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Abstract. In the present study, we investigated the association between complement system status at the time of admission
and clinical outcomes in COVID-19 patients. This single-center study was carried out with sixty-one adult patients
with COVID-19 who were hospitalized at Imam Hassan Hospital of North Khorasan University of Medical Sciences
(Bojnurd, Iran) with less than three days passage since onset of COVID-19 symptoms. Twenty-three healthy volunteers
with demographic features similar to the patient group (matched by age and gender) were included in the study as a control
group. Patient information including demographic information, demographic data, clinical characteristics, and clinical
outcomes were obtained from electronic medical records. Of 61 hospitalized patients with COVID-19, 28 (47.54%) were
female, and the average age was 48.7+8.8 years. The healthy control group included 23 cases (11 (47.8%) female, 12 (52.1%)
males, mean age 46.4+4.4 years). Twenty-one of the 61 patients (34.4%) were admitted to the ICU, and sixteen of them
(26.2%) died. Thirty-three (54.10%) patients with COVID-19 were hospitalized for less than 7 days, and 28 (45.90%)
of them were hospitalized for > 7 days. Our results show that length of hospital stay in the no-ICU group was significantly
lower than the ICU admission or death groups (6.4910.24 vs. 8.85%1.59 and 10.53+1.80, p = 0.0002). The levels of C3, C4,
and CH50 were determined through the immunoturbidimetric method and single-radial-haemolysis plates, respectively,
on serum samples obtained from patients at the time of admission or those in the control group. Our results indicate
that C3, C4 and CHS50 levels were markedly lower in COVID-19 patients than in the control group. We also found that
complement parameter levels in COVID-19 patients who died or were admitted to ICU were significantly lower than
in non-ICU COVID-19 patients. In general, it seems that serum level of C3, C4, and CH50 at admission may predict
disease progression or adverse clinical outcome in COVID-19 patients.
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CBS13b YPOBHSA CbIBOPOTO4HbIX C3, C4 U OBLLENA AKTUBHOCTU KJITACCUYECKOIO
nyTU AKTUBALUN KOMIJIEMEHTA Y NALLMEHTOB C COVID-19 NPU TOCMUTAJIU3ALUU
C KJINHWYECKUM UCXO40M
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A. Razietal. MHdekumns n uMmyHuTeT

BKJTIOUEHBI TOCITUTAIM3UPOBAHHEIE B 00IBHUIY MMaMa XacaHa CeBepo-XopacaHCKOro YHUBEPCUTETa MEIUIIMHCKIX
Hayk (bomxnypn, Mpan) B3pocnbie manueHTsl ¢ COVID-19 (n = 61), y KOTOPBIX ¢ MOMEHTA TIOSIBJICHUSI CAMITTOMOB
COVID-19 npouuto meHee Tpex nHei. KOHTpoJbHYIO I'pyIIy COCTaBUJIM 23 3M0POBBIX TOOPOBOJIbIIA, CXOMHBIX
10 BO3PAcTy M IOJy C OCHOBHOI rpymnmnoii. MHbopMalus o nauueHTax, BKJIOYas JaHHBIE O BO3pacTe, MOJOBOM
MPUHAIIEKHOCTU, 0COOCHHOCTSX KIMHUUECKOTO TEUSH U ST M CX0aX 3a00/1eBaHM I, OblJ1a TIOJYUEHbI U3 2JIEKTPOHHBIX
MEIMLMHCKUX KapT. M3 umcia rocnutanusupoBaHHbix ¢ COVID-19 manueHToB 47,54% COCTaBJISLIA XEHIIUHBI
(28 u3 61), cpenHuii Bo3pacT nauueHToB — 48,7+8,8 roga. B koHTponbHylo rpynny Bouwiu 23 yenoseka (11 (47,8%)
keHinuH U1 12 (52,1%) myxuuH), cpenHuit Bo3pact — 46,4+4.4 roga. IBaguatsh oguH u3 61 nauuenra (34,4%) Obu1
HaIpaBJieH B oTaeeHre nHTeHcuBHOM Tepanuu (OUT), u3 Hux mwectHaauats (26,2%) ymepau. [1pogoikuTe1bHOCTD
rocnutanuzauuu 33 (54,1%) mauumentoB ¢ COVID-19 cocraBuna < 7 nueit, 28 (45,9%) maLKeHTOB HaXOMMJIKUCh
B cranmoHape > 7 mHeii. [Toka3aHo, 4TO MPOXOKUTEILHOCTh MIPEOBIBAHNS B CTallMOHAPE B TPYIIIE MAIlUCHTOB,
He HYXIaBIIWXCS B OKa3aHUY MeINIIMHCKOI rtoMoiny B OM T, Obl1a 3HAaUMTENIBHO HUXKE, YeM B TPYIIIIaX IMallUeHTOB,
noMelneHHbIX B OUT, nnu ymepiuux (6,49£0,24 nporus 8,85+1,59 u 10,53£1,8 coorBercTBeHHO, p = 0,0002). YpoBHU
C3, C4 onpeaenstiu MMMYHOTYPOUAMMETPUUYECKUM MeToAoM, ypoBeHb CHS50 — omHOMEpHBIM paaualbHbIM
remMosiu3oM. MaTepuanoMm IJIsl UCCIEAOBAHUM CIyXKUIM 0Opas3lbl CHIBOPOTKH, MOJYYEHHbIE OT IMallMEHTOB IpPHU
MOCTYIJIEHUHU B CTAllIMOHAD U OT JIMLI KOHTPOJIBHOM IPYMIIbI. YCTaHOBJIEHO, 4TO y aiueHToB ¢ COVID-19 ypoBHu C3,
C4 1 CH50 66111 cyIIeCTBEHHO HUXKE, YeM Y JTULI KOHTPOJIBHOM rpyIinel, a y nanueHToB OUT u yMepinnx — HUXe, 4eM
y nanueHToB ¢ COVID-19, He HyxxpaBmuxcs B Tepanuu B ycaosusx OUT. Takum o6pa3oM, BO3MOKHO, UTO YPOBEHD
ceiBopoTouHbIX C3, C4 u CH50 nipu MoCTYIJIEHUM MOXET SIBJSITHCS TTPOTHOCTUUECKUM (PAKTOPOM JaJIbHEHIIEro

Te4eHUs 3a00JIeBaHUS M Pa3BUTHS HEOMATOIMIPUSTHRIX KIMHUUECKUX McXomoB y manueHToB ¢ COVID-19.

Karouesnie caosa: COVID-19, cucmema Kkomniemenma, KAUHUMeCKUi pe3yabmam, omoenenue UHMeHCUGHol mepanuu, 8biINUCKd,

CMepMmMHOCMmb.

Introduction

More than a year after its emergence, COVID-19,
the disease caused by SARS-CoV-2, continues
to plague the world and dominate our daily lives [2].
Patients with COVID-19 may develop symptoms
such as fever, dry cough, pharyngeal pain, tired-
ness, abdominal pain, diarrhea, conjunctivitis,
muscle fatigue, or pneumonia; some are left with
serious side effects or even die [14]. Previous stud-
ies have reported that 14.1-33.0% of COVID-19
patients are prone to develop into severe cases, and
the mortality rate of critical cases is 61.5%, increas-
ing sharply with age and underlying comorbidi-
ties [22, 23]. In more severe cases of COVID-19,
patients can develop acute respiratory distress syn-
drome (ARDS), leading to a worse prognosis [9].
Deregulated activation of multiple adaptive and in-
nate immune pathways (including T cell activation,
cytokine expression from macrophages and neu-
trophils, the complement system, and several pro-
coagulant and thrombogenic pathways) is believed
to fuel a hyperinflammatory state that drives ARDS
and may lead to multiple organ injury and finally
death in COVID-19 [13, 19].

The complement system is a key part of the in-
nate immune system which plays an important role
in defense against foreign pathogens such as viruses
but, in addition to being an important part of the im-
mune defense system, it plays a critical role in pro-
moting the inflammatory process that leads to organ
dysfunction [21]. Although several studies have been
carried out on the complement system in COVID-19
and its relationship with clinical outcomes [5, 6, 8,

12, 25], they did not indicate a clear protective or
adverse effect of this system. Dheiret al. in a retro-
spective study showed there is no significant differ-
ence, in terms of C3 and C4 levels, in both ICU and
non-ICU COVID-19 patients [5]. They suggested
that measurement of C3 and C4 levels cannot be used
to show severity disease [5].

Controversially, Ghazavi et al. found that the lev-
els of C3 and C4 in non-severe COVID-19 patients
were significantly higher than in severe-COVID-19
patients [8]. A previous study by Fang et al. also indi-
cated decreased complement C3 levels are associated
with poor prognosis in COVID-19 patients [6]. Java
and colleagues claimed that the role of the comple-
ment system in COVID-19 patients is time depend-
ent, wherein complement activation in the first week
of infection can serve as a “friend”, and its activa-
tion in the second or third weeks of infection can be
a “foe” [12]. Zinellu et al., in a systematic review,
concluded that lower concentrations of C3 and C4
are significantly associated with higher COVID-19
severity and mortality [25]. They suggested that ad-
ditional studies are required to determine whether
measurement of complement components can be
useful to predict adverse clinical consequences
in COVID-19 patients [25].

Therefore, we conducted a study to assess the as-
sociation between complement system status at
the time of admission and clinical outcomes (e.g.,
length of stay, ICU admission, discharge, mortality)
in COVID-19 patients. Understanding this associa-
tion will help us elucidate the role of the complement
system for prediction of the risk of developing critical
COVID-19.
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Materials and methods

Study design and participants. This single-center
study was carried out with sixty-one adult patients
with COVID-19 who were hospitalized at Imam
Hassan Hospital of North Khorasan University
of medical sciences (Bojnourd, Iran) from April 20
to August 5, 2021 with less than three days passage
since the onset of COVID-19 symptoms. All pa-
tients with a positive RT-PCR test for SARS-CoV-2
and common CT imaging findings associated with
COVID-19 were included in the study. Patients
also had no history of SARS-CoV-2 infection or
COVID-19 vaccination.

Available data suggest that patients with mild-to-
moderate COVID-19 remain infectious no longer
than three days after symptom onset. Recent evi-
dence indicates that age and comorbidities could pos-
sibly confound the association between complement
system status and clinical events [16]. Therefore, we
adjusted for sex, age and comorbidities. Twenty-three
healthy volunteers with demographic features simi-
lar to the patient group (matched by age and gender)
were included in the study as a control group.

Data collection and assessment of serum comple-
ment levels and activity. We obtained demographic
data, exposure history, chronic medical histories,
clinical symptoms or signs, clinical outcomes, and
hospitalization duration from electronic medical re-
cords. We also collected serum samples from PCR-
confirmed COVID-19 patient samples sent to Imam
Hasan Hospital laboratory on the first day of admis-
sion for analysis of serum levels of C3, C4, and to-
tal classical complement activity (CH50 assay) pre-
sent in the serum. We also collected blood samples
from the healthy controls with a negative PCR-test
for COVID-19. Blood samples were centrifuged im-
mediately, and serum was obtained and frozen at
—70°C until use.

Serum C3 and C4 concentrations were determined
using kits from Roche Diagnostics (Indianapolis, IN,
USA) according to the immunoturbidimetric meth-
od [18]. The CHS50 test was evaluated using single-
radial-haemolysis plates (Biogen, Iran) as described
elsewhere [18]. All values were compared to the nor-
mal ranges which were reported as: 89—187 mg/dL
for C3; 10—40 mg/dL for C4; and 70—130 mm
for CHS50.

Statistical analysis. All statistical analyses were car-
ried out using GraphPad Prism 5.0 (GraphPad, San
Diego, CA, USA). Data distribution was analyzed by
a Kolmogorov-Smirnov test. According to the results
of the normality test, a one-way ANOVA followed by
Dunn’s or Tukey’s post-hoc test, or a non-parametric
Kruskal—Wallis test, were used for statistical com-
parisons. Analyses were adjusted for age, sex and co-
morbidities. Data were expressed as mean * standard
deviation (SD). Values of p < 0.05 (*) were considered
significant.

Results

Demographic data and clinical characteristics. Of 61
hospitalized patients with COVID-19, 28 (47.54%)
were female, and the average age was 48.718.8 years.
The most commonly self-reported symptoms at on-
set of illness were fever (n = 41 [67.2%]), cough (n =
39 [63.9%]), fatigue or myalgia (n = 19 [31.4%]), di-
arrhea (n = 9 [14.7%]), or headache (n = 6 [9.8%]).
Twenty-six (42.6%) patients had comorbidities, in-
cluding cardiovascular disease (n = 10 [38.4%]), dia-
betes (n = 6 [23.0%]), hypertension (n = 7 [26.9%]),
chronic kidney disease (n = 3 [11.5%]), and endo-
crine system diseases (n = 2 [7.6%]). The healthy
control group included 23 cases (11 (47.8%) female,
12 (52.1%) males, mean age 46.414.4 years).

Twenty-one of the 61 patients (34.4%) were ad-
mitted to the ICU, and sixteen of them (26.2%) died.
Thirty-three (54.10%) patients with COVID-19 were
hospitalized for less than 7 days, and 28 (45.90%)
of them were hospitalized for > 7 days. Our results
show that length of hospital stay in the non-ICU
group was significantly lower than in the ICU admis-
sion or death groups (6.49+0.24 vs. 8.85+1.59 and
10.53%+1.80, p = 0.0002).

C3, C4, and CH50 levels in COVID-19 patients
and the healthy control group. As shown in Table, se-
rum C3 and C4 concentrations and CH50 assay were
markedly lower in COVID-19 patients than in the
healthy control group. Further statistical analysis
showed that serum levels of C3, C4, and CH50 in the
non-ICU admission group were statistically higher
than in the death and ICU admission groups. We
did not observe a significant difference in C3, C4,
and CHS50 levels between ICU admission and death
groups of COVID-19 patients (p > 0.05).

We also analyzed the relationship between C3,
C4, and CH50 levels in COVID-19 patients and
hospital length of stay. As shown in Figure, serum
levels of C3, C4, and CHS50 at the time of admis-
sion in COVID-19 patients who were hospitalized
for 7 or more days were statistically lower than
in COVID-19 patients who were hospitalized less
than 7 days (p < 0.05).

Discussion

The complement system efficiently recognizes
and eliminates viral pathogens via several mecha-
nisms including: opsonization of viruses; lysing
of virus-infected cells; induction of an antiviral im-
munoinflammatory state; boosting of virus-specific
immune responses; and directly neutralizing cell-
free viruses [1]. On the other hand, complement
activation in viral infections may play a critical role
in pathogenesis, clinical manifestation, and disease
severity [3, 10].

Several reports have shown that the concentration
of complement components, and serum complement
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Table. Comparison of serum C3, C4 and CH50 levels at the time of admission between COVID-19 patients
with different clinical outcomes and the healthy control group

Lab Variable Healthy Control No-ICU Admission ICU Admission Death P value
C3, mg/di 137.1£25.82 98.76+19.09 72.62+13.92 71.63+14.28 <0.0001
C4, mg/di 28.50+6.25 24.46%5.87 17.71£6.96 18.79+5.44 <0.0001
CH50, mm 94.43+13.66 91.58+17.89 77.24+12.66 78.50+7.64 0.007

activity, change in the COVID-19 patients. However,
they did not definitively determine whether measure-
ment of complement components or serum comple-
ment activity can be useful to predict adverse clini-
cal outcomes in COVID-19 patients. Therefore, this
study was designed to assess the relationship between
serum levels of C3, C4, and total classical comple-
ment activity in COVID-19 patients at the time
of admission and clinical outcomes. The results
of this study indicate that serum levels of C3 and C4
and CHS50 assay were markedly lower in COVID-19
patients than in the healthy control group. The most
interesting finding was that serum levels of C3, C4,
and total classical complement activity in COVID-19
patients who died or were ICU admitted were signifi-
cantly lower than in COVID-19 patients who were
not ICU admitted.

Conversely, Keshavarz and colleagues showed
that serum levels of the C3 and C4 factors have no
significant change between patients and healthy
individuals [15]. In another study, Zhang et al.
showed that complement C3 cannot predict dis-
ease progression [24]. Our findings are also contra-
ry to that of Dheirs et al. who found there was no
significant difference in terms of C3 and C4 levels
in both ICU and non-ICU COVID-19 patients [5].
Henry et al. have also shown that complement hy-
peractivation failed to predict progression to severe
COVID-19 [11]. In addition, they also showed that
there are no significant differences in total classi-
cal complement activity (or CH50 level) at the time
of admission between COVID-19 patients with dif-
ferent clinical outcomes [11]. These inconsistencies
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may be due to differences in study design, limited
sample size, characteristics of COVID-19 patients,
time between the onset of symptoms and obtaining
the blood sample, or confounders.

However, this study supports the findings from
previous observations [6, 8, 15]. Fang et al. in a ret-
rospective cohort study investigated C3 levels
in COVID-19 patients [6]. They showed that C3
levels in the non-survival group were significantly
lower than in the survival group; they concluded
that decreased complement C3 levels are associ-
ated with poor prognosis in COVID-19 patients [6].
The finding also match earlier findings by Ghazavi et
al., which showed that C3 and C4 levels were mark-
edly decreased in severe COVID-19 patients in com-
parison with non-severe COVID-19 patients [§].
In agreement with our data, Keshavarz et al. indi-
cated that mean CH50 activity level in COVID-19
patients is significantly reduced compared to healthy
individuals [15].

The decreased levels of C3 and C4 in COVID-19
patients (in comparison to the healthy group), and
significant differences between the non-ICU admis-
sion group and the death and ICU admission groups,
may be explained by the fact that hyperactivation
of the complement system leads to proteolytic cleav-
age of the key complement molecules C3and C4,
leading to cleavage products including C3a, C3b,
C4a, and C4b. These may trigger severe inflam-
matory responses in numerous organs [4]. In sup-
port of this possibility, Brandon and colleagues have
demonstrated that C3a and the C3a/C3 ratio are
significantly elevated in severe COVID-19 patients

*P=0.037
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Figure. Comparison of hospital stay length in COVID-19 patients with serum levels of C3, C4 and CH50

at the time of admission

Note. Data are mean+SD. *p < 0.05 was considered statistically significant.
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presenting to the emergency department compared
to mild or moderate severity COVID-19 patients [11].
On the other hand, Fletcher-Sandersjoo et al. sug-
gested that overactivation of the complement cascade
in COVID-19 patients is associated with activation
of coagulation systems and consequent severe com-
plications [7]. It is possible, therefore, that overpro-
duction of C3a and C4a following complement hy-
peractivation is associated with adverse outcomes
in patients with SARS-CoV-2 infection through
activation of the coagulation cascade and thrombus
formation.

Taken together, these results suggest that the lev-
els of complement C3, C4, and CH50 at admission
may predict disease progression and adverse clinical
outcome in patients with SARS-CoV-2 infection.
These findings may be somewhat limited by several
confounders, such as different viral strains, sociode-
mographic factors, and various types of drug thera-
py during hospitalization [17, 20]. Thus, we suggest
that future studies include: investigation of alteration
of C3 and C4 at different stages of the disease; de-
termination of the relationship between serum lev-
els of C3 and C4 and inflammatory biomarkers; and
design of clinical trials with complement inhibitors,
such as a C3 inhibitor.
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