acetic acid (EDTA) anticoagulant vials and were stored at
4 °C. These were centrifuged at 3000 rpm for 10 min within
1 h after venipuncture and plasma was stored at -20 °C for
further analysis. Levels of C4b, C5b-9, C1-INH, D-dimer
and IL6 were evaluated in samples collected in the cases
and control group. However, C4b levels were also measured
in symptomatic patients, tested negative with RT-PCR test.

Measurement of C4b, C5b-9 and C1-INH

Levels of C4b, C5b-9 and C1-INH were evaluated by ELISA
kits (Bioassay Technology, Shanghai Korain Biotech Co)
according to manufacturer’s guidelines with some minor
modifications. In brief, 40 pl of plasma sample, 10 pl of bio-
tinylated human antibody (against the specific protein), and
50 pl of streptavidin Horseradish Peroxidase (HRP) were
added to the pre-coated plate with specific antibody. This
was incubated at 37 °C for 60 min and washed with a 1X
washing buffer using an automated ELISA washer (SW40,
Bio-Rad California, USA). Further, 50 pl of substrate solu-
tion ‘A’ and ‘B’ were added and incubated at 37 °C for
10 min. Finally, 50 pl of H,O, solution was added and
optical density (OD) at 450 nm was taken within 10 min of
addition of H,0, using microplate reader (PR4100 Bio-Rad

USA). The calculation was performed with computer-based
curve-fitting software (Magellan, PR4100 Bio-Red, USA).

Evaluation of D-dimer

The levels of D-dimer were evaluated by Immuno-turbi-
dometry assay by STA-Liatest D-Di plus kit. This assay is
based on measurement of change in turbidity of a micropar-
ticle suspension by photometry.

A suspension of latex microparticles, coated with mono-
clonal antibodies specific for D-dimer, was mixed with the
plasma. The turbidity developed due to an antigen-antibody
reaction leading to an agglutination of the latex micropar-
ticles was measured photometrically as an increase in
absorbance.

Evaluation of IL-6

The levels of IL-6 were evaluated using the ADVIA Centaur
IL-6 immunoassay kit using chemiluminescent technology.
The Solid Phase consisted of anti-IL-6 mouse monoclonal
antibody coated paramagnetic microparticles. The plasma
sample was incubated with acridinium ester-labelled mono-
clonal mouse anti-IL-6 antibody as the Lite Reagent and
Solid Phase reagent to allow formed immune complexes
to be captured by the particles. After incubation, the par-
ticles were washed before addition of the ADVIA Centaur
Acid Reagent and ADVIA Centaur Base Reagent to initiate
the chemiluminescent reaction. A direct relationship exists
between the amount of IL-6 present in the sample and the
amount of Relative Light Units (RLUs) detected by the
system.

Assay Procedure

The system automatically performs the following steps. (i)
Dispenses 50 uL of sample into a cuvette. (ii) Dispenses
140 pL of Solid Phase and 100 pL of Lite Reagent, and then
incubates for 7.5 min at 37 °C on the ADVIA Centaur XP/
XPT systems and 9.7 min at 37 °C on the ADVIA Centaur
CP system. (iii) Separates the Solid Phase from the mix-
ture, aspirates the unbound reagent, and washes the cuvettes
with ADVIA Centaur Wash 1. (iv) Dispenses 300 pL each
of ADVIA Centaur Acid Reagent and ADVIA Centaur
Base Reagent to initiate the chemiluminescent reaction. (v)
Reports results.

Statistical Analysis
All statistical analyses were carried out using Stata, ver-

sion 12 (Stata Corp., Texas, USA). Continuous variables
were presented as mean with 95% confidence interval (CI).
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Test of significance based on parametric distributions was  of continuous variables. Pearson’s correlation coefficient
applied after checking for the normality conditions of con-  was computed and t-test for correlation coefficient was
tinuous variables. Student’s t-test for difference of mean  applied to test the significance of all computed correlations.
between two groups was used for comparing mean values  Receiver operating characteristics (ROC) curve was used to

A. C4b level B. ROC curve of C4b
Type of 0 Mean* (SD) ANOVA, F-stat
° Covid19
S | Asymptomatic
RT-PCR 34 | 7287(26.14) 30.40; p=0.0001 o
Negative (0) S
Symptomatic Post-Hoc Comparison
.’E RT-PCR 40 | 312.49(21030)
= Posilive (1) 1vs2; p=1.000
WS Symptomatic 1vs 0; p=0.0001 ©
= © 7 RT-PCR 35 | 308.38(128.03) 2vs 0 p=0.0001 S |
‘_’ Negative (2)
3 *Excluding outlicrs; # Unit in ng/ml
o= 2
= 2
Sfo =3 |
=38 go’
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Fig.1 Evaluation of plasma C4b levels. (A) Comparison of mean levels of C4b (ng/ml) among asymptomatic RT-PCR negative subjects (0), symp-
tomatic RT-PCR positive (1), and symptomatic RT-PCR negative (2). The values are shown in the insert table with p-values showing the statistical
significance among three groups. The mean C4b levels of symptomatic subjects irrespective of RT-PCR positivity were not significantly different
(p-value = 1.00), whereas these levels were significantly different in comparison to RT-PCR negative asymptomatic controls. (B) Receiver Operat-
ing Characteristic (ROC) curve for C4b with area under curve (AUC): ROC curve was analysed for C4b values in cases and controls. The cases
were RT-PCR positive with symptoms while controls included RT-PCR negative, with and without symptoms. Based on three methods of deter-
mining cut-off, the optimum cut-off value of C4b was > 116 ng/ml with the optimum sensitivity 80% and specificity 52.17% The mean area under
the curve was 0.70 with 95% Confidence Interval (CI) of AUC 0.614-0.786. Likelihood ratio was determined to be + 1.67 with accuracy =62.4%

A. C5b-9 level B. C1-INH level
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Fig. 2 Evaluation of plasma levels of (A) C5b-9 and (B) C1-INH. (A) Mean comparison of plasma C5b-9 levels (ng/ml) between Covid19 cases
(1) and controls (0): Mean C5b-9 levels with 95% CI in cases and controls were 257.90 (223.47-292.32) and 235.10 (205.23-264.95) respectively,
and were not significantly different (t-stat=1.01; p-value=0.3144). (B) Mean comparison of plasma CI1-INH levels (ng/ml) between Covid19
cases (1) and controls (0): Mean C1-INH levels with 95% CI in cases and controls were 510.09 (383.94-636.24) and 1124.20 (959.10 —1289.30)
respectively, and were significantly lower in cases (t-stat=-5.97; p-value=0.0001)
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determine the cut-off values with optimum sensitivity and
specificity. Linear regression model was used to model the
dependent variable C4b using independent variables like
markers of Covid-19, disease status.

Results

To assess complement activation in Covid-19 infection, we
measured plasma C4b levels in RT-PCR positive Covid-19
cases, RT-PCR negative asymptomatic controls and RT-PCR
negative symptomatic vaccinated cases. The C4b levels
were found to be significantly raised in both symptomatic
RT-PCR positive and symptomatic RT-PCR negative cases
as compared to asymptomatic RT-PCR negative controls
(Fig. 1 A/Table 1). The C4b value of 312.49 ng/ml of symp-
tomatic RT-PCR positive and 308.38 ng/ml of symptomatic
of RT-PCR negative cases were not significantly different.
However, they were statistically significantly different from
asymptomatic RT-PCR negative controls (C4b of 72.87 ng/
ml) (Fig. 1A). The cutoff value of C4b>116 ng/ml with
optimum sensitivity and specificity 80% and 52% respec-
tively shows its predictive potential in mild cases (Fig. 1A
&1B).

Next, we determined the level of C5b-9 (membrane
attack complex) which is the terminal complement pathway
effector to form cytotoxic pores on the surface of pathogens
and it is associated with Covid-19 patients [17]. Figure 2A
presents the mean comparison of C5b-9 between Covid-19
cases and healthy controls. The levels of C5b-9 were not
statistically different in these groups.

A. IL-6 level
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The regulation complement activation was assessed
by measuring C1-INH and the mean values of C1-INH
in Covid-19 cases were significantly lower than controls
(Fig. 2B).

Further, to understand early pathogenesis of Covid-19,
we measured IL-6 levels as the inflammatory cytokines as
they are associated with ICU Covid-19 patients [18, 19].
The mean levels of IL-6 in Covid-19 cases were signifi-
cantly higher than controls (Fig. 3A) D-dimer, a marker of
coagulopathy has been found to be increased during Covid-
19 progression [20], thus we also measured it in Covid-
19 cases. Significantly increased levels of D-dimer were
observed in Covid-19 cases than controls (Fig. 3B).

Discussion

The immune-driven pathologies have been observed in
severe cases of SARS-CoV-2 infections with proven con-
tribution of complement activation in its pathogenesis [6].
The spike protein of SARS-CoV-2 has been identified as
the activator of the complement system [21]. Multiple stud-
ies have reported increased complement activation products
in the plasma and/or their deposition in target organs of
patients with Covid-19 infection [6, 22, 23].

Thus, we evaluated plasma levels of complement frag-
ments like C4b and C5b-9 in the mild and stable patients
suffering from Covid-19 infection and who were RT-PCR
positive. The C4b levels in symptomatic RT-PCR negative
cases were also evaluated. Asymptomatic RT-PCR negative
participants were taken as controls. Our findings reported

B. D-Dimer level

& 4 .

15

D-DIMER
10
.

Fig. 3 Evaluation of plasma levels of IL6 ( A) and (B) D-dimer. (A) Mean comparison of IL-6 levels (pg/ml) between Covid19 cases (1) and con-
trols (0): Mean IL6 levels with 95% CI in cases and controls were 44.68 (26.08-63.28) and 3.07 (2.26-3.89) respectively and were significantly
higher in cases (t-stat=4.52; p-value=0.0001). (B) Mean comparison of D-dimer levels (ng/ml) between Covid19 cases (1) and controls (0): Mean
D-dimer levels with 95% CI in cases and controls were 2.27 (0.94-3.59) and 0.365 (0.296-0.435) respectively, and were significantly higher in

cases (t-stat=2.90; p-value=0.0048)
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significantly higher levels of C4b in Covid-19 patients. We
speculate that the complement system in Covid-19 infec-
tion may be over-activated and hence the increased levels
of C4b. Thus, the C4b complement fragment being the first
cleaved product of activated C4, may act as an index to
mark the activation of complement by Lectin Pathway (LP)
or Classical Pathway (CP). Earlier a study on pulmonary
tuberculosis had used serum levels of C4b as the marker
of complement activation in the early stage of LP activa-
tion [24]. Also, a recent study reports the binding of C3b
and C4b with recombinant SAR CoV2 proteins (S or N)
[10]. Hence, in Covid-19 infection too, plasma C4b levels
may be used as a marker of complement activation, ensur-
ing the presence of virus in the host. Further, we found sig-
nificantly increased C4b levels in symptomatic cases also,
who tested negative by RT-PCR. It is possible that the viral
load in the symptomatic RT-PCR negative group might have
been very low to be detected by RT-PCR test; however, this
viral load was sufficient to activate the host’s complement
system thereby producing C4b fragments which were mea-
sured. Importantly, whereas low sensitivity of RT-PCR test
has not been able to detect virus in mild to moderate infec-
tion due to low titer [5, 10], evaluation of C4b levels may
help to mark the presence of virus even at its very low titer.
Similar observation has been reported in HIV patients [9]
who had viremia which was undetectable with conventional
assays [25-30]. However, the plasma levels of complement
Factor I and C4b peptides had strong predictive value to
detect viremia in these individuals [9]. In our study, the
C4b levels in symptomatic but RT-PCR negative cases were
significantly different from asymptomatic RT-PCR nega-
tive controls affirming the sensitivity and specificity of C4b
measurement. Hence, the plasma C4b levels with a cutoff
value > 116ng/ml for Covid-19 cases relative to controls, as
determined in our study, with the optimum sensitivity and
specificity 80% and 52% respectively, may be used to pre-
dict viremia even at low titer. It is even more important in
the initial phase of infection, which is presented with mild
symptoms [12—15] and when 54% of Covid-19 patients may
have an initial false-negative RT-PCR (very low certainty of
evidence) [31]. Hence, to limit the transmission of Covid-
19 infection, it is critical that the cases presented with mild
symptoms should be detected and not be labeled as negative.

Therefore, we speculate that C4b, if studied on large
number of subjects of all age groups, individuals with
comorbid conditions and ICU patients, can be an adjunct
marker for diagnosing symptomatic patients tested negative
by RT-PCR.

Further, C5b-9 levels have been reported as an index
of severity in Covid-19 infection as C5b-9 also has a role
in neutrophil activation and inflammation that leads to
endothelial damage [22, 23]. Our findings on C5b-9 levels
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showed no significant increase in cases than controls as the
patients had mild to moderate clinical presentation and were
stable when the blood samples were collected.

The activation of complement pathways is regulated by
many proteins such as C1-INH, C4BP (C4b-binding pro-
tein), MAP-1 (MBL/ficolin/CL-associated protein-1) and
SMAP (small MBL-associated protein) [32]. Also, it has
been reported that a pathogen specific mechanism in SARS-
CoV2 directly depletes C1-INH, which is responsible for
several systemic manifestations exhibited by Covid-19
patients [33]. Activation of the complement system leads
to consumption of C1-INH leading to decrease in its serum
levels [34, 35]. We observed significantly lower levels of
CI-INH inCovid-19 patients as compared to controls, thus
suggesting over activation of the complement system in
Covid-19 infection leading to consumption and depletion of
C1-INH.

Coagulopathy has been a striking feature in Covid-19
infection. It has been scientifically proven that there is a
high degree of crosstalk between complement and coagula-
tion pathways [36-38]. It means that over activated com-
plement is associated with activated coagulation process
also [7]. In our study D-dimers levels were found to be
significantly increased in cases than in controls indicating
increased coagulopathy. Also, significantly increased levels
of IL6 found in our study among cases further confirms pro-
inflammatory state in Covid-19 infection which is associ-
ated with over activated complement system [39].

An earlier study on viral infections found that comple-
ment C4 has an antiviral effect independent of downstream
complement activation and prevents viral infection through
capsid inactivation [8]. Also, the plasma levels of comple-
ment Factor I and C4b peptides are associated with HIV
suppression [9]. Further research is needed to ascertain if
C4 has any antiviral activity against Covid-19 also.

Conclusions

The results of our study suggest that the evaluation of plasma
C4b if studied on large number of subjects of all age groups,
individuals with comorbid conditions and ICU patients, can
be an adjunct marker for diagnosing symptomatic patients
tested negative by RT-PCR.

At last, it is important to note that sampling errors are
minimal in taking blood samples as compared to oropharyn-
geal and nasopharyngeal swabs which needs skilled hands.
It will always be safer to have a marker in blood than in
other biological samples.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s12291-
022-01033-z.
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