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The coronavirus disease-2019 (COVID-19) caused by the SARS-CoV-2 virus may vary
from asymptomatic to severe infection with multi-organ failure and death. Increased levels
of circulating complement biomarkers have been implicated in COVID-19-related
hyperinflammation and coagulopathy. We characterized systemic complement
activation at a cellular level in 49-patients with COVID-19. We found increases of the
classical complement sentinel C1q and the downstream C3 component on circulating
blood monocytes from COVID-19 patients when compared to healthy controls (HCs).
Interestingly, the cell surface-bound complement inhibitor CD55 was also upregulated in
COVID-19 patient monocytes in comparison with HC cells. Monocyte membrane-bound
C1q, C3 and CD55 levels were associated with plasma inflammatory markers such as
CRP and serum amyloid A during acute infection. Membrane-bounds C1q and C3
remained elevated even after a short recovery period. These results highlight systemic
monocyte-associated complement activation over a broad range of COVID-19 disease
severities, with a compensatory upregulation of CD55. Further evaluation of complement
and its interaction with myeloid cells at the membrane level could improve understanding
of its role in COVID-19 pathogenesis.
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INTRODUCTION

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is the causative agent of the
coronavirus disease-2019 (COVID-19) (1). Clinical outcomes of COVID-19 may vary from
asymptomatic or mild disease to severe viral pneumonia with acute respiratory distress
syndrome (ARDS) causing high morbidity and mortality (2, 3). Several complications associated
org February 2022 | Volume 13 | Article 8158331
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with poor prognosis in patients with severe COVID-19 have
been described, such as systemic hyperinflammation, respiratory
failure, and cardiovascular and thromboembolic complications
(3–6). COVID-19-related hyperinflammation and coagulopathy
are marked by increased levels of innate inflammatory cytokines,
chemokines, and fibrin degradation products (7). Dysregulated
activation of the myeloid cell compartment is also increasingly
recognized with greater numbers of circulating inflammatory
monocytes and increased production of myeloid activation
markers (8–10).

The complement system is an important component of innate
and adaptive immunity that helps cells opsonize and kill
pathogens, directly regulates lymphocyte function, and
simultaneously contributes to inflammation and coagulation
(11–14). Monocytes and derived macrophages and dendritic
cells interact with the complement system through multiple
pathways (15). They produce most complement components
including the entire C1 complex and express both anaphylatoxin
receptors (C3aR, C5aR) and inhibitory receptors (CD55, CD59)
(11, 15). Complement has been implicated in the pathogenesis of
severe COVID-19 and genetic susceptibility loci that associate
with severe disease have been identified in complement genes
(16–19). A striking deposition of C5b-9, C4d, and the mannose
binding lectin (MBL)-associated serine protease (MASP2) was
found in the microvasculature of pulmonary and cutaneous
pathologic specimens from COVID-19 patients, suggesting
sustained, systemic activation of the complement cascade (20).
Co-localization of SARS-CoV-2-specific spike glycoproteins with
these complement components in the lung and skin was also
observed (20).

Increased levels of complement factors such as C3a, C5a,
and C5b-9 have been found in severe COVID-19 when
compared to mild infection or healthy controls (21–24).
However, differences in systemic complement levels between
those with mild-moderate COVID-19 and healthy controls has
been less frequently reported (23). Higher levels of C5b-9 and
C4d in those presenting with acute COVID-19 have been
associated with risk of progression to severe disease and
respiratory failure (25). In light of these findings, the use of
complement blockade was hypothesized to be potentially
efficacious in controlling the hyperinflammation of severe
COVID-19 and was trialed in multiple observational studies
with mixed results (26–31).

Due to the increasingly recognized role of dysregulated
complement activation in COVID-19 related inflammatory
complications, further evaluation of its activity at the
cell membrane level in different disease severities is
important. Here, we assessed both the complement activity
and inhibitory receptor expression in circulating blood
monocytes in a primarily hospitalized patient cohort with a
broad range of disease severity. Our findings provide insights
into the role of the complement system in the pathogenesis of
COVID-19 showing early activation on monocytes with a
potentially compensatory upregulation of the complement
inhibitor CD55.
Frontiers in Immunology | www.frontiersin.org 2
MATERIALS AND METHODS

Study Participants and Approval
Study participants were enrolled in National Institutes of Health
(NIH) clinical protocol: COVID-19–associated Lymphopenia
Pathogenesis Study in Blood (CALYPSO), NCT04401436
which recruited primarily hospitalized patients at the NIH
clinical center, Washington Hospital Center and Georgetown
University Hospital between May 2020 and June 2021.
Individuals were categorized based on their oxygen
requirement at the time of the research blood draw. Cases
were originally considered mild if patients required 4 liters of
supplemental oxygen or less. Moderate cases required from 4
liters to 50% oxygen concentration (FiO2), and severe cases
needed over 50% FiO2 or ICU care. Based on the number of
participants included in this study, this classification was
changed, and patients were subdivided into two groups: (1)
mild-moderate - those requiring 4 liters of supplemental
oxygen or less and (2) severe - those who required greater than
4-liters of supplemental oxygen. Only patients who were able to
consent themselves were eligible to participate, which excluded
enrollment of critically ill ventilated ICU patients. Ten patients
were recruited shortly after recovering from COVID-19 (three
were follow-ups from acute presentation). Research blood draw
for recovered patients was performed at a median of 54-days
after symptom onset. De-identified healthy volunteer blood
samples were obtained on NIH IRB-approved protocol 99-CC-
0168. All participants provided written informed consent prior
to any study procedures in accordance with the Declaration
of Helsinki.

Cell Culture and Treatments
Cryopreserved ficoll-isolated peripheral blood mononuclear cells
(PBMCs) from patients or healthy control individuals (HCs)
were thawed and resuspended in RPMI-1640 media (Corning,
NY, USA) supplemented with 10% heat-inactivated human AB
serum (Gemini Bio-Products, West Sacramento, USA) and
0.05% benzonase (MilliporeSigma, USA). Cells were rested for
1 hour at 37°C and 5% CO2 and subsequently plated at 106 cells/
well in round bottom 96-well plates (Corning Costar™,
MilliporeSigma, USA) followed by immune staining.

Flow Cytometry
PBMCs were incubated with LIVE/DEAD Fixable AQUA Dead
Cells Stain (Thermo Fisher, USA) for 15 min at RT, followed by
extracellular staining in Gelatin Veronal Buffer (GVB)
(CompTech complement Technology Inc, Tyler, TX) for 30
min at room temperature (RT) to characterize complement
staining in monocytes with the following monoclonal
antibodies (clones) and fluorochromes: CD14 (M5E2) BV605,
CD16 (3G8) PE-Cy7, CD56 (HCD56) BV421, CD66b (G10F5)
Pacific Blue from Biolegend, HLA-DR (L243) APC-Cy7, C3
(1H8) PE and CD59 (p282(H19)) BV711 from BD bioscience,
CD2 (RPA-2.10) eFluor 450, CD3 (UCHT1) eFluor 450, CD19
(SJ25C1) eFluor 450 and CD20 (2H7) eFluor 450 from Life
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Technology and, finally, C1q (polyclonal) FITC from Dako. Data
were acquired on a BD Fortessa flow cytometer (BD Biosciences).
All compensation and gating analyses were performed using
FlowJo 10.5.3 (TreeStar, Ashland, OR, USA).

Serum and Plasma Biomarker
Measurements
Plasma and serum samples from patients were used tomeasure the
following biomarkers according to the manufacturer’s
instructions. Plasma levels of inteleukin-6 (IL-6), IL-8, IL-10, IL-
27, tumor necrosis factor-a (TNFa), C-reactive protein (CRP),
and serum amyloid A (SAA) were quantified using ELISA kits
from Meso Scale Discovery platforms (Gaithersburg, MD, USA).
Serum levels of C3a, C5a, circulating immune complexes-C1q
(CIC-C1q), CIC-C3d, C1q, D-dimer, and ferritin were also
measured with ELISA Meso Scale Discovery platforms
(Gaithersburg, MD, USA). Plasma levels of sIL-6Ra were
quantified by ELISA from R&D Systems (Minneapolis,
MN, USA).

Statistical Analyses
Statistical analyses were performed using non-parametric Mann-
Whitney test in GraphPad Prism 8.0.1 software (GraphPad,
USA). Data are presented as median with interquartile ranges.
Spearman correlation matrix was performed to create heatmap.
Differences were considered significant when p < 0.05.
RESULTS

Patient Characteristics
The study enrolled 14 healthy controls and 49 COVID-19
patients, primarily hospitalized across three academic
institutions. The cohort included only three outpatients and
therefore was subdivided based on degree of hypoxia. If
patients had normal oxygen saturation or required minimal
Frontiers in Immunology | www.frontiersin.org 3
supplemental oxygen (<4-liters) they were considered mild-
moderate disease (n=29). For comparison, individuals in this
mild-moderate cohort met ACTT-1 ordinal scale criteria (32) for
group-2 (n=3), group-3 (n=13), and group-4 (n=13). Individuals
requiring higher levels of supplemental oxygen were classified as
severe disease (n=13) in our cohort and met ACTT-1 ordinal
scale criteria for group-5 (n=11) or group-6 (n=2). Only two of
these patients required mechanical ventilation and one died.
Seven participants were recruited after recovery from COVID-19
and eight patients that were enrolled during acute infection had
follow-up samples drawn as part of the recovered group (n=15).
The average age of the cohort was 51.4-years and 23 (47%) were
women. Twenty-four participants (49%) were African American
and 20 (41%) were Caucasian. Additional patient characteristics
are reported in Table 1.

Monocytes From COVID-19 Patients
Display Higher Membrane Expression of
Distinct Complement Components
COVID-19 severity has been associated with dysregulated
activation and recruitment of circulating blood monocytes
leading to pathological inflammation and tissue damage (9).
Although primarily targeting pathogen cell surfaces, deposition
of the classical complement sentinel C1q and C3 may overcome
protective complement regulators in bystander host cells, therefore
resulting in activation of the complement cascade on their surface
(33). We further characterized complement activation in COVID-
19 patients by measuring the membrane-bound complement
components on circulating monocytes. We found that COVID-
19 patients had increased levels of monocyte membrane-bound
C1q (mC1q) (Figure 1A) and C3 (mC3) (Figure 1B) when
compared to healthy control individuals (HCs).

As briefly mentioned above, in order to prevent damaging
activation on host cell surfaces while preserving regulatory
functions of activated complement components, several
complement regulators are distributed as cell surface-bound
TABLE 1 | Patient characteristics by disease severity.

Characteristic Mild-Moderate Severe Recovered

N 30 12 15
Age – y 55.5 (42.3-62.7) 56.5 (47.3-62.5) 52 (37-58.5)
Female – no. (%) 14 (47) 6 (50) 10 (66.7)
BMI (Kg/m2) 32.6 (29-39) 36.5 (28.5-41.3) 31 (27.2-44.5)
Race – no. (%)
White 13 (43) 2 (17) 8 (53.3)
African American 15 (50) 8 (66) 5 (33.3)
Other 2 (7) 2 (17) 2 (13.3)
Total neutrophil count 3.1 (2.0-4.7) 7.3 (5.5-7.5) 3.0 (2.5-4.4)
Total lymphocyte count 1.3 (1.0-1.7) 1.1 (0.6-1.6) 1.6 (1.4-2.2)
Time from symptom onset (Days) at sampling 8.5 (5-11.8) 12 (8-15.8) 79 (51-142)
Comorbidities – no. (%)
Hypertension 15 (50) 8 (67) 5 (33.3)
Diabetes mellitus 12 (40) 7 (58) 2 (13.3)
COPD/Asthma 5 (17) 4 (33) 2 (13.3)
Renal Disease 3 (10) 2 (17) 0 (0)
Treatment – no. (%)
Remdesivir 3 (10) 8 (67) 2 (13.3)
Dexamethasone 4 (13) 8 (67) 3 (20)
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inhibitors, such as CD55, which accelerates the decay of C3 and
C5 convertases, and CD59, which binds to the C5b-8 complex,
thus preventing full MAC assembly [reviewed in Refs (33, 34)].
Interestingly, we found elevated CD55 (Figure 1C) but not CD59
(Figure 1D) monocyte surface expression levels in COVID-19
patients when compared to the control group, consistent with a
compensatory mechanism in the setting of persistent
complement activation.

Furthermore, while mC1q upregulation was more prominent
within the classical CD14highCD16- and intermediate
CD14h i ghCD16+ monocytes than in the patrol l ing
CD14lowCD16+ group (Supplementary Figure 1B), mC3 is
shown to be broadly distributed among the distinct monocyte
subsets (Supplementary Figure 1A). Interestingly, expression of
both CD55 and CD59 membrane-bound complement inhibitors
was found specifically elevated in intermediate CD14highCD16+

monocytes from COVID-19 patients when compared to HCs
(Supplementary Figures 1C, D, respectively). None of these
markers, however, was associated with disease severity, since
similar surface expression of mC1q, mC3, CD55 and CD59 was
observed when COVID-19 patients were grouped in mild-
moderate versus severe disease (Figures 2A–D).

We next evaluated the relationship of these membrane-bound
complement markers with innate immune biomarkers which
had been checked in 22-participants as part of a previously
Frontiers in Immunology | www.frontiersin.org 4
completed study (35). Spearman correlation analyses showed
strong positive association between mC1q and mC3 (Figure 3).
Both mC1q and mC3 also had significant positive correlation
with CRP, SAA, TNFa, and ferritin. CD55 also correlated with
CRP and SAA, while CD59 did not have a significant
relationship with any immune biomarkers.

Finally, we sought to investigate whether altered complement
surface expression on monocytes from COVID-19 patients
persists after recovery (median 54-days, IQR: 46-78 days) by
comparing those markers across recovered individuals and HCs.
We observed that a small but statistically significant increase of
C1q and C3 complement deposition persisted in recovered
COVID-19 patients over 6-weeks after infection suggesting
residual complement activity. There were similar expression
levels of complement inhibitory receptors between COVID-19
recovered patients and HCs consistent with the initial increase in
CD55 returning to normal levels post-recovery from COVID-19
(Supplementary Figures 2A–D).
DISCUSSION

Severe COVID-19 is characterized by increases in innate
immune signaling, myeloid activation, and endothelial
dysfunction (8, 36–38). We demonstrate in a cohort of
A B

C D

FIGURE 1 | Complement deposition on circulating blood monocytes during acute COVID-19. The mean fluorescence intensity (MFI) of C1q (A), C3 (B), CD55 (C)
and CD59 (D) expression on circulating blood monocytes was compared between healthy controls (HC) (n = 14) and COVID-19 patients (n = 42) by flow cytometry
and presented as Fold change over their respective experimental HC mean, and graphs depict median and interquartile range. Data were analyzed using the Mann-
Whitney test. ****P < 0.0001; **P < 0.01; ns, not significant.
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primarily hospitalized patients with acute COVID-19 that there
is increased complement deposition on the cell surface of
monocytes with a possibly compensatory upregulation of the
CD55 complement inhibitor. Increased circulating complement
biomarkers have been consistently reported in severe disease and
positively correlate with CRP and D-dimer (22, 23). High
expression of complement receptors (C3aR1 and C5aR1) has
also been found on blood and pulmonary myeloid cells (21, 39).
Increased complement activation in less severe COVID-19 has
been less frequently described (23). Soluble complement
biomarkers are rapidly degraded which could limit their
sensitivity in detecting subtle changes during mild-moderate
infections. In addition, complement is tightly regulated, and
detectable increases may only occur after the breakdown of key
regulatory pathways in severe disease.

In our cohort, which primarily included mild-moderate cases,
we evaluated complement activation at the cellular level using
flow cytometry and identified increases in mC3 and mC1q on
monocytes. Measuring cellular levels of complement
components may reflect immunoregulatory function associated
with early complement activation rather than full activation of
the complement cascade. Alternatively, the level of mC3 and
Frontiers in Immunology | www.frontiersin.org 5
mC1q can reflect membrane translocation of monocyte
expressed complement components upon their activation.

Activated circulating blood monocytes have been reported as
major sources of complement C1q (40). Self-made C1 complex
(C1q, C1s, C1r) can translocate to the monocyte cell surface and
activate the complement cascade (41), thus suggesting a possible
role for monocyte-driven classical complement activation during
COVID-19. In addition, our findings of increased levels of mC3
on monocytes could indicate external complement deposition
and overactivation of the alternative pathway (AP) in COVID-
19. In agreement with that, Yu et al. have demonstrated the
SARS-CoV-2 spike (S) protein binds heparan sulfate in vitro,
thus activating the AP on cell surfaces, with deposition of C3
fragments and C5b-9 on target cells (42). We cannot rule out,
however, that other complement pathways could trigger the
cascade, as C3 deposition provides an amplification loop once
complement is initiated by any of the three pathways. In this
regard, it has been shown that deposition of the mannose
binding lectin (MBL)-associated serine protease MASP2 occurs
in the microvasculature of the lung and skin of COVID-19
patients, suggesting systemic activation of the Lectin pathway
(LP) (20). In fact, the SARS-CoV-2 S and N-proteins were also
A B

C D

FIGURE 2 | Complement deposition on circulating blood monocytes from COVID-19 stratified by disease status. The mean fluorescence intensity (MFI) of C1q (A),
C3 (B), CD55 (C) and CD59 (D) expression on circulating blood monocytes was compared among healthy controls (HC) (n = 14), COVID-19 Mild to Moderate
patients (n = 30) and Severe patients (n = 12) by flow cytometry. Data are presented as Fold change over their respective experimental HC mean, and graphs depict
median and interquartile range. Data were analyzed using the Kruskal-Wallis test. **P < 0.01, ****P < 0.0001; ns, not significant.
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found to bind MBL with subsequent LP-mediated C3b and
C4b deposition.

C1q and C3 expression was most prominent on classical
(CD14highCD16-) and intermediate (CD14highCD16+)
inflammatory monocytes which are known to be expanded
during acute SARS-CoV-2 infection (9, 10, 35). No apparent
relation with clinical severity was revealed, likely because our
cohort primarily recruited hospitalized patients with variable
oxygen requirements although few had severe disease requiring
mechanical ventilation limiting the sensitivity of this comparison.

Membrane bound C1q and C3 were strongly associated with
each other consistent with these markers reflecting systemic
complement activity. They were also positively associated with
other inflammatory biomarkers markers including CRP, SAA,
TNFa, and ferritin. As complement is closely involved in innate
immune activation, these results further support the involvement
of the complement system in the control of early phases of SARS-
CoV-2 infection.

Undesired complement activity on bystander host cells has
been shown to occur in acute and chronic disease states due to a
dysregulated inflammatory response (33, 43). It has been shown
Frontiers in Immunology | www.frontiersin.org 6
that inflammatory monocyte-derived macrophages are prevalent
in the lungs during SARS-CoV-2 infection, and they play a major
role in the production of inflammatory mediators (44, 45). Our
findings build on these prior studies and highlight the
contribution of inflammatory monocytes to complement
activation during COVID-19-related inflammation. These
results have implications for the utilization of complement
inhibition in the management of COVID-19 which has been
trialed in observational studies with variable results as reviewed
by Deravi et al. (46). Our findings support activation of the
classical and alternative complement pathways on monocytes
even in mild-moderate SARS-CoV-2 infection with a
compensatory upregulation of CD55. Detailed characterization
of the breakdown of immunoregulatory pathways leading to
severe disease is critical to identify predictive markers that could
indicate who would benefit most from therapeutic complement
inhibition and if C3 or C5 specific inhibitors could be of greater
utility. It is likely the complement system is important in
combating acute COVID-19 and therefore, identifying the
optimal timing of treatment is key to avoid diminishing the
acute immune response against replicating SARS-CoV-2.
FIGURE 3 | Relationship between monocyte bound complement markers and circulating systemic inflammatory biomarkers during acute COVID-19. Multi-
parameter Spearman’s correlation analysis of monocyte membrane-bound markers (mC1q, mC3, mCD55, mCD59) and plasma circulating biomarkers from COVID-
19 patients (statistically significant associations with p < 0.05 are highlighted with correlation coefficients in colored circles).
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Changes in the expression of complement inhibitory receptors
remains unexplored in COVID-19. We identified significant
increases in CD55 but not CD59 on monocytes in acute SARS-
CoV-2 infection. This increase was most prominent on
intermediate (CD14highCD16+) monocytes. No difference was
found between those with mild-moderate vs severe infection.
Positive associations were noted between CD55 and CRP and
SAA, whereas no significant associations with CD59 and innate
inflammatory markers was found suggesting that this inhibitory
receptor may be playing a less important role in monocyte
regulation of the complement system in acute COVID-19.
However, upregulation of the CD55 inhibitory receptor may
play a vital role in controlling complement activation and
preventing the dramatic increases seen in those with severe
COVID-19. Interestingly, polymorphisms causing functional
variation in CD55 have been implicated in severe influenza
infection (47). Identifying individuals with a genetic
predisposition to severe disease could also help risk stratify those
most likely to benefit from therapeutic complement inhibition.
Prior studies have identified variants in complement-associated
genes that incur greater risk of severe disease (17–19). Further
study of the CD55 regulatory pathway is required to characterize
its involvement in limiting systemic complement activation and
hyperinflammation during respiratory virus infections.

Interestingly, we identified that increased mC1q and mC3
deposition on monocytes persisted for over 6-weeks after SARS-
CoV-2 infection when compared to healthy controls. COVID-19
patients even with mild disease can continue to experience
prolonged symptoms after recovery from acute infection, and
mechanisms contributing to this post-acute COVID-19 syndrome
are unknown (48, 49). In a previous study, we described persistent
inflammasome activation and caspase-1 activity in monocytes
could be detected even after a short recovery from acute
COVID-19 (35). Our current results build on these findings
identifying residual increased complement activation persisting
on monocytes after a short recovery period. Our cohort was too
small to identify associations between residual complement
activity and lingering clinical symptoms, but this potential
mechanism should be explored in future studies.

Limitations of this study include the relatively small sample size
and the variability from symptom onset to research blood
collection between the groups. Our cohort primarily included
hospitalized patients with COVID-19 which allowed us to
compare complement activation across a spectrum of oxygen
requirements. Individuals in this cohort primarily met ACTT-1
ordinal scale criteria between group-3 (inpatient but no hypoxia)
to group-5 (requiring high flow oxygen supplementation). This did
limit our sensitivity to detect differences between mild outpatient
infections and severe disease requiring mechanical ventilation. The
biomarker data were originally collected for a prior COVID-19
study and results were not available for each participant (35).

In conclusion, we provide further evidence of increased
complement activity across SARS-CoV-2 infection severities.
Greater cellular expression and/or deposition of complement
markers on monocytes occurs in acute COVID-19 and is
Frontiers in Immunology | www.frontiersin.org 7
associated with a concomitant rise in CD55 but not CD59
expression. This increase in inhibitory receptor expression
could serve as a vital regulatory mechanism preventing the
pathologic levels of complement activation described in severe
SARS-CoV-2 infections. Further evaluation of regulatory
complement pathways is essential to understand their role in
limiting the hyperinflammatory sequelae of COVID-19 and
could aid in the development of new immunomodulatory
therapies to prevent these complications.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

Study participants were enrolled in the NIH clinical protocol:
COVID-19-associated Lymphopenia Pathogenesis Study in
Blood (CALYPSO), NCT04401436, which recruited at the NIH
clinical center, Washington Hospital Center and Georgetown
University Hospital. Healthy volunteer blood samples were
obtained under the protocol 99-CC-0168 and were de-
identified prior to distribution. Protocols in this study were
reviewed and approved by the National Institutes of Health
(NIH) Central Intramural Institutional Review Board (IRB).
All participants provided written informed consent prior to
any study procedures in accordance with the Declaration of
Helsinki. The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

SL, JR, and IS were involved in conception and design of the
study. SL, JR, and AR performed experiments and/or data
analysis. JR, EL, FG, AK, PK, RP, GW, AL, MM, and IS
recruited patients, assisted in clinical care, and helped with
data curation. AR and IS provided resources and reagents. SL,
JR, and IS were involved in drafting the manuscript. All authors
have reviewed and approved the final manuscript.
FUNDING

This project was supported in part by the intramural research
program of NIAID/NIH, with federal funds from the National
Cancer Institute, National Institutes of Health, under the following
Contract Numbers. (HHSN261200800001E, HHSN2612015000031
or 75N910D00024). The content of this publication does not
necessarily reflect the views or policies of the Department of
Health and Human Services, nor does mention of trade names,
February 2022 | Volume 13 | Article 815833

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Lage et al. Complement Expression in Monocytes During COVID-19
commercial products, or organizations imply endorsement by the
U.S. Government.
ACKNOWLEDGMENTS

We are grateful to the patients enrolled in protocols and b
lood bank healthy donors for making this study possible. We
also thank Drs Kumar and Wortmann and their associated
staff at WHC and Georgetown, as well as the OP8 Infectious
Frontiers in Immunology | www.frontiersin.org 8
Diseases Clinic staff for their assistance in patient recruitment
and evaluation.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.
815833/full#supplementary-material
REFERENCES
1. Tsang HF, Chan LWC, Cho WCS, Yu ACS, Yim AKY, Chan AKC, et al. An

Update on COVID-19 Pandemic: The Epidemiology, Pathogenesis,
Prevention and Treatment Strategies. Expert Rev Anti Infect Ther (2021) 19
(7):877–88. doi: 10.1080/14787210.2021.1863146

2. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk Factors Associated With
Acute Respiratory Distress Syndrome and Death in Patients With
Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern Med
(2020) 180(7):934–43. doi: 10.1001/jamainternmed.2020.0994

3. Gibson PG, Qin L, Puah SH. COVID-19 Acute Respiratory Distress
Syndrome (ARDS): Clinical Features and Differences From Typical Pre-
COVID-19 ARDS. Med J Aust (2020) 213(2):54–6.e1. doi: 10.5694/
mja2.50674

4. Dandel M. Pathophysiology of COVID-19-Associated Acute Respiratory
Distress Syndrome. Lancet Respir Med (2021) 9(1):e4. doi: 10.1016/S2213-
2600(20)30507-5

5. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F,
et al. Pulmonary Vascular Endothelialitis, Thrombosis, and Angiogenesis in
Covid-19. N Engl J Med (2020) 383(2):120–8. doi: 10.1056/NEJMoa2015432

6. Bonaventura A, Vecchie A, Dagna L, Martinod K, Dixon DL, Van Tassell BW,
et al. Endothelial Dysfunction and Immunothrombosis as Key Pathogenic
Mechanisms in COVID-19. Nat Rev Immunol (2021) 21(5):319–29. doi:
10.1038/s41577-021-00536-9

7. Bordallo B, Bellas M, Cortez AF, Vieira M, Pinheiro M. Severe COVID-19:
What Have We Learned With the Immunopathogenesis? Adv Rheumatol
(2020) 60(1):50. doi: 10.1186/s42358-020-00151-7

8. Zingaropoli MA, Nijhawan P, Carraro A, Pasculli P, Zuccala P, Perri V, et al.
Increased Scd163 and Scd14 Plasmatic Levels and Depletion of Peripheral
Blood Pro-Inflammatory Monocytes, Myeloid and Plasmacytoid Dendritic
Cells in Patients With Severe COVID-19 Pneumonia. Front Immunol (2021)
12:627548. doi: 10.3389/fimmu.2021.627548

9. Merad M, Martin JC. Pathological Inflammation in Patients With COVID-19:
A Key Role for Monocytes and Macrophages. Nat Rev Immunol (2020) 20
(6):355–62. doi: 10.1038/s41577-020-0331-4

10. Knoll R, Schultze JL, Schulte-Schrepping J. Monocytes and Macrophages in
COVID-19. Front Immunol (2021) 12:720109. doi: 10.3389/fimmu.
2021.720109

11. Reis ES, Mastellos DC, Hajishengallis G, Lambris JD. New Insights Into the
Immune Functions of Complement. Nat Rev Immunol (2019) 19(8):503–16.
doi: 10.1038/s41577-019-0168-x

12. Kunz N, Kemper C. Complement Has Brains-Do Intracellular Complement
and Immunometabolism Cooperate in Tissue Homeostasis and Behavior?
Front Immunol (2021) 12:629986. doi: 10.3389/fimmu.2021.629986

13. Li XX, Lee JD, Kemper C, Woodruff TM. The Complement Receptor C5aR2:
A Powerful Modulator of Innate and Adaptive Immunity. J Immunol (2019)
202(12):3339–48. doi: 10.4049/jimmunol.1900371

14. Amara U, Rittirsch D, Flierl M, Bruckner U, Klos A, Gebhard F, et al.
Interaction Between the Coagulation and Complement System. Adv Exp Med
Biol (2008) 632:71–9. doi: 10.1007/978-0-387-78952-1_6

15. Lubbers R, van Essen MF, van Kooten C, Trouw LA. Production of
Complement Components by Cells of the Immune System. Clin Exp
Immunol (2017) 188(2):183–94. doi: 10.1111/cei.12952
16. Lo MW, Kemper C, Woodruff TM. COVID-19: Complement, Coagulation,
and Collateral Damage. J Immunol (2020) 205(6):1488–95. doi: 10.4049/
jimmunol.2000644

17. Gavriilaki E, Asteris PG, Touloumenidou T, Koravou EE, Koutra M,
Papayanni PG, et al. Genetic Justification of Severe COVID-19 Using a
Rigorous Algorithm. Clin Immunol (2021) 226:108726. doi: 10.1016/
j.clim.2021.108726

18. Ramlall V, Thangaraj PM, Meydan C, Foox J, Butler D, Kim J, et al. Immune
Complement and Coagulation Dysfunction in Adverse Outcomes of SARS-
CoV-2 Infection. Nat Med (2020) 26(10):1609–15. doi: 10.1038/s41591-020-
1021-2

19. Tsiftsoglou SA. SARS-CoV-2 Associated Complement Genetic Variants
Possibly Deregulate the Activation of the Alternative Pathway Affecting the
Severity of Infection. Mol Immunol (2021) 135:421–5. doi: 10.1016/
j.molimm.2021.03.021

20. Magro C, Mulvey JJ, Berlin D, Nuovo G, Salvatore S, Harp J, et al.
Complement Associated Microvascular Injury and Thrombosis in the
Pathogenesis of Severe COVID-19 Infection: A Report of Five Cases. Transl
Res (2020) 220:1–13. doi: 10.1016/j.trsl.2020.04.007

21. Carvelli J, Demaria O, Vely 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(7836):146–50. doi: 10.1038/s41586-020-2600-6

22. de Nooijer AH, Grondman I, Janssen NAF, Netea MG, Willems L, van de
Veerdonk FL, et al. Complement Activation in the Disease Course of
Coronavirus Disease 2019 and Its Effects on Clinical Outcomes. J Infect Dis
(2021) 223(2):214–24. doi: 10.1093/infdis/jiaa646

23. Cugno M, Meroni PL, Gualtierotti R, Griffini S, Grovetti E, Torri A, et al.
Complement Activation and Endothelial Perturbation Parallel COVID-19
Severity and Activity. J Autoimmun (2021) 116:102560. doi: 10.1016/
j.jaut.2020.102560

24. Ma L, Sahu SK, Cano M, Kuppuswamy V, Bajwa J, McPhatter J, et al.
Increased Complement Activation Is a Distinctive Feature of Severe SARS-
CoV-2 Infection. Sci Immunol (2021) 6(59):1–12. doi: 10.1126/
sciimmunol.abh2259

25. Holter JC, Pischke SE, de Boer E, Lind A, Jenum S, Holten AR, et al. Systemic
Complement Activation Is Associated With Respiratory Failure in COVID-19
Hospitalized Patients. Proc Natl Acad Sci USA (2020) 117(40):25018–25. doi:
10.1073/pnas.2010540117

26. Mastaglio S, Ruggeri A, Risitano AM, Angelillo P, Yancopoulou D, Mastellos
DC, et al. The First Case of COVID-19 Treated With the Complement C3
Inhibitor AMY-101. Clin Immunol (2020) 215:108450. doi: 10.1016/
j.clim.2020.108450

27. 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

28. Laurence J, Mulvey JJ, Seshadri M, Racanelli A, Harp J, Schenck EJ, et al. Anti-
Complement C5 TherapyWith Eculizumab in Three Cases of Critical COVID-
19. Clin Immunol (2020) 219:108555. doi: 10.1016/j.clim.2020.108555

29. Peffault de Latour R, Bergeron A, Lengline E, Dupont T, Marchal A, Galicier
L, et al. Complement C5 Inhibition in Patients With COVID-19 - A
Promising Target. Haemotologica (2020) 105(12):2847–50. doi: 10.3324/
haematol.2020.260117
February 2022 | Volume 13 | Article 815833

https://www.frontiersin.org/articles/10.3389/fimmu.2022.815833/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.815833/full#supplementary-material
https://doi.org/10.1080/14787210.2021.1863146
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.5694/mja2.50674
https://doi.org/10.5694/mja2.50674
https://doi.org/10.1016/S2213-2600(20)30507-5
https://doi.org/10.1016/S2213-2600(20)30507-5
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1038/s41577-021-00536-9
https://doi.org/10.1186/s42358-020-00151-7
https://doi.org/10.3389/fimmu.2021.627548
https://doi.org/10.1038/s41577-020-0331-4
https://doi.org/10.3389/fimmu.2021.720109
https://doi.org/10.3389/fimmu.2021.720109
https://doi.org/10.1038/s41577-019-0168-x
https://doi.org/10.3389/fimmu.2021.629986
https://doi.org/10.4049/jimmunol.1900371
https://doi.org/10.1007/978-0-387-78952-1_6
https://doi.org/10.1111/cei.12952
https://doi.org/10.4049/jimmunol.2000644
https://doi.org/10.4049/jimmunol.2000644
https://doi.org/10.1016/j.clim.2021.108726
https://doi.org/10.1016/j.clim.2021.108726
https://doi.org/10.1038/s41591-020-1021-2
https://doi.org/10.1038/s41591-020-1021-2
https://doi.org/10.1016/j.molimm.2021.03.021
https://doi.org/10.1016/j.molimm.2021.03.021
https://doi.org/10.1016/j.trsl.2020.04.007
https://doi.org/10.1038/s41586-020-2600-6
https://doi.org/10.1093/infdis/jiaa646
https://doi.org/10.1016/j.jaut.2020.102560
https://doi.org/10.1016/j.jaut.2020.102560
https://doi.org/10.1126/sciimmunol.abh2259
https://doi.org/10.1126/sciimmunol.abh2259
https://doi.org/10.1073/pnas.2010540117
https://doi.org/10.1016/j.clim.2020.108450
https://doi.org/10.1016/j.clim.2020.108450
https://doi.org/10.1016/j.clim.2020.108598
https://doi.org/10.1016/j.clim.2020.108555
https://doi.org/10.3324/haematol.2020.260117
https://doi.org/10.3324/haematol.2020.260117
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Lage et al. Complement Expression in Monocytes During COVID-19
30. Risitano AM, Mastellos DC, Huber-Lang M, Yancopoulou D, Garlanda C,
Ciceri F, et al. Complement as a Target in COVID-19? Nat Rev Immunol
(2020) 20(6):343–4. doi: 10.1038/s41577-020-0320-7

31. Pitts TC. Soliris to Stop Immune-Mediated Death in COVID-19 (SOLID-
C19)-A Compassionate-Use Study of Terminal Complement Blockade in
Critically Ill Patients With COVID-19-Related Adult Respiratory Distress
Syndrome. Viruses (2021) 13(12):2429. doi: 10.3390/v13122429

32. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, et al.
Remdesivir for the Treatment of Covid-19 - Final Report. N Engl J Med (2020)
383(19):1813–26. doi: 10.1056/NEJMoa2007764

33. Noris M, Remuzzi G. Overview of Complement Activation and Regulation.
Semin Nephrol (2013) 33(6):479–92. doi: 10.1016/j.semnephrol.2013.08.001

34. Zipfel PF, Skerka C. Complement Regulators and Inhibitory Proteins. Nat Rev
Immunol (2009) 9(10):729–40. doi: 10.1038/nri2620

35. Lage SL, Amaral EP, Hilligan KL, Laidlaw E, Rupert A, Namasivayan S, et al.
Persistent Oxidative Stress and Inflammasome Activation in CD14highCD16-
Monocytes From COVID-19 Patients. Front Immunol (2021) 12:799558. doi:
10.3389/fimmu.2021.799558

36. Gustine JN, Jones D. Immunopathology of Hyperinflammation in COVID-19.
Am J Pathol (2021) 191(1):4–17. doi: 10.1016/j.ajpath.2020.08.009

37. Vanderbeke L, Van Mol P, Van Herck Y, De Smet F, Humblet-Baron S,
Martinod K, et al. Monocyte-Driven Atypical Cytokine Storm and Aberrant
Neutrophil Activation as Key Mediators of COVID-19 Disease Severity. Nat
Commun (2021) 12(1):4117. doi: 10.1038/s41467-021-24360-w

38. Goshua G, Pine AB, Meizlish ML, Chang CH, Zhang H, Bahel P, et al.
Endotheliopathy in COVID-19-Associated Coagulopathy: Evidence From a
Single-Centre, Cross-Sectional Study. Lancet Haematol (2020) 7(8):e575–e82.
doi: 10.1016/S2352-3026(20)30216-7

39. Gupta R, Gant VA, Williams B, Enver T. Increased Complement Receptor-3
Levels in Monocytes and Granulocytes Distinguish COVID-19 Patients With
Pneumonia From Those With Mild Symptoms. Int J Infect Dis (2020) 99:381–
5. doi: 10.1016/j.ijid.2020.08.004

40. Morgan BP, Gasque P. Extrahepatic Complement Biosynthesis: Where, When
and Why? Clin Exp Immunol (1997) 107(1):1–7. doi: 10.1046/j.1365-
2249.1997.d01-890.x

41. Hosszu KK, Valentino A, Ji Y, Matkovic M, Pednekar L, Rehage N, et al. Cell
Surface Expression and Function of the Macromolecular C1 Complex on the
Surface of Human Monocytes. Front Immunol (2012) 3:38. doi: 10.3389/
fimmu.2012.00038

42. Yu J, Yuan X, Chen H, Chaturvedi S, Braunstein EM, Brodsky RA. Direct
Activation of the Alternative Complement Pathway by SARS-CoV-2 Spike
Proteins Is Blocked by Factor D Inhibition. Blood (2020) 138(18):2080–9. doi:
10.1182/blood.2020008248
Frontiers in Immunology | www.frontiersin.org 9
43. Holers VM. Complement and its Receptors: New Insights Into Human
Disease. Annu Rev Immunol (2014) 32:433–59. doi: 10.1146/annurev-
immunol-032713-120154

44. Franks TJ, Chong PY, Chui P, Galvin JR, Lourens RM, Reid AH, et al. Lung
Pathology of Severe Acute Respiratory Syndrome (SARS): A Study of 8
Autopsy Cases From Singapore. Hum Pathol (2003) 34(8):743–8. doi:
10.1016/S0046-8177(03)00367-8

45. Nicholls JM, Poon LLM, Lee KC, Ng WF, Lai ST, Leung CY, et al. Lung
Pathology of Fatal Severe Acute Respiratory Syndrome. Lancet (2003) 361
(9371):1773–8. doi: 10.1016/S0140-6736(03)13413-7

46. Deravi N, Ahsan E, Fathi M, Hosseini P, Yaghoobpoor S, Lotfi R, et al.
Complement Inhibition: A Possible Therapeutic Approach in the Fight
Against Covid-19. Rev Med Virol (2021), e2316. doi: 10.1002/rmv.2316

47. Zhou J, To KK, Dong H, Cheng ZS, Lau CC, Poon VK, et al. A Functional
Variation in CD55 Increases the Severity of 2009 Pandemic H1N1 Influenza A
Virus Infection. J Infect Dis (2012) 206(4):495–503. doi: 10.1093/infdis/jis378

48. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS,
et al. Post-Acute COVID-19 Syndrome. Nat Med (2021) 27(4):601–15. doi:
10.1038/s41591-021-01283-z

49. Yong SJ. Long COVID or Post-COVID-19 Syndrome: Putative
Pathophysiology, Risk Factors, and Treatments. Infect Dis (Lond) (2021) 53
(10):737–54. doi: 10.1080/23744235.2021.1924397

Conflict of Interest: Authors AR and AK were employed by Leidos Biomedical
Research, Inc.

The remaining 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.

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.

Copyright © 2022 Lage, Rocco, Laidlaw, Rupert, Galindo, Kellogg, Kumar, Poon,
Wortmann, Lisco, Manion and Sereti. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
February 2022 | Volume 13 | Article 815833

https://doi.org/10.1038/s41577-020-0320-7
https://doi.org/10.3390/v13122429
https://doi.org/10.1056/NEJMoa2007764
https://doi.org/10.1016/j.semnephrol.2013.08.001
https://doi.org/10.1038/nri2620
https://doi.org/10.3389/fimmu.2021.799558
https://doi.org/10.1016/j.ajpath.2020.08.009
https://doi.org/10.1038/s41467-021-24360-w
https://doi.org/10.1016/S2352-3026(20)30216-7
https://doi.org/10.1016/j.ijid.2020.08.004
https://doi.org/10.1046/j.1365-2249.1997.d01-890.x
https://doi.org/10.1046/j.1365-2249.1997.d01-890.x
https://doi.org/10.3389/fimmu.2012.00038
https://doi.org/10.3389/fimmu.2012.00038
https://doi.org/10.1182/blood.2020008248
https://doi.org/10.1146/annurev-immunol-032713-120154
https://doi.org/10.1146/annurev-immunol-032713-120154
https://doi.org/10.1016/S0046-8177(03)00367-8
https://doi.org/10.1016/S0140-6736(03)13413-7
https://doi.org/10.1002/rmv.2316
https://doi.org/10.1093/infdis/jis378
https://doi.org/10.1038/s41591-021-01283-z
https://doi.org/10.1080/23744235.2021.1924397
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Activation of Complement Components on Circulating Blood Monocytes From COVID-19 Patients
	Introduction
	Materials and Methods
	Study Participants and Approval
	Cell Culture and Treatments
	Flow Cytometry
	Serum and Plasma Biomarker Measurements
	Statistical Analyses

	Results
	Patient Characteristics
	Monocytes From COVID-19 Patients Display Higher Membrane Expression of Distinct Complement Components

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


