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a b s t r a c t 

Objectives: The complement system is a crucial part of the immune system. The role of complement ac- 

tivation in post–COVID-19 condition is still not conclusive. We present a case-control study investigating 

long-lasting complement hyperactivation in COVID-19 survivors with/without post–COVID-19 condition. 

Methods: A case-control (2:1 design) study was performed. Concentration levels of four proteins from 

classic complement pathway (C3, C4, C5, C7) and total hemolytic complement (CH50) activity were ob- 

tained from blood samples in group of survivors with post–COVID-19 condition and in a comparison 

group of survivors without post–COVID-19 condition, matched by age, sex, and vaccination status. Post–

COVID-19 condition was defined when individuals self-reported at least one of these post–COVID-19 

symptoms: fatigue, arthralgia, myalgia, memory problems, new-onset headache, or palpitations. 

Results: A total of 57 (56.1% women, age: 46.5 years, SD: 9.0 years) survivors with post–COVID-19 con- 

dition and 27 (55.5% women, age: 46.5 years, SD: 11.5 years) survivors without post–COVID-19 condi- 

tion were evaluated 1.7 (SD 1.2) and 2.0 (SD 1.7) years after SARS-CoV-2 infection, respectively. Overall, 

the results did not reveal differences in complement protein levels and CH50 activity between survivors 

with or without post–COVID-19 condition. Patients reporting post-COVID fatigue exhibited lower C3 levels 

( P = 0.025) than those without post-COVID fatigue, whereas survivors with post-COVID dyspnea reported 

lower levels of C3 ( P = 0.001), C5 ( P = 0.015), and C7 ( P = 0.030) proteins than those without post-COVID 

dyspnea. 

Conclusions: This explorative case-control study did not observe overall complement activation from clas- 

sic pathway in survivors with post–COVID-19 condition up to 2 years after. Some complement proteins 

were elevated in individuals with specific post-COVID symptoms, such as fatigue or dyspnea. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Introduction 

The world has experienced one of the worst health crises of 

this century in the last years due to the rapid spread of COVID-19, 

the infection caused by the SARS-CoV-2. The COVID-19 outbreak 

caused up to 778 million confirmed cases and 7.1 million deaths 
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worldwide [ 1 ]. To date, the spread and virulence of SARS-CoV-2 

has been controlled due to the advances in their pathogenesis and 

the development of preventive strategies such as vaccination [ 2 ]. 

Several molecular mechanisms have been identified to be in- 

volved during the acute COVID-19 phase. One of the mechanisms 

suggested in the pathogenesis of COVID-19 is potential hyperacti- 

vation of the complement system [ 3 ] because an increased com- 

plement activation, as seen in autoimmune diseases, is associ- 

ated with COVID-19 severity due to compensatory immune regu- 

latory mechanisms [ 4 ]. Thus, a meta-analysis found that C3 and 

C4 complement protein levels were significantly lower (indicative 

of complement hyperactivation causing inflammation and damage 

to healthy cells and tissues) in people with severe COVID-19 or 

in non-survivors compared with patients with less severe COVID- 

19 or survivors, indicating that these complement proteins are 

more readily consumed in patients with a severe or fatal course 

of COVID-19 disease [ 5 ]. Because control of complement activa- 

tion observed at the acute COVID-19 phase has been used as a 

therapeutic target for managing these patients [ 6 ], identification of 

long-lasting complement activation in COVID-19 survivors experi- 

encing post-COVID symptoms could open therapeutic strategies for 

these patients. As an example, the US Food and Drug Administra- 

tion provided emergency use authorization for anti-C5 antibodies 

drugs for treating severe COVID-19 in the acute phase [ 7 ], a situ- 

ation which provoked speculation about its potential applicability 

in patients with post–COVID-19 condition. 

Evidence suggests that up to 25-30% of COVID-19 survivors ex- 

hibit long-lasting symptoms 2 [ 8 ] or 3 [ 9 ] years after the infec- 

tion. Nevertheless, the diagnosis of post–COVID-19 condition is not 

properly reported because only 0.5% of participants with at least 

one post-COVID symptom 1 year after infection receive an appro- 

priate diagnostic code [ 10 ]. This can be related to the fact that the 

manifestations of post–COVID-19 condition is heterogeneous and 

different clusters of patients, grouped by predominant symptoms, 

are described [ 11 ]. This heterogeneity in post-COVID symptoms 

led to the hypothesis that different pathophysiological mechanisms 

can operate [ 12 ]. Thus, a better understanding of operating im- 

mune regulatory mechanisms behind post–COVID-19 condition is 

crucial for a personalized-medicine approach. Among those under- 

lying mechanisms proposed to be involved in post–COVID-19 con- 

dition, persistent complement hyperactivation has been raised as 

a factor potentially contributing to long-lasting post-COVID symp- 

tomatology. 

Evidence on complement hyperactivation in post-COVID is still 

on its infancy if compared with data at the acute COVID-19 phase. 

Thus, data on complement activation at the post-COVID phase are 

heterogeneous because some studies suggested an increased com- 

plement activation in survivors with post-COVID symptoms [ 13 , 14 ], 

whereas other did not [ 15 ]. However, previous studies in patients 

with long-COVID have investigated one or two complement protein 

from different pathways. In fact, complement activation is complex 

because it involves classic complement pathway, alternative com- 

plement pathway, and mannan-binding lectin (MB-lectin) pathway. 

Classic complement pathway includes the native components of 

the complement. Previous studies on individuals with post–COVID- 

19 condition have investigated single proteins associated with ei- 

ther classic or alternative pathways [ 13–15 ]. 

We present here a case-control, explorative study investigat- 

ing the presence of long-lasting complement activation in the 

classic pathway in COVID-19 survivors with and without post–

COVID-19 condition. We hypothesized that individuals who recover 

from a SARS-CoV-2 infection and develop post–COVID-19 condition 

will exhibit long-lasting complement hyperactivation (expressed 

by lower C3, C4, C5, and C7 protein levels, as well as lower by 

lower CH50 activity) compared with participants who recovered 

from acute SARS-CoV-2 infection but did not develop post–COVID- 

19 condition. If immune system hyperactivation in the classic com- 

ponent pathway is identified in people with post–COVID-19 condi- 

tion, it may be a target for management. 

Methods 

Study population 

A cross-sectional case-control (2:1) study including a group of 

participants who had recovered from an acute SARS-CoV-2 infec- 

tion with the presence of post-COVID symptoms and a compara- 

tive control group of participants who had recovered from a SARS- 

CoV-2 infection without the presence of post-COVID symptoms 

was conducted. The study design was approved by the institu- 

tional ethics committees of the involved hospitals (HUIL/092-20; 

H12OCT23/418). All participants provided their informed consent 

before collecting data. 

Potential eligible participants should report that they have 

passed a SARS-CoV-2 infection confirmed by reverse transcription- 

polymerase chain reaction and/or antigen test against SARS-CoV-2 

using nasopharyngeal swabs, and the diagnosis should have been 

confirmed by a medical doctor. Volunteer participants were re- 

cruited from the Madrid Long-COVID Society (Spain). Eligible par- 

ticipants were scheduled for a face-to-face appointment at the 

long-COVID unit of two urban hospitals of Madrid (Spain). An ex- 

haustive clinical examination was done to confirm the diagnosis of 

post–COVID-19 condition. Demographic (age, sex, height, weight), 

medical comorbidities, vaccine status, COVID-19–associated onset 

symptoms, days at the hospital, and intensive care unit admission 

were collected from medical records. 

For defining the case group, we used the definition of post–

COVID-19 condition proposed by Soriano et al. [ 16 ]: “post–COVID- 

19 condition occurs in individuals with a history of probable or 

confirmed SARS-CoV-2 infection, usually 3 months from the onset 

of infection, with symptoms that last for at least 2 months and 

cannot be explained by an alternative diagnosis. Common symp- 

toms include but are not limited to fatigue, shortness of breath 

(dyspnea), and cognitive dysfunction and generally have an impact 

on everyday functioning. Symptoms might be new onset after ini- 

tial recovery from an acute COVID-19 episode or persist from the 

initial illness. Symptoms might also fluctuate or relapse over time.”

To be included, survivors report the presence of at least one of the 

following post-COVID symptoms starting the first 3 months after 

the infection and persisting at the time of the study: fatigue, dys- 

pnea, myalgias, memory problems, concentration problems, new- 

onset headache, or palpitations. 

Participants in both groups were excluded if they (1) had 

confirmed or suspected current SARS-CoV-2 infection or (2) had 

confirmed or suspected SARS-CoV-2 infection within the last 3 

months. 

Post-COVID data collection 

Individuals who fulfilled the inclusion criteria and agreed to 

participate were scheduled for a telephone interview by expe- 

rienced health care researchers. Participants were asked to self- 

report any symptom that appeared 3 consecutive months after the 

acute SARS-CoV-2 infection and that persisted at the time of the 

study. A predefined list of long-lasting symptoms, including fa- 

tigue, dyspnea, anosmia, ageusia, pain, brain fog, hair loss, pain, or 

concentration loss, was systematically used, but individuals were 

free to report any symptom that they suffered from. 

Anxiety and depressive symptoms were evaluated using the 

hospital anxiety and depression scale (HADS) [ 17 ], whereas sleep 

quality was evaluated using the Pittsburgh sleep quality index [ 18 ] 

because both self-rated questionnaires can be properly evaluated 
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by telephone [ 19 ]. Anxiety (HADS-A, seven items, 0-21 points) and 

depressive (HADS-D, seven items, 0-21 points) subscales of the 

HADS were included because they have shown good validity in 

people with post–COVID-19 condition [ 20 ]. 

The functional impairment checklist (FIC) is an eight-item 

disease-specific questionnaire evaluating the symptoms of severity 

and functionality in post–COVID-19 condition [ 21 ]. Four items (e.g. 

breathlessness at rest, breathlessness exertion, general fatigue, and 

muscle weakness) evaluate symptoms severity (FIC symptoms, 0- 

12 points), whereas another four items evaluate function, such as 

limitations in occupational daily living activities, leisure/social ac- 

tivities, basic daily living activities, and instrumental activities of 

daily living (FIC disability, 0-12 points) [ 21 ]. 

Complement fractions 

Blood serum was collected from all participating and refrig- 

erated at 4 °C until the main analysis. Levels of four different 

complement fractions from classic pathway were calculated us- 

ing commercial kits and following the manufacturer’s instructions: 

C3 (Complement 3 reagent) and C4 (complement 4 reagent) were 

analyzed with the Beckman (Coulter, USA) kit, C5 (complement 

5 reagent) with N C5 kit (Trimero diagnostics), and C7 (comple- 

ment 7 reagent) with Quidel Ortho C7 antibody polyclonal kit (Cat 

N ° A308). The study of C3-C4 components is based on immuno- 

turbidimetric tests, the study of C5 component is based on neph- 

elometric immunoassays, and the analysis of C7 component is 

based on radial immunodiffusion. According to the information 

provided in the manufacturer kit, the reference intervals of these 

fractions are 90-180 mg/dl for C3, 10-40 mg/dl for C4, 9.02-16.7 

mg/dl for C5, and 80-120 for C7 component. 

Total hemolytic complement activity (CH50) 

Blood serum was frozen at –20 °C for this analysis. The study of 

CH50 activity was performed following the manufacturer’s instruc- 

tions (Autokit CH50/Autokit CH50 small, Fujifilm Wako Chemicals, 

Japan). A minimum of 10 μl of blood serum was required for each 

analysis. 

When the sample is added to the liposome and the substrate, 

the antibodies in the reagent combines with dinitrophenyl on the 

liposomes and activates the complement. Consequently, the lipo- 

some membrane is broken by the activated complement. The en- 

zyme glucose-6-phosphate dehydrogenase, contained in the lipo- 

some, reacts with Nicotinamide Adenine Dinucleotide (NAD) and 

glucose 6-phosphate, and, as a result, the NAD is reduced to NADH, 

thus increasing the absorbance at 340 nm. The absorbance increase 

is proportional to the complement activity. 

The manufacturer’s reference interval (RI) for CH50 activity 

ranges from 31.6 to 57.6 U/ml, based on data from a Japanese pop- 

ulation [ 22 ]. However, it is known that geographical differences 

can influence the complement system [ 23 ] and because of this, RIs 

too. To establish an accurate RI for the population included in our 

study, we analyzed CH50 activity in a cohort of 17,084 individuals 

who underwent testing in our laboratory in 2024. Hence, an es- 

timation of the biological RI (reference values or normal ranges) 

was conducted using indirect sampling techniques, following the 

guidelines of the Clinical and Laboratory Standards Institute EP28- 

A3C f or percentiles and confidence intervals. These indirect sam- 

pling techniques assume—confirmed by observation—that most re- 

sults, even in patients in the hospital and clinic, appear and are 

“normal.” Thus, to estimate RIs, laboratory values from an existing 

database established for other purposes (e.g. reference laboratory 

information system) can be used. To apply this indirect approach, 

an outlier analysis was first conducted to exclude values from non- 

healthy individuals that might be present in the database. Outlier 

detection was performed using the method proposed by Tukey. Af- 

ter outlier detection, we obtained a sample size of 15,707 individ- 

uals. 

The RI estimation was carried out following the Clinical and 

Laboratory Standards Institute EP28-A3C protocol through an in- 

direct method based on bootstrap techniques. These techniques 

fall within the scope of non-parametric statistics because they 

do not require any assumption regarding the distribution of the 

studied populations. The bootstrapping method generates multi- 

ple pseudo-samples through resampling, with replacement from 

the available data. For the outlier analysis and the production 

of reference values, MedCalc Statistical Software version 23.1.1 

was used. Based on these results, we calculated a double-sided 

95% RI of 36.5-83.7 U/ml. The 90% confidence interval (CI) for 

lower limit was 36.2-36.7 and the upper limit was 83.3-84.0. 

The median of our population was estimated to be 57.9 U/ml. 

In addition, we also estimated the left-sided 95% RI that should 

be more appropriate for clinical use. This 95% RI was < 39.8 

U/ml (95% RI 39.6-40.0). These values closely align with data 

from a similar study on CH50 activity in a Caucasian population 

[ 24 ]. 

Statistical analysis 

Data were analyzed with SPSS Statistics, version 25.0. Mean and 

SD are presented for quantitative data, and number of cases (per- 

centages) are presented for categorical data. The Shapiro–Wilk test 

was used to assess normality. Differences in demographic, clini- 

cal data, and complement levels between COVID-19 survivors with 

and without post–COVID-19 condition were compared with chi- 

square or analysis of variance tests, as appropriate. Because this 

was an explorative study, a secondary analysis investigating differ- 

ences in clinical data and complement levels according to the pres- 

ence/absence of post-COVID fatigue or post-COVID dyspnea were 

conducted using analysis of variance tests. The level of significance 

was set at a priori 0.05, with P -values being corrected with Holm–

Bonferroni correction. 

Results 

A sample of 100 individuals with a positive history of SARS- 

CoV-2 infection was invited to participate in the study. A total of 

16 (16%) patients refused to participate. Accordingly, a total of 88 

COVID-19 survivors were included. A total of 57 patients had a di- 

agnosis of post–COVID-19 condition, whereas the remaining 27 did 

not exhibit any post-COVID symptom (comparative group). Both 

groups were similar in clinical data, preexisting medical conditions 

and COVID-19–associated onset symptoms ( Table 1 ). Thus, the par- 

ticipants reported infection with the Omicron variant (based on 

time of infection) and had received at least two vaccine doses be- 

fore infection. Thus, SARS-CoV-2 reinfections were reported by 21% 

of the participants (n = 12 post–COVID-19 condition group, n = 6 

comparative group, P = 0.922). 

At the time of study (mean: 1.7, SD: 1.2 years after acute in- 

fection), participants in the post–COVID-19 condition group re- 

ported a mean of 2.0 (SD 1.7) symptoms ( Table 2 ). Fatigue (49%) 

and dyspnea (35%) were the most prevalent post-COVID symptoms 

( Table 1 ). Survivors with post–COVID-19 condition reported higher 

related disability, anxiety and depressive levels, and poor sleep 

quality than those without post–COVID-19 condition ( P < 0.001, 

Table 2 ). 

Overall, the analysis did not reveal significant differences in 

complement fraction levels as well as CH50 activity between indi- 

viduals with and without post–COVID-19 condition ( Table 2 ). Five 

(8.8%) patients in the post–COVID-19 condition group had C4 levels 

higher than the reference value of 40 mg/dl. In addition, 11 (19.3%) 

3



C. Fernández-de-las-Peñas, M. Ruiz-Ruigómez, L. Esparcia-Pinedo et al. International Journal of Infectious Diseases 159 (2025) 108032

Table 1 

Clinical data according to the presence or absence of post–COVID-19 condition. 

Post–COVID-19 condition (n = 57) No post–COVID-19 condition (n = 27) P -value 

Female n (%) 32 (56.1%) 15 (55.5%) 0.958 

Age (years) 46.5 ± 9.0 46.5 ± 11.5 0.955 

Weight (kg) 70.0 ± 9.0 72.0 ± 9.5 0.589 

Height (cm) 166.5 ± 5.0 168.5 ± 5.5 0.533 

Number of pre-existing medical conditions 0.7 ± 0.5 0.6 ± 0.3 0.665 

Obesity (preexisting) 5 (8.8%) 2 (7.4%) 0.845 

Hypertension (preexisting) 5 (8.8%) 3 (11.1%) 0.757 

Diabetes mellitus (preexisting) 3 (5.2%) 1 (3.7%) 0.764 

Asthma (preexisting) 1 (2.0%) 0 (0.0%) 0.492 

Chronic obstructive pulmonary disease (preexisting) 0 (0.0%) 1 (3.7%) 0.151 

Cardiac diseases (preexisting) 1 (2.0%) 0 (0.0%) 0.492 

Musculoskeletal Pain (preexisting) 11 (19.3%) 4 (14.8%) 0.673 

Other diseases (preexisting) 5 (8.8%) 3 (11.1%) 0.757 

Number of COVID-19 onset symptoms 2.2 ± 0.8 2.0 ± 1.1 0.543 

Fever (COVID-19 onset) 21 (36.8%) 10 (37.1%) 0.909 

Dyspnea (COVID-19 onset) 7 (12.3%) 3 (11.1%) 0.890 

Myalgia (COVID-19 onset) 14 (24.6%) 6 (22.2%) 0.853 

Cough (COVID-19 onset) 4 (7.0%) 2 (7.4%) 0.951 

Headache (COVID-19 onset) 12 (21.1%) 5 (18.5%) 0.825 

Diarrhea (COVID-19 onset) 1 (2.0%) 0 (0.0%) 0.492 

Anosmia (COVID-19 onset) 3 (5.2%) 1 (3.7%) 0.764 

Ageusia (COVID-19 onset) 2 (3.5%) 1 (3.7%) 0.965 

Throat pain (COVID-19 onset) 2 (3.5%) 1 (3.7%) 0.965 

Table 2 

Post-COVID symptomatology and functionality and complement levels according to the presence or absence of post–COVID-19 condition. 

Post–COVID-19 condition (n = 57) No post–COVID-19 condition (n = 27) P -value 

Fatigue 28 (49.1%) —- —- 

Dyspnea 20 (35.1%) —- —- 

Cognitive blurring–brain fog 15 (26.3%) —- —- 

Pain 15 (26.3%) —- —- 

Memory loss 12 (21.0%) —- —- 

Gastrointestinal problems 12 (21.0%) —- —- 

Anosmia 11 (19.3%) —- —- 

Ageusia 10 (17.5%) —- —- 

Concentration loss 10 (17.5%) —- —- 

Ocular problems 7 (12.3%) —- —- 

Hair loss 5 (9.0%) —- —- 

Palpitations-tachycardia 5 (9.0%) —- —- 

diarrhea 5 (9.0%) —- —- 

Skin rashes 3 (5.2%) —- —- 

FIC symptoms (0-12) a 2.3 (2.1) 0.6 (0.2) 0.001 

FIC disability (0-12) a 1.4 (1.3) 0.0 (0.0) 0.001 

HADS-A (0-21) a 1.6 (0.8) 0.8 (0.2) 0.001 

HADS-D (0-21) a 2.8 (1.7) 0.7 (0.4) 0.001 

PSQI (0-21) a 7.7 (3.8) 5.4 (2.5) 0.015 

C3 component (mg/dl) 129.4 (24.8) 122.1 (24.7) 0.211 

C4 component (mg/dl) 31.3 (9.6) 27.8 (6.7) 0.196 

C5 component (mg/dl) 16.9 (3.7) 18.0 (5.2) 0.278 

C7 component (mg/dl) 90.9 (13.0) 94.3 (13.8) 0.300 

CH50 level 60.3 (10.6) 59.0 (10.2) 0.772 

CH50: total hemolytic complement activity; FIC: functional impairment checklist; HADS: hospital anxiety and depression scale (A: anxiety; D: depression); PSQI: Pittsburgh 

sleep quality index. 
a Statistically significant differences ( P < 0.05). 

patients in the post–COVID-19 condition group and five (18.5%) in- 

dividuals in the comparative group showed C5 levels higher than 

the reference value (16.7 mg/dl, P = 0.944). Values of C3 and C7 

fractions were within the normal range values in both groups. 

A subgroup analysis in the post–COVID-19 condition group re- 

vealed that participants specifically reporting post-COVID fatigue 

or dyspnea reported higher related disability and symptom sever- 

ity and anxiety or depressive symptoms than those without post- 

COVID fatigue or dyspnea ( Table 3 ). Participants with post-COVID 

fatigue exhibited lower C3 levels ( P = 0.025) than those without 

fatigue, whereas survivors with post-COVID dyspnea had lower C3 

( P = 0.001), C5 ( P = 0.015), and C7 ( P = 0.030) levels than those 

without dyspnea ( Table 3 ). 

Discussion 

Long-lasting complement activation in post–COVID-19 condition 

Persistent inflammation has been implicated in post–COVID- 

19 condition [ 12 ], which can be caused by immune hyperactiva- 

tion. Thus, it is hypothesized that viral reactivation, complement 

dysregulation, thrombin-mediated pathway, and inflammatory re- 

sponses can interplay in the pathogenesis of post–COVID-19 con- 

dition [ 12 ]. However, it is unclear whether complement hyperac- 

tivation persists after the acute COVID-19 phase and can be long- 

lasting and sustained in survivors developing post–COVID-19 con- 

dition. Because SARS-CoV-2 activates the complement system di- 
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Table 3 

Post-COVID functionality and complement levels according to the presence or absence of post-COVID fatigue or dyspnea. 

Post-COVID fatigue (n = 28) No post-COVID fatigue (n = 29) P -value 

FIC symptoms (0-12) a 4.25 (1.6) 0.6 (0.6) 0.001 

FIC disability (0-12) a 2.9 (1.8) 0.6 (0.2) 0.001 

HADS-A (0-21) a 2.0 (1.4) 0.75 (0.3) 0.001 

HADS-D (0-21) a 3.5 (3.1) 1.0 (0.6) 0.001 

PSQI (0-21) 8.1 (4.9) 7.2 (2.4) 0.386 

C3 component a 119.6 (19.3) 132.7 (23.8) 0.025 

C4 component 32.5 (13.8) 29.3 (8.4) 0.298 

C5 component 15.5 (1.5) 17.3 (4.5) 0.065 

C7 component 89.0 (14.6) 90.3 (10.8) 0.703 

CH50 level 56.3 (7.7) 61.0 (11.8) 0.085 

Post-COVID dyspnea (n = 20) No post-COVID dyspnea (n = 37) P -value 

FIC symptoms (0-12) a 4.7 (1.9) 1.6 (1.5) 0.001 

FIC disability (0-12) a 3.3 (2.7) 1.9 (0.8) 0.001 

HADS-A (0-21) a 2.5 (2.2) 0.6 (0.25) 0.001 

HADS-D (0-21) a 4.3 (4.2) 1.2 (0.9) 0.001 

PSQI (0-21) 7.7 (2.6) 7.6 (4.3) 0.915 

C3 component a 114.6 (16.5) 130.8 (23.2) 0.001 

C4 component 30.2 (8.6) 30.9 (11.8) 0.827 

C5 component a 15.0 (1.4) 17.0 (4.0) 0.015 

C7 component a 84.5 (10.4) 91.3 (12.7) 0.030 

CH50 level 55.7 (4.3) 60.0 (11.5) 0.070 

CH50: total hemolytic complement activity; FIC: functional impairment checklist; HADS: hospital anxiety and depression 

scale (A: anxiety; D: depression); PSQI: Pittsburgh sleep quality index. 
a Statistically significant differences ( P < 0.05). 

rectly (alternative complement and MB-lectin pathways) and indi- 

rectly (classic complement pathway), particularly, via amplification 

of loop and drive endothelial damage and inflammation, it would 

be possible that long-lasting inflammation observed in individuals 

with post–COVID-19 condition can be related to persistent comple- 

ment hyperactivation [ 25 ]. 

Complement hyperactivation is reflected by a decrease in serum 

concentration of several complement proteins due to increased 

product consumption [ 26 ]. We hypothesized there are lower pro- 

tein levels of the classic complement pathway in patients with 

post–COVID-19 condition; however, we did not find significant dif- 

ferences in C3, C4, C5, or C7 complement proteins nor in com- 

plement total activity (CH50). In fact, previous studies had found 

contradictory results. For instance, Cervia-Hasler et al. [ 13 ] ob- 

served a decrease in C7 protein levels in a sample of COVID-19 sur- 

vivors with post-COVID symptoms compared with survivors with- 

out post-COVID symptoms 6 months after the infection. On the 

contrary, Baillie et al. found higher levels of the C5a fragment pro- 

tein in participants with long-COVID, with a heterogeneous follow- 

up ranging from 2 years to 3 months after the infection [ 15 ]. Our 

study did not find long-lasting complement hyperactivation in sur- 

vivors with post–COVID-19 condition up to 2 years after infection 

in four proteins of the classic complement pathway. Importantly, 

most COVID-19 survivors with and without post–COVID-19 con- 

dition showed complement fraction protein levels within normal 

values, with some individual exceptions. It is possible that com- 

plement hyperactivity would decrease with time, and long-term 

follow-up lead to a normalization of fraction protein levels, at least 

in classic pathway. Thus, the fact that no differences in total com- 

plement activity (CH50) were seen between both groups would 

support this hypothesis. Longitudinal studies investigating this hy- 

pothesis are needed. 

Complement activation associated with specific post-COVID symptoms 

Some data suggest that complement dysregulation could be re- 

lated to specific post-COVID symptoms. We observed that some 

proteins from the classic complement pathway had lower levels 

in survivors specifically reporting post-COVID fatigue (C3 protein 

level) or dyspnea (C3, C5, and C7 protein levels). Decreased C3 

and C4 protein levels in serum indicate activation of the classic 

complement pathway. Vlaicu et al. proposed that decreased C3- 

C5 protein levels are associated with neuroinflammatory and im- 

mune responses, suggesting that terminal complement complex 

(i.e. membrane attack complex, MAC) explains neurological post- 

COVID symptomatology [ 27 ]. A higher neuroinflammatory and im- 

mune response may also explain the development of post-COVID 

fatigue or dyspnea symptoms. We also found lower C5 and C7 pro- 

tein levels in survivors with post-COVID dyspnea. Interestingly, C5 

inhibitors appear to be the most promising for suppressing the cy- 

tokine storm and for reducing COVID-19 severity [ 28 ]. Based on 

current data, we inferred that inhibitors of specific complement 

proteins may possibly mitigate/alleviate specific post-COVID symp- 

tomatology. Future clinical trials investigating this hypothesis are 

needed. 

In agreement with the results of the current study, Hagiya et al. 

[ 14 ] found higher CH50 activity in COVID-19 survivors reporting 

post-COVID neurologic symptoms (e.g. poor concentration, brain 

fog) 3 months after the acute infection but no differences in CH50 

activity in individuals with post-COVID fatigue and/or dyspnea. Be- 

cause elevated CH50 levels are related to increased total com- 

plement activity, current and previous results did not support an 

overall hyperactivity (response) of the immune system in survivors 

with post–COVID-19 condition in response to infection. 

Strengths and limitations 

The results of this explorative study should be considered ac- 

cording to its potential strengths and limitations. The use of a 

case-control design with a group of COVID-19 survivors fulfill- 

ing an accepted definition of post–COVID-19 condition and with 

the inclusion of a comparative/control group of survivors with- 

out post-COVID symptoms matched to the case group by age, sex, 

and vaccination status is a significant strength of the study. Thus, 

both groups exhibited similar preexisting medical comorbidities, 

which could not explain the results. In fact, this is an important 

topic because some pre-infection medical comorbidities (e.g. type 

II diabetes mellitus) can exacerbate complement system dysregula- 

tion (particularly, C3 protein) in those with post-COVID symptoms 

[ 29 ]. The number of individuals with diabetes mellitus in this ex- 
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ploratory study was small, and no association with the presence 

of post–COVID-19 condition was found. Second, to the best of our 

knowledge, our study has included the longest follow-up period af- 

ter a SARS-CoV-2 infection of studies published to date in relation 

to complement hyperactivity in participants with post–COVID-19 

condition, almost 2 years after the acute infection. 

Nevertheless, some potential limitations should be also ana- 

lyzed. First, due to the heterogeneity in the published literature 

related to complement proteins analyzed and the different follow- 

up periods, we were unable to conduct an “a priori” sample size 

calculation, accordingly, our sample size could be considered rel- 

atively small. It should also be considered that we included non- 

hospitalized COVID-19 survivors, so we do not know if the same 

results would be observed in hospitalized survivors. Second, the 

cross-sectional nature of the study design did not permit us to lon- 

gitudinally investigate a potential complement hyperactivity from 

the time of infection. Because post–COVID-19 has a fluctuating na- 

ture, it is possible that complement hyperactivity could also exhibit 

a potential fluctuating nature, explaining the heterogeneity results 

found in the literature. Third, we only evaluated the serum lev- 

els of some proteins from the native components of the comple- 

ment. In fact, the assessment of complement activation products 

requires stringent preanalytical conditions (immediate processing 

of plasma with addition of ethylenediaminetetraacetic acid (EDTA 

plasma), addition of inhibitors, and careful handling to avoid ex 

vivo activation). Future studies evaluating alternative complement 

and MB-lectin pathways using EDTA plasma would support or re- 

fute the current findings. 

Conclusion 

This case-control, explorative study did not find overall long- 

lasting complement hyperactivation evaluating the classic pathway 

in individuals who had survived an acute SARS-CoV-2 infection and 

developed post–COVID-19 condition up to 2 years after infection. 

Some proteins of the classic complement pathway were elevated 

in patients with specific symptoms, such as post-COVID fatigue (C3 

protein level) or post-COVID dyspnea (C3, C5, C7 protein levels). 

These findings deserve future research and may lead to new ther- 

apeutic strategies. 
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