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Evidence supports a role of complement anaphylatoxin C5a in the pathophysiology of
COVID-19. However, information about the evolution and impact of C5a levels after
hospital discharge is lacking. We analyzed the association between circulating C5a levels
and the clinical evolution of hospitalized patients infected with SARS-CoV-2. Serum C5a
levels were determined in 32 hospitalized and 17 non-hospitalized patients from Clinica
Universidad de Navarra. One hundred and eighty eight serial samples were collected
during the hospitalization stay and up to three months during the follow-up. Median C5a
levels were 27.71 ng/ml (25th to 75th percentile: 19.35-34.96) for samples collected
during hospitalization, versus 16.76 ng/ml (12.90-25.08) for samples collected during the
follow-up (p<0.001). There was a negative correlation between serum C5a levels and the
number of days from symptom onset (p<0.001). C5a levels also correlated with a
previously validated clinical risk score (p<0.001), and was associated with the severity
of the disease (p<0.001). An overall reduction of C5a levels was observed after hospital
discharge. However, elevated C5a levels persisted in those patients with high COVID-19
severity (i.e. those with a longest stay in the hospital), even after months from hospital
discharge (p=0.020). Moreover, high C5a levels appeared to be associated with the
presence of long-term respiratory symptoms (p=0.004). In conclusion, serum C5a levels
remain high in severe cases of COVID-19, and are associated with the presence of
respiratory symptoms after hospital discharge. These results may suggest a role for C5a in
the long-term effects of COVID-19 infection.
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INTRODUCTION

The current outbreak of COVID-19 constitutes a major health
challenge worldwide. Most patients with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection develop none
or mild symptoms, but it is estimated that up to 15% of patients
progress to severe pneumonia and acute respiratory distress
syndrome (ARDS) (1). Severe disease is characterized by an
inflammatory response in the viral infected tissue associated with
the release of inflammatory cytokines, the recruitment of
immune cells, and the activation of coagulation and
thrombosis (2, 3). These events originate in the lungs but may
extend to other organs, causing a multiorgan damage (4, 5). A
better understanding of the immune response that govern the
severity of the disease is necessary to understand and clinically
manage long-term health consequences of COVID-19.

The complement system represents a major effector of innate
immunity against viruses, which mediates potent inflammatory
responses (6). A number of studies have shown that deregulated
complement activation contributes to the pathogenesis of
inflammatory lung diseases (6). Results obtained in preclinical
models support a prominent role of the complement system in
the pathophysiology of SARS-CoV and other viral infections. In
a mouse model of SARS-CoV-1 infection, complement C3
deficiency hampered severe lung pathology and reduced the
levels of pro-inflammatory cytokines in association with
decrease lung infiltration of neutrophils, monocytes, cytokines
and chemokines (7). The anaphylatoxin C5a, a potent immune
modulator released from C5 cleavage during complement
activation, promotes the recruitment and activation of
neutrophils during lung inflammation, which results in acute
lung injury and ARDS (8–10). High C5a levels have been
described in a range of preclinical models of acute lung injury
induced by highly pathogenic viruses, such as SARS-CoV-1,
H1N1, H5N1 or H7N9 (8). Moreover, blockade of the C5a/
C5a receptor-1 (C5aR1) axis alleviated lung damage in hDPP4-
transgenic mice infected with MERS-CoV (11).

Complement over-activation contributes to lung disease in
COVID-19 (12). C4d and C5b-9 deposition has been found
along the vasculature of the lungs and the skin in hospitalized
patients with COVID-19 (13). Expression changes in
complement genes were identified in SARS-CoV-2 infected
human lung epithelial cells (14). In this study, the interferon-
activated JAK1/2-STAT1 signaling pathway and NF-kB were
proposed as mediators of intracellular C3 activation in infected
cells (14). Another transcriptomic analysis on the peripheral
blood of COVID-19 patients revealed an upregulation of C1q
and C2 expression in COVID-19 patients, high levels of C5aR1
expression were found in blood and pulmonary myeloid cells,
and circulating levels of C5a were associated with the severity of
COVID-19 (15). In in vitro studies and preclinical models,
knock-down or pharmacological inhibition of C5aR1
prevented epithelial destruction (16), and the activation and
recruitment of myeloid cells to the lungs (15). C5aR1 blockade
also attenuated platelet-mediated COVID-19-associated
thrombogenicity in a process dependent on the formation of
neutrophil extracellular traps (NETs) (17).
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All these data suggest that C5a may be involved in the
pathophysiology of COVID-19. Circulating levels of C5a are
increased in hospitalized COVID-19 patients as compared with
healthy donors (18–21). However, information is lacking on the
evolution of C5a levels beyond the hospitalization stay. In the
present study, we performed serial measurements of serum C5a
levels in COVID-19 patients during the hospitalization stay and
after discharge. C5a levels correlated with disease severity, as
determined by a previously validated clinical risk score (22).
Moreover, C5a levels were associated with the duration and
outcome of the hospitalization stay. Interestingly, in those
patients with a more severe disease, C5a levels remained
elevated weeks after hospital discharge, and were associated
with the persistence of respiratory symptoms, suggesting that
modulation of complement activation may be an effective
therapeutic strategy for the treatment of COVID-19 patients
with long-term respiratory problems.
MATERIALS AND METHODS

Patients
Consecutive COVID-19 patients treated at Clinica Universidad de
Navarra between April and July 2020 were included in this study.
Thirty-two patients were admitted to hospital due to the severity
of their symptoms, while 17 individuals, who went to the
emergency room due to their symptoms, did not require
hospitalization. COVID-19 was diagnosed by SARS-CoV-2 real-
time PCR in nasopharyngeal samples. The characteristics of the
patients are described in Table 1, Supplementary Table S1. The
study was approved by the Ethics Committee of Clinica
Universidad de Navarra (ref. 2020.090), and all patients signed
an informed consent.

Serum Collection
Venous blood samples were collected in BD Vacutainer CAT tubes
(ref. 367896) periodically during the hospital stay, and up to three
months after being discharged from the hospital. Blood samples
were immediately processed after collection. Serum was obtained
by centrifugation at 3,500 rpm for 8 minutes and stored at -80°C.
Those samples collected during hospitalization were classified as
H1 (for samples collected between 1 and 3 days after admission;
n = 24), H5 (4 to 5 days; n = 25), H8 (7 to 9 days, n = 22), and H14
(11 to 15 days; n = 9). Follow-up samples collected after hospital
discharge, or from non-hospitalized patients, were categorized as
F7 (ranging from 5 to 10 days after discharge; n = 29), F14 (11 to 23
days; n = 39) and F90 (69 to 123 days; n = 40).

Marker Quantification
C5a was quantified in serum samples using Luminex technology
and the anti-C5a capture and detection antibodies from the
Human Complement Component C5a DuoSet ELISA kit
(DY2037, R&D Systems). C5b-9 levels, routine laboratory
markers and pro-inflammatory cytokines IFNg and IL1a were
also determined. Details of the procedures are provided in
Supplementary Methods. Analyses were performed blindly.
November 2021 | Volume 12 | Article 767376
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Statistical Analyses
Normal distribution of data was assessed by the Shapiro-Wilk
test, and the density and q-q plots. Non-parametric Mann-
Whitney U and Kruskal-Wallis tests were applied to compare
two or more groups, respectively. Spearman’s rank coefficient
was used to measure the correlation between continuous
variables. Pearson Chi-square was used to evaluate differences
between categorical variables. Continuous variables were
described as median (lower to upper quartile). All tests were
two-sided, and a p value less than 0.05 was considered
statistically significant, with *p < 0.05, **p < 0.01 and ***p <
0.001. R v4.0.2 (R Core Team, Vienna, Austria, 2020) was used
for statistical analysis. Figures were produced with the R
packages ggplot2 (23) and ggpubr (24). The R package
tidyverse was used for data manipulation (25).
RESULTS

Characteristics of COVID-19 Patients
This study included patients who came to Clinica Universidad de
Navarra presenting symptoms compatible with COVID-19 and
were hospitalized or not due to the severity of these symptoms
(n = 32 and n = 17, respectively). SARS-CoV-2 infection was
diagnosed by real-time PCR. Demographic characteristics, co-
morbidities symptoms and routine are shown in Table 1,
Supplementary Table S1. Patients had a median age of 54
(25th to 75th percentile: 45-76) years. Gender distribution was
57% females and 43% males. Several comorbidities were
diagnosed, such as diabetes (8%), hypertension (31%),
cardiopathy (24%), renal insufficiency (8%) or obesity (37%).
Men showed higher frequencies of hypertension (p = 0.011) and
Frontiers in Immunology | www.frontiersin.org 3
cardiopathy (p = 0.003). More than half of the patients showed
fever (55%) and/or coughing (63%). Regarding SARS-CoV-2
symptoms, no gender differences were found.

Patients were stratified into five COVID severity groups
according to the number of hospitalization days (low, medium
or high severity), or whether they were not hospitalized (very low
severity) or died during hospitalization (very high severity). No
patient in our cohort required UCI admission. Low severity was
considered when the hospitalization period was equal or lower
than 7 days, medium when it was between 8 and 13 days, and
high if it was equal or higher than 14 days. A more detailed
description of the distribution of hospitalization days per group
is shown in Supplementary Table S2. Age was significantly
associated with severity: 42 (35–47), 56 (48–58), 54 (44–76), 84
(75–87) and 88 (83–92) years for very low, low, medium, high or
very high severity groups, respectively (p < 0.001). The presence
of comorbidities (p = 0.022), higher frequencies of some them,
such as diabetes (p = 0.014) or cardiopathies (p = 0.024), or the
presence of respiratory problems (p = 0.037) were also associated
with the severity of the disease. Disease severity was also
associated with the basal levels of laboratory markers known to
be associated with COVID-19-related complications, such as
lactate dehydrogenase (LDH; p = 0.017), D-dimer (p = 0.004),
troponin T (p < 0.001) or C-reactive protein (CRP; p = 0.039).
Viral load at admission was not associated with disease severity
(p = 0.860 for E gene expression, and p = 0.740 for N
gene expression).

A clinical risk score, which estimates the risk of developing
critical illness among hospitalized COVID-19 patients, was
calculated for hospitalized patients in our cohort. The score is
based on ten variables commonly measured on admission to the
hospital: abnormal chest radiography findings, age, dyspnea,
hemoptysis, unconsciousness, number of comorbidities, cancer
history, neutrophil-to-lymphocyte ratio, lactate dehydrogenase,
and direct bilirubin (22). The median risk score was 119, with an
interquartile range of 88 to 142, and minimum and maximum
values of 54 and 209, respectively. The risk score was associated
with the severity of the disease: 82 (80–100), 116 (90–121), 138
(134–147) and 191 (191–205) for low, medium, high and very
high severity groups, respectively (p < 0.001).

Serum C5a Levels in COVID-19 Patients
Serum samples were collected periodically from hospitalized
patients during their hospital stay and at different time points
after hospital discharge. Longitudinal samples from non-
hospitalized patients were also collected during the follow-up of
the patients. The follow-up days for hospitalized patients ranged
from 14 to 106 days, with a median of 92 (81–97) days. In the case
of non-hospitalized patients, the follow-up days ranged from 14 to
123 days, with a median of 106 (96–109) days. One hundred and
eighty eight serum samples were collected (80 at hospitalization
and 108 at follow-up). The median of serum C5a levels was 20.45
ng/ml, with an interquartile range of 14.66 to 30.23 ng/ml and
minimum and maximum values of 6.11 and 57.18 ng/ml,
respectively. C5a levels along the different time points in each
patient are shown in Supplementary Figure S1. A negative
correlation (r = -0.38, p < 0.001) was found between C5a levels
TABLE 1 | Demographic and clinical characteristics of the COVID-19 patients
included in the study.

Patient characteristics n (%)

Sex
Female 28 (57)
Male 21 (43)

Hospitalization
No 17 (35)
Yes 32 (65)

Comorbidities
No 28 (57)
Yes 21 (43)

Symptoms
No 9 (18)
Yes 40 (82)

Median (range)
Age (years) 54.5 (45–76)
COVID risk score 102 (81–126)
Laboratory parameters
LDH (U/l) 232 (212–312)
D-dimer (ng/ml) 530 (380–1110)
Ferritin (ng/ml) 345 (162–520)
Troponin T (ng/ml)* 6.5 (6.5-14.6)
C-reactive protein (mg/l) 2.04 (0.66-6.65)
*Values below the limit of detection (LOD) were substituted by LOD/2 (6.5 ng/ml).
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and the number of days from symptom onset at sample collection
(Supplementary Figure S2A). Besides, C5a levels in samples
collected during hospitalization were significantly higher than in
samples collected during follow-up (27.71 [19.35-34.96] vs. 16.76
[12.90-25.08]; p < 0.001; Supplementary Figure S2B). Viral load
at admission was not associated with C5a levels (r = -0.08, p =
0.616, for E gene expression; and r = -0.17, p = 0.302, for N gene
expression). As expected, C5a levels correlated with C5b-9 levels
(r = 0.54, p < 0.001). C5a levels also correlated with basal levels of
LDH (r = 0.38, p = 0.008), D-dimer (r = 0.39, p = 0.006), ferritin
(r = 0.54, p < 0.001), troponin T (r = 0.37, p = 0.008) and CRP
(r = 0.43, p = 0.002). Finally, basal levels of pro-inflammatory
makers IFNg and IL1a could be assessed in 25 hospitalized
patients. C5a serum levels significantly correlated with IL1a
levels, but not with IFNg levels (r = 0.75, p < 0.001 and r =
-0.19, p = 0.373, respectively). All these correlations are shown in
Supplementary Figure S3.

Serum C5a and COVID-19 Severity During
Hospitalization and Follow-up
C5a levels in the first sample collected at hospitalization
correlated with the clinical risk score assigned to that patient:
Frontiers in Immunology | www.frontiersin.org 4
r = 0.49, p = 0.004 (Figure 1A). Moreover, those hospitalized
patients with a more severe disease outcome showed higher
serum C5a levels (p < 0.001; Figure 1B). Interestingly, this
correlation was not observed for the other complement-related
marker. Thus, C5b-9 levels did not correlate with the risk score
(r = 0.10, p = 0.590), and were not associated with clinical
outcome (p = 0.850). No other remarkable association was found
between C5a levels and the clinicopathological characteristics of
the patients (Supplementary Table S3).

To monitor the evolution of C5a levels, as detailed in Material
and Methods, samples were categorized as H1, H5, H8 and H14
for those samples collected during hospital stay, and as F7, F14
and F90 for those samples collected after hospital discharge or
from non-hospitalized patients. Patients who died during their
hospital stay were excluded from this part of the study since they
did not have follow-up samples. Persistently elevated C5a levels
were observed in those patients with a longest stay in the hospital
(Figure 2). C5a levels in patients with low or medium COVID-
19 severity were similar to those in non-hospitalized patients as
soon as one week after hospital discharge. The last time point of
follow-up (F90) revealed a trend to decreasing C5a levels,
suggesting that marker levels begin to normalize at this time
A

B

FIGURE 1 | Association of serum levels of C5a and C5b-9 with disease severity outcome in hospitalized COVID-19 patients. (A) Correlation between the levels of
C5a or C5b-9 in the first serum sample collected after hospitalization and a clinical risk score calculated for each patient. The correlation coefficients, the statistical
significances of the Spearman’s test and the 95% confidence intervals (shadowed areas) are shown. The severity group at which each patient was assigned is also
shown. (B) Association between serum C5a and C5b-9 levels in the first serum sample collected after hospitalization and severity of the disease. Statistical
differences were analyzed using the Kruskal-Wallis test.
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point. The same trend was observed when hospitalized patients
were stratified as high or low risk according to the clinical risk
score (Supplementary Figure S4). These results suggest that
complement C5a levels in serum samples collected from
COVID-19 patients remain high and are associated with the
severity of the disease weeks after hospital discharge.

Serum C5a and Respiratory Problems in
COVID-19 Patients After Discharge
We sought to assess whether there was an association between
serum C5a levels and persistent health problems in those patients
discharged from the hospital after recovery from COVID-19.
Symptom data were recorded during the follow-up visits at F14
and F90 in 25 and 24 discharged patients, respectively
(Supplementary Table S4). Musculoskeletal (arthralgia and
fatigue) and respiratory symptoms (cough and dyspnea) were
the most frequent health problems found in the patients. At F14,
Frontiers in Immunology | www.frontiersin.org 5
no association was found between C5a levels and musculoskeletal
problems. However, significantly higher C5a levels were found in
patients with respiratory symptoms as compared with those in
patients without respiratory symptoms (p = 0.004; Figure 3A).
Moreover, C5a levels during hospitalization may predict which
patients will present persistent respiratory symptoms after
hospital discharge, as shown by the receiver operating
characteristic (ROC) curve generated using C5a levels at H8 and
respiratory symptoms recorded at F14 (AUC: 0.846 [0.650-1.000];
Supplementary Figure S5). Nevertheless, this result should be
considered preliminary because only four patients showed
respiratory problems at this follow-up time point. No analysis
could be performed at F90 due to the scarcity of discharged
patients with respiratory symptoms (e.g. only one patient with
mild dyspnea).

We next evaluated the changes in C5a levels between the
samples collected before hospital discharge and the samples
collected at F14 in those hospitalized patients who had
respiratory problems. While not all patients followed the same
evolution, an overall reduction in C5a levels was observed in those
patients in whom the respiratory symptoms had disappeared at
F14 (p = 0.078), but not in those patients who still were
experiencing respiratory symptoms (Figure 3B). Finally, at F90,
respiratory symptoms had disappeared in two patients with
respiratory problems at F14. In both cases, C5a levels decreased
between the two follow-up time points (from 29.25 to 16.91 ng/ml,
and from 43.65 to 30.62 ng/ml). These results suggest that elevated
C5a levels in circulation may be associated with the persistence of
respiratory problems in patients discharged from the hospital after
recovery from COVID-19.
DISCUSSION

In this study, we report the persistent presence of high levels of
circulating complement C5a, a cleavage product of terminal
complement C5, in COVID-19 patients with a long hospital
FIGURE 2 | Evolution of serum C5a levels during hospitalization and follow-
up in COVID-19 patients stratified by the severity of the disease. Serial
samples were collected at different time points during the hospitalization
period (H1, H5, H8 and H14) and the follow-up (F7, F14 and F90). Data are
presented as median ± interquartile range. The shadowed area corresponds
to the follow-up period. Differences between groups at each time point were
analyzed using the Kruskal-Wallis test.
A B

FIGURE 3 | Association between serum C5a levels and the presence of respiratory symptoms. (A) Association between serum C5a levels and the presence or not
of respiratory symptoms two weeks after hospital discharge. (B) Evolution of serum C5a levels from the last sample at hospitalization and the follow-up sample at
F14 in patients who suffered respiratory problems during their hospitalization. Patients are divided into patients with or without respiratory problems in the follow-up
visit (red and black, respectively). Differences were analyzed with the Wilcoxon signed-rank test for paired samples.
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stay, even weeks after hospital discharge. Our data also suggest
that C5a is linked to the persistence of respiratory symptoms
after hospital discharge. Long-term health consequences have
been reported in 50 to 80% of patients discharged from the
hospital after recovery from COVID-19 (26–28). Patients who
are more severely ill during their hospital stay are especially
susceptible to suffer for impaired pulmonary function (29), and
are considered the main target population for intervention (30).
However, the biological mediators responsible for the
pathophysiology of long-term symptoms are mostly unknown.

Circulating levels of C5a are increased in hospitalized
COVID-19 patients as compared with healthy donors (18–21),
while this does not appear to be the case in non-hospitalized
patients (20). About the association between C5a levels and the
severity of the disease in hospitalized individuals, Carvelli et al.
found higher plasma C5a levels in those hospitalized patients
with lung damage (15). C5a levels were higher in severe COVID-
19 patients who required intensive care unit admission (21). In
another study performed with patients at intensive care unit, C5a
correlated with hypoxemia (determined as PaO2/FiO2 ratio) at
the time of admission (31). In contrast, in other studies, elevated
C5a levels were found in hospitalized patients regardless of the
severity of the disease (18, 19). The presence of a genetic variant
linked to severe COVID-19 predisposition (rs11385942) was
associated with increased circulating C5a levels on the day of
admission, but these levels did not correlate with markers of
inflammation or tissue damage (32). Patients with respiratory
failure, either at admission or developed during hospital stay,
showed significantly higher levels of soluble C5b-9 and C4d, but
not of C5a (33). In our study, at the time of admission, we did not
find any association between C5a levels and COVID-related
symptoms. However, those patients who were going to require
a longer hospital stay showed higher C5a levels. C5a levels at
admission also correlated with a previously reported score that
estimates the risk of developing critical illness among
hospitalized COVID-19 patients (22), and with several
laboratory values known to be associated with COVID-19
severity. These results suggest that the effects mediated by C5a
become more evident over the course of the disease. Only in
those patients in which high C5a levels persist, or are further
induced, this molecule may exert more clearly its influence. In
this line, in hospitalized COVID-19 patients on hemodialysis,
clinical deterioration was preceded by a peak of C5a levels,
suggesting that C5a may be a marker of disease progression
(20). In a study that monitored the evolution of C5a levels during
the hospitalization stay, in those patients who stayed less than 15
days in the hospital, C5a levels decreased from admission to day
10, whereas this reduction was not observed in patients with
longer hospitalization (18). We also observed that C5a levels
were maintained in those patients with a longest stay in the
hospital. On the other hand, until now very little information
existed about the evolution of C5a levels after hospital discharge.
Cugno et al. reported a significant reduction of serum C5a levels
after discharge (19). We also report now an overall reduction
of C5a at the follow-up visits, with levels comparable to those
from non-hospitalized patients. However, this reduction was
Frontiers in Immunology | www.frontiersin.org 6
not observed in those patients with a longer hospital stay, in
whom C5a remained high in association with persistent
respiratory symptoms.

Activation of different complement pathways may be
responsible for the release of C5a during the acute phase of
COVID-19. Holter et al. found a weak correlation between
antibodies against SARS-CoV-2 and complement activation in
hospitalized patients (33). Deposits of C4d, mannose binding
lectin-associated serine protease-2 (MASP-2) and C5b-9 were
found in the lung microvasculature of patients with severe
COVID-19 (13). Ma et al. found that factor D strongly
correlates with markers of endothelial injury and coagulation
(21). Therefore, there is evidence for the implication of the three
major pathways of complement activation in COVID-19
pathogenesis. Sustained high C5a levels implies a state of
persistent production of the peptide from C5, since C5a has a
very short half-life in vivo (it is readily captured by its receptors,
or rapidly inactivated by carboxypeptidases). Interestingly,
although we found a significant correlation between the levels
of C5a and the terminal complement complex C5b-9, the latter
marker was not associated with the clinical risk score or the
severity of the disease. This result suggests the existence of
alternative mechanisms of C5 activation that may be governing
the long-lasting production of C5a levels. Noteworthy, C5a is not
only produced by the canonical C5 convertase, but also by
extrinsic factors such as thrombin (34). Since an enhanced
thrombin-generating capacity has been observed in COVID-19
patients after months from hospital discharge (35), we can
speculate that persistent C5a production may be caused by this
abnormal hemostatic state. An unresolved prothrombotic state,
maybe associated with dysfunction of the endothelium, may
enhance thrombin production, which, subsequently, would lead
to the cleavage of C5 into C5a. The implication of other potential
mechanisms, such as a prolonged viral shedding that would
maintain complement activation or a chronic state of unresolved
immune response, also merit further investigation.

Growing evidence supports the role played by C5a in the
pathogenesis of respiratory distress following SARS-CoV-2
infection (36, 37). C5a orchestrates a strong inflammatory
response (38), and is a potent mediator of the acute lung injury
induced by viral infections (8–11). C5aR1 blockade with
monoclonal antibodies prevented C5a-mediated recruitment and
activation of human myeloid cells, and inhibited acute lung injury
in human C5aR1 knock-in mice (15). Stimulation of myeloid cells
by C5a also contributes to thrombosis and tissue damage (17, 39).
Excessive activation of the complement cascade, e.g. by antibodies
against SARS-CoV-2 (30) or the activation of the lectin pathway
(12), may lead to an over-production of C5a, resulting in cytokine
storm, severe lung inflammation, infiltration of immune cells,
endothelial dysfunction and thromboinflammation (40, 41).
Elevated C5a levels may sustain endothelial dysfunction and an
unresolved prothrombotic state, creating a vicious circle that
would perpetuate the respiratory problems observed in some
discharged patients. If this holds true, patients with long-term
respiratory problems would benefit from therapies targeting
C5a production.
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From the early onset of the pandemic, complement
intervention to decrease C5a levels was proposed as an anti-
inflammatory strategy that may overt the excessive inflammatory
response seen in severe cases of COVID-19 (36, 42). Results from
early clinical studies targeting complement at the level of C3 or
C5 have already been reported (15, 43–48). They included the
use of avdoralimab (IPH 5401), a recombinant human
monoclonal antibody that targets C5aR1; AMY-101, a peptidic
C3 inhibitor; eculizumab, a humanized monoclonal antibody
that inhibits C5 cleavage; or vilobelimab (IFX-1), a chimeric
monoclonal antibody that binds to C5a. Some preliminary data
have been obtained, showing tolerable adverse effects and
potential clinical benefit associated with an improvement in
respiratory function (46). While both C3 and C5 inhibition
lead to sustained anti-inflammatory response, it has been
suggested that C3 inhibition may have a more prominent effect
on endothelial or alveolar injury (47). Results from larger
controlled trials are awaiting to confirm the clinical efficacy of
complement intervention, and to identify the best inhibitory
strategy. Given the cost, it may be also necessary to select those
patients that more likely would benefit from these treatments by
using circulating markers or genetic variants linked to severe
COVID-19 predisposition.

We acknowledge some limitations in our study. We have used
serum samples, whereas plasma is the preferred sample type for
the determination of complement factors. The number of
patients included in the study is limited, which may have
reduced the ability to detect differences between groups. It also
limited our capacity to evaluate the diagnostic performance of
C5a as a predictive marker for persistence respiratory problems.
Besides, the study was conducted with participants recruited in a
single center. For all these reasons, validation studies in
independent cohorts are required for a generalization of our
results, and for exploring their clinical application. More
experiments are also required to assess if C5a levels are specific
of persistent respiratory symptoms after COVID-19 infection or
constitute a common feature of many persistent respiratory
diseases. The correlation observed between C5a and IL1a
serum levels also merit further research.

In conclusion, we report for the first time the persistence of
elevated serum C5a levels in discharged COVID-19 patients who
suffered a severe manifestation of the disease. Moreover, sustained
high C5a levels may be associated with long-term respiratory
symptoms. Complement activation may be considered as a
therapeutic target for the treatment of severe COVID-19
Frontiers in Immunology | www.frontiersin.org 7
patients with persistent respiratory complications, at least in
those cases in which there is an excessive complement activation.
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15. Carvelli J, Demaria O, Vély F, Batista L, Chouaki Benmansour N, Fares J, et al.
Association of COVID-19 Inflammation With Activation of the C5a–C5aR1
Axis. Nature (2020) 588:146–50. doi: 10.1038/s41586-020-2600-6

16. PoschW, Vosper J, Noureen A, Zaderer V, Witting C, Bertacchi G, et al. C5aR
Inhibition of Nonimmune Cells Suppresses Inflammation and Maintains
Epithelial Integrity in SARS-CoV-2–Infected Primary Human Airway
Epithelia. J Allergy Clin Immunol (2021) 147:2083–97. doi: 10.1016/
j.jaci.2021.03.038

17. Skendros P, Mitsios A, Chrysanthopoulou A, Mastellos DCC, Metallidis S,
Rafailidis P, et al. Complement and Tissue Factor–Enriched Neutrophil
Extracellular Traps Are Key Drivers in COVID-19 Immunothrombosis.
J Clin Invest (2020) 130:6151–7. doi: 10.1172/JCI141374
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Roux AL, et al. Eculizumab as an Emergency Treatment for Adult Patients
With Severe COVID-19 in the Intensive Care Unit: A Proof-of-Concept Study.
EClinicalMedicine (2020) 28:100590. doi: 10.1016/j.eclinm.2020.100590

45. Diurno F, Numis FG, Porta G, Cirillo F, Maddaluno S, Ragozzino A, et al.
Eculizumab Treatment in Patients With COVID-19: Preliminary Results
From Real Life ASL Napoli 2 Nord Experience. Eur Rev Med Pharmacol Sci
(2020) 24:4040–7. doi: 10.26355/EURREV_202004_20875

46. Vlaar APJ, de Bruin S, Busch M, Timmermans SAMEG, van Zeggeren IE,
Koning R, et al. Anti-C5a Antibody IFX-1 (Vilobelimab) Treatment Versus
Best Supportive Care for Patients With Severe COVID-19 (PANAMO): An
November 2021 | Volume 12 | Article 767376

https://doi.org/10.1128/mBio.01753-18
https://doi.org/10.1038/emi.2015.28
https://doi.org/10.1007/978-1-4614-0106-3_9
https://doi.org/10.1007/978-1-4614-0106-3_9
https://doi.org/10.1096/fj.15-271635
https://doi.org/10.1096/fj.15-271635
https://doi.org/10.1038/s41426-018-0063-8
https://doi.org/10.1038/s41426-018-0063-8
https://doi.org/10.1126/sciimmunol.abj1014
https://doi.org/10.1016/j.trsl.2020.04.007
https://doi.org/10.1126/sciimmunol.abg0833
https://doi.org/10.1038/s41586-020-2600-6
https://doi.org/10.1016/j.jaci.2021.03.038
https://doi.org/10.1016/j.jaci.2021.03.038
https://doi.org/10.1172/JCI141374
https://doi.org/10.1002/eji.202048858
https://doi.org/10.1016/j.jaut.2020.102560
https://doi.org/10.1016/j.jaut.2020.102560
https://doi.org/10.1093/CKJ/SFAA192
https://doi.org/10.1126/sciimmunol.abh2259
https://doi.org/10.1126/sciimmunol.abh2259
https://doi.org/10.1001/jamainternmed.2020.2033
https://ggplot2.tidyverse.org
https://rpkgs.datanovia.com/ggpubr/
https://rpkgs.datanovia.com/ggpubr/
https://doi.org/10.21105/joss.01686
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.1136/thoraxjnl-2020-216086
https://doi.org/10.1001/jama.2021.3331
https://doi.org/10.1183/13993003.01217-2020
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1161/atvbaha.120.315595
https://doi.org/10.1161/atvbaha.120.315595
https://doi.org/10.1016/j.jaut.2021.102595
https://doi.org/10.1073/pnas.2010540117
https://doi.org/10.1038/nm1419
https://doi.org/10.1182/bloodadvances.2020003968
https://doi.org/10.1182/bloodadvances.2020003968
https://doi.org/10.1038/s41577-020-0320-7
https://doi.org/10.1007/s13205-020-02464-2
https://doi.org/10.1146/annurev.immunol.23.021704.115835
https://doi.org/10.4049/jimmunol.177.7.4794
https://doi.org/10.1111/jth.14981
https://doi.org/10.1016/j.kint.2020.05.013
https://doi.org/10.1016/j.kint.2020.05.013
https://doi.org/10.1016/j.it.2020.09.008
https://doi.org/10.1016/j.it.2020.09.008
https://doi.org/10.1016/j.clim.2020.108450
https://doi.org/10.1016/j.clim.2020.108450
https://doi.org/10.1016/j.eclinm.2020.100590
https://doi.org/10.26355/EURREV_202004_20875
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Senent et al. C5a Levels in Discharged COVID-19 Patients
Exploratory, Open-Label, Phase 2 Randomised Controlled Trial. Lancet
Rheumatol (2020) 2:e764–73. doi: 10.1016/S2665-9913(20)30341-6

47. Mastellos DC, Pires da Silva BGP, Fonseca BAL, Fonseca NP, Auxiliadora-
Martins M, Mastaglio S, et al. Complement C3 vs C5 Inhibition in Severe
COVID-19: Early Clinical Findings Reveal Differential Biological Efficacy.
Clin Immunol (2020) 220:108598. doi: 10.1016/j.clim.2020.108598

48. Giudice V, Pagliano P, Vatrella A, Masullo A, Poto S, Polverino BM, et al.
Combination of Ruxolitinib and Eculizumab for Treatment of Severe SARS-
CoV-2-Related Acute Respiratory Distress Syndrome: A Controlled Study.
Front Pharmacol (2020) 11:857. doi: 10.3389/fphar.2020.00857

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Immunology | www.frontiersin.org 9
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
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