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Complement Consumption in Systemic Lupus
Erythematosus Leads to Decreased
Opsonophagocytosis In Vitro
Amanda Mitander, Ying Fei, Estelle Trysberg, Majd Mohammad, Zhicheng Hu, 
Egidija Sakiniene, Rille Pullerits, and Tao Jin

ABSTRACT. Objective. Infections remain a major cause of morbidity and mortality in patients with systemic lupus
erythematosus (SLE). The high prevalence of infections in SLE is attributed to both the disease and
its treatments. The complement system plays an important role in host immune responses against
invading microorganisms. We sought to provide the experimental and clinical evidence supporting
the hypothesis that low levels of complement factors cause defective complement-mediated
opsonization in patients with SLE. 
Methods. Staphylococcus aureus was opsonized with sera from healthy individuals (n = 16), SLE
patients with normal (n = 5) or low complement (n = 8) levels. Phagocytosis of S. aureus by healthy
human neutrophils was analyzed by an imaging flow cytometry-based method. We retrospectively
examined the infection incidence in relation to complement levels in a cohort of 165 patients with
SLE during a 1.5-year period. The association was analyzed for infection incidence and disease-related
variables.
Results. Uptake of S. aureus by neutrophils was decreased when S. aureus was opsonized with sera
from SLE patients with low complement levels compared to sera from healthy individuals and SLE
patients with normal complement. In our SLE cohort, 44% of patients had at least 1 infection during
the 1.5 years. No significant association was observed between complement levels and infection risk.
Importantly, high-dose glucocorticoids (GC; prednisone ≥ 10 mg/day) were the most important
predictive factor for infections in patients with SLE. 
Conclusion. Low complement levels affect bacterial opsonization in SLE blood and lead to downreg-
ulated phagocytosis by neutrophils. High-dose GC increase the infection risk in patients with SLE.
(J Rheumatol First Release September 1 2018; doi:10.3899/jrheum.171325)
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Infectious diseases are a major cause of morbidity and
mortality in patients with systemic lupus erythematosus
(SLE), accounting for 20–55% of all deaths in those
patients1. Along with active disease and medical complica-
tions, infections are one of the 3 most common reasons for
hospitalization in patients with SLE, causing significant
clinical and economic consequences2. 
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    The high prevalence of infections in patients with SLE has
been attributed to both the disease (intrinsic factors) and its
treatments (extrinsic factors). Corticosteroids, especially in
high doses, are shown in numerous reports to significantly
increase the susceptibility to infections3,4,5,6. The use of
cyclophosphamide (CYC) is also known as a strong risk
factor for infections in SLE7,8. For rituximab (RTX), it has
been shown that the first 6 months after treatment and the use
of more than 3 courses are associated with an increased
susceptibility for infections4. 
    Besides the immunosuppressive treatments, patients with
SLE appear to have intrinsic factors predisposing to infec-
tions. The phagocytic ability, chemotaxis, and production of
reactive oxygen species are impaired in neutrophils isolated
from patients with SLE9,10,11, which might be partially due
to decreased tumor necrosis factor production by monocytes
in patients with SLE12. Lymphopenia, a commonly observed
hematologic disorder in untreated patients with SLE, was
shown to be an independent risk factor for development of
severe infections13. 
    The complement system, one of the essential components
of the innate immunity, is also affected in SLE. The
homozygous hereditary deficiency of complement compo-
nents (e.g., C1q) is strongly associated with development of
SLE and severe manifestations of the disease14,15. The
expression of complement receptor 1 is downregulated in the
leukocytes from patients with SLE, resulting in impaired
clearance of immune complexes and invading micro -
organisms16. As a result of complement activation and
consumption, the levels of complement proteins are often
reduced in patients with active SLE17,18. Low levels of
complement factors were shown to be an independent risk
factor for development of severe infections and acquiring
drug-resistant bacteria in patients with SLE3,7,13. 
    In our present study, we attempted to provide the experi-
mental and clinical evidence supporting the hypothesis that
low levels of complement factors cause defective
complement-mediated opsonization of bacteria in sera of
patients with SLE. 

MATERIALS AND METHODS
Ethics, consent, and permissions. All patients gave informed consent prior
to participation, and the studies were approved by the Ethics Committee at
the Sahlgrenska Academy at the University of Gothenburg with approval
numbers 433-11 and 449-12.
Serum samples from patients and healthy controls. Blood samples were
collected from 13 patients with SLE attending the rheumatology clinics in
Sahlgrenska University Hospital, Göteborg, in western Sweden. All patients
fulfilled the 1997 updated American College of Rheumatology classification
criteria for SLE19,20 as well as Systemic Lupus International Collaborating
Clinics (SLICC) classification criteria from 201221. Five of the included
patients had normal C3 and C4 levels, and 8 patients had both low C3 and low
C4 blood levels. A control group of 16 healthy staff members and PhD students
(age range 25–49 yrs) in the Department of Rheumatology were included. 
     Sera and EDTA plasma were also collected simultaneously from 4 SLE
patients with normal complement factor (C3 and C4) levels. To obtain the
heat-inactivated sera, the patient sera were heated at 56°C for 60 min.

     Samples were aliquoted and stored at –70°C until the time of analyses.
C3, C4, and C3d levels in EDTA plasma were analyzed consecutively in the
routine laboratory of the Department of Clinical Immunology of Sahlgrenska
University Hospital.
Isolation of human neutrophils. Peripheral blood neutrophils were isolated
from 1-day-old buffy coats from healthy blood donors. Neutrophils were
purified, suspended in Krebs-Ringer glucose (KRG) phosphate buffer
supplemented with Ca2+ (1 mM), and stored on ice until use22. 
Identification of C3b deposits on the Staphylococcus aureus surface. Green
fluorescent protein (GFP)-expressing S. aureus were cultured overnight in
tryptic soy broth (TSB) and then incubated with 10% normal sera,
heat-inactivated sera, and EDTA-plasma from 4 patients with SLE, and
C3-depleted sera (Quidel Corp.) in phosphate buffered saline (PBS) at 37°C
for 30 min. The serum-opsonized S. aureus (5 × 106/sample) were washed,
then placed on ice and stained with allophycocyanin (APC) mouse
antihuman C3b/iC3b (BioLegend) diluted 1:100 for 1 h, before being
analyzed on an imaging flow cytometer (ImageStreamX MkII Amnis and
Image Data Exploration and Analysis software v.6.0) at 60× magnification. 
Human neutrophil phagocytosis assay. An imaging flow cytometry-based
method was used to analyze phagocytic capacity of human neutrophils, as
previously described23,24. GFP-expressing S. aureus bacteria were cultured
overnight in TSB, washed in PBS, and then incubated with 10% sera from
healthy individuals and from patients with SLE in KRG at 37°C for 30 min.
Also, normal sera, heat-inactivated sera, EDTA plasma from 4 patients with
SLE, and C3-depleted serum were used for S. aureus opsonization. The
purified neutrophils (1 × 106/sample) were allowed to interact with
opsonized S. aureus (5 × 106/sample) at 37°C for 30 min. The cells were
then placed on ice and stained with APC mouse antihuman CD16 (BD
Pharmingen) for 1 h, before being analyzed on an imaging flow cytometer.
Neutrophils were defined as the CD16-positive cells, and phagocytosis was
analyzed in a single neutrophil. First, the intensity of GFP was used to
determine whether the cell was associated with bacteria. Then, the internal-
ization feature was used to determine whether the GFP-positive cells had
internalized or merely bound the bacteria. Data are presented as the
percentage of CD16-positive neutrophils with internalized S. aureus.
Inclusion and exclusion criteria in the SLE cohort. We identified all patients
(a total of 525) with SLE diagnosis at the Rheumatology Department of
Sahlgrenska University Hospital in Sweden during a 1.5-year study period
(July 2014–December 2015). We chose only to include patients who were 
< 50 years of age at the end of 2015 (283 patients), because infections in
older patients are more multifactorial. Of those 283 patients, 200 individuals
had registered blood levels of complement factors (C3, C4, and C3d) during
this study period. Finally, medical records of the patients were carefully
reviewed and 165 patients who met the SLICC classification criteria from
2012 were included in the study (Figure 1). 
Study approach. Information about the lowest and highest levels of C3, C4,
and C3d measured during the study period were recorded, as well as infor-
mation in medical records regarding infections and use of antibiotics during
the same period. Likewise, current values of anti-dsDNA and the occurrence
of leukopenia, neutropenia, and lymphopenia during the period of 1.5 years
were noted. 
     Organ involvement, positive autoantibodies (antinuclear antibody,
anti-dsDNA, anti-SSA, anti-SSB, anti-Sm, anti-RNP, anti-RiboP, anti-C1q,
antiphospholipid antibodies, lupus anticoagulant), and pathologic hemato-
logic status (hemolytic anemia, leukopenia, thrombocytopenia) since disease
debut were used to ensure that the patients fulfilled the SLE classification
criteria for inclusion (SLICC-2012). 
     The patients were divided into 3 groups according to C3 and C4 levels:
normal, low, and very low level of complement. The boundary level between
low and very low was placed one-third below the lowest normal cutoff level.
For C3, the levels were 0.76–1.39 g/l (normal), 0.50–0.75 g/l (low), and 
< 0.50 g/l (very low). For C4, the levels were 0.13–0.37 g/l (normal),
0.087–0.12 g/l (low), and < 0.087 g/l (very low). The average of the highest
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and the lowest value was calculated during this period and is referred to as
the “estimated average” levels of C3 and C4. 
     The site of infection was recorded as well as the type of pathogen when
it was given in medical records and microbiological laboratory responses.
Patients who experienced at least 1 episode of infection during the study
period were classified as the infection group.
     Detailed information regarding the current treatment with glucocorti-
coids (GC), disease-modifying antirheumatic drugs (DMARD), and
biological drugs during the 1.5-year period was also obtained from medical
records. We estimated the average GC consumption during the period and
graduated the effect into 3 groups: 0 points (no treatment); 1 point (< 10 mg
daily in average); 2 points (≥ 10 mg daily in average). For CYC, a period 
1 month posttreatment, and for RTX, a period up to 6 months following
treatment was included because of the known longterm effects of these treat-
ments on the immune system. In an attempt to estimate the various immuno-
suppressive effects of drugs in the groups “antirheumatic drugs including
GC” and “antirheumatic drugs excluding GC,” we classified the drugs
according to a score system and calculated a total value for each patient. The
values were 0 point (no treatment); 1 point (hydroxychloroquine); 2 points
(other DMARD, such as azathioprine, methotrexate, tacrolimus, cyclo -
sporine, and mycophenolate mofetil); 3 points (belimumab, RTX, and CYC). 
Statistical analysis.Analyses were performed using GraphPad Prism version
7.0b software (GraphPad software) and by SAS (Statistical Analysis
System). The statistical significances of differences between groups were
assessed using the Mann–Whitney U test and the chi-square test. Pearson’s

correlation was used to calculate correlation coefficients. Multiple linear
regression was used in different models to assess whether confounding
exists. A 2-tailed p value < 0.05 was considered statistically significant.

RESULTS
Opsonophagocytosis by neutrophils is largely dependent on
serum levels of complement factors. To identify the C3b
deposits on the bacterial surface, the GFP-expressing S.
aureus was incubated with SLE serum with normal
complement and with C3-depleted serum. Both histogram
(Figure 2A) and representative images (Figure 2B) by
imaging flow cytometry clearly demonstrate the presence of
abundant C3b deposits on the bacterial surface after
opsonization with SLE sera but not with C3-depleted sera.
The phagocytic rates were greatly reduced when bacteria
were opsonized with heat-inactivated sera, EDTA-plasma,
and C3-depleted sera compared with SLE sera with normal
C3 and C4 levels (Figure 2C), suggesting that phagocytic
capacity of neutrophils in our experimental setting is largely
dependent on the complement levels. 
Opsonophagocytosis of S. aureus by healthy neutrophils is
downregulated in the presence of sera from SLE patients with
low complement factors. To understand whether low
complement levels affect bacterial opsonophagocytosis in
SLE sera, S. aureus were opsonized with sera from SLE
patients or with sera from healthy individuals, and
opsonophagocytosis of S. aureus by healthy neutrophils was
analyzed using imaging flow cytometry. A very low internal-
ization rate (11%) was seen when S. aureus were not
opsonized with serum, whereas the internalization rate was
5-fold higher when bacteria were preincubated with sera from
healthy individuals (Figure 2D). Importantly, significantly
decreased uptake of S. aureus by neutrophils was observed
when S. aureus was opsonized with sera from SLE patients
with low complement levels compared to sera from SLE
patients with normal complement and healthy individuals. 
    We further studied the association between the internal-
ization rate and the levels of complement factors in patients
with SLE. There was a significant positive correlation
between internalization rate and C4 levels (Figure 2E),
whereas C3d levels were negatively correlated with internal-
ization rate (r = –0.61, p = 0.02). C3 levels did not signifi-
cantly correlate with internalization rate. Representative
micrographs of neutrophils in association with GFP-expres -
sing S. aureus are shown in Figure 2F.
Characterization of cohort of patients with SLE. To further
investigate whether our in vitro results have clinical
relevance, we retrospectively examined the infection
incidence in relation to complement levels in a cohort of 165
young patients with SLE (age range 17–49 yrs) with median
disease duration 9 years (range 1–35 yrs) at our rheumatology
clinic during a 1.5-year period. Table 1 presents the clinical
characteristics and disease-related variables of patients with
SLE (145 females and 20 males) included in the study. All
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Figure 1. Flowchart of patient inclusion in the study. SU: Sahlgrenska
University Hospital; SLE: systemic lupus erythematosus; SLICC: Systemic
Lupus International Collaborating Clinics.
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patients fulfilled the SLICC-2012 classification criteria for
SLE diagnosis. Of them, 99% had ever been tested positive
with immunofluorescence for the presence of antinuclear
antibodies, and 85% were ever anti-dsDNA–positive during
the disease course. Sixty-eight patients had previous or
present SLE kidney involvement, whereas 6 of them had
undergone kidney transplantation. Over half of the patients
presented or ever have had leukopenia. 
    In 101 patients, complement levels were analyzed 2 or
more times (range 2–11), and the majority of them had stable
levels of C3 and C4 during the 1.5 years. At some point
during the investigated time period, 51% of patients had both
low C3 and C4. Regarding the treatments, only 5 patients had

no current treatment for SLE. Almost 80% of patients
received hydroxychloroquine and 52% of patients had
synthetic DMARD. Azathioprine was the most commonly
used DMARD, followed by mycophenolate mofetil and
methotrexate. Twelve patients received belimumab. Eight
patients were treated with CYC infusions and 25 patients had
been treated with RTX up to half a year prior to inclusion or
were treated during the study period. There were 96 patients
treated with GC in either an estimated high dose (≥ 10
mg/day, 16%) or low dose (< 10 mg daily, 42%).
The diverse infections in the study population. Seventy-two
patients (44%) had at least 1 infection during the study period
(range: 1–4 infections). Bacterial infections were most
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Figure 2. Opsonophagocytosis of Staphylococcus aureus by neutrophils was downregulated in SLE patients with low complement factors. The GFP-expressing
S. aureus was incubated with 10% serum from SLE patients with normal complement levels and with C3-depleted serum. The C3b deposits were stained and
analyzed by imaging flow cytometry. The C3b–positive bacteria are shown in histogram (A) and in representative micrographs (B; C3b in red and bacteria in
green). Human neutrophils isolated from healthy blood donors were incubated with GFP-expressing S. aureus that was opsonized with 10% normal sera, heat-
inactivated sera, EDTA plasma, and C3-depleted sera. The phagocytosis of S. aureus by neutrophils was analyzed by an imaging flow cytometer. Image Data
Exploration and Analysis Software was used to determine the interaction of the GFP-positive bacteria with neutrophils (not associated, surface bound, or inter-
nalized). (C) Percentages of human neutrophils internalized with GFP-positive S. aureus opsonized with normal sera, heat-inactivated sera, and EDTA plasma
from patients with SLE, and C3-depleted sera or PBS as control. (D) Percentages of human neutrophils internalized with GFP-positive S. aureus opsonized
with sera from healthy individuals (n = 16) and SLE patients with normal (n = 5) and low (n = 8) complement levels. The Mann–Whitney U test was used to
evaluate the statistical significance of the results. (E) Correlation between serum C4 levels and the percentage of neutrophils with internalized S. aureus. (F)
Representative micrographs of neutrophils in association with GFP-expressing S. aureus analyzed by imaging flow cytometry. GFP: green fluorescent protein;
SLE: systemic lupus erythematosus; PBS: phosphate buffered saline; APC: allophycocyanin.
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common and 59 patients had at least 1 bacterial infection; 11
patients at least 1 viral infection, 9 patients at least 1 fungal
infection, and 1 patient have had a parasitic infection. Some

patients had both bacterial and viral/fungal infections
(Supplementary Table 1, available with the online version of
this article). 
    The distribution of different infections is presented in
Table 2. The most common bacterial infection in patients
with SLE was urinary tract infection with 37 identified cases,
followed by skin infections with 10 cases, pneumonia (6
cases), and sepsis (6 cases). Herpes simplex oral and genital
infections were the most common viral infections (7 cases). 
The association of complement factors and infection
incidence. The patients with SLE were divided into 3 groups
according to their blood levels of complement factors
(normal, low, and very low levels). The percentage of SLE
patients with at least 1 infection and the frequency of infec-
tions in patients with SLE were compared among groups
(Supplementary Figure 1, available with the online version
of this article). Patients with low complement levels had a
tendency toward increased incidence of infections; this was
mainly evident for low C3 levels (Supplementary Figure 1A
and 1B). However, the results were not statistically signifi -
cant. There was no difference when bacterial infections were
examined separately. 
Correlation between infection incidence, disease-related
variables, and treatments. Table 3 shows the correlation
between infection incidence and disease-related variables and
treatments. There was a significant correlation between
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Table 1. Demographic and disease-related variables, and treatments of the
165 included patients with SLE.

General information
    Patient age, yrs                                                17–49, median 36 
    Sex, females/males                                         145/20 (87.9/12.1)
    Disease duration, yrs                                         1–35, median 9
    SLICC/ACR 1997 criteria                             165/146 (100/88.5)
Autoantibodies ever
    ANA                                                                     163 (99.0)a
    Anti-dsDNA                                                         140 (84.8)b
    Anti-SSA                                                               74 (44.8)
    Anti-SSB                                                                27 (16.4)
    Anti-Sm                                                                 28 (17.0)
    Anti-RNP                                                               39 (23.6)
    Anti-Ribo P                                                             13 (7.9)
    Anti-C1q                                                                 12 (7.3)
    Cardiolipin antibodies IgG                                    42 (25.5)
    Cardiolipin antibodies IgM                                      5 (3.0)
    β2-GPI IgG                                                            28 (17.0)
    β2-GPI IgM                                                              6 (3.6)
    Lupus anticoagulant                                               26 (15.8)
Organ involvement ever
    Serositis                                                                 54 (32.7)
    Kidney involvement                                              68 (41.2)c 
    CNS involvement                                                   37 (22.4)
    Hemolytic anemia                                                   14 (8.5)
    Leukopenia ever                                                     92 (55.8) 
    Thrombocytopenia ever                                         56 (33.9)
Serum levels of complement factors (July 14–Dec. 15, 2015)
    C3, g/l                                                  Mean 0.76, range 0.104–1.35 g/l
        Normal C3                                                         60 (36.4)
        Low C3                                                              85 (51.5)
        Very low C3                                                       20 (12.1)
    C4, g/l                                                  Mean 0.13, range 0.019–0.93 g/l 
        Normal C4                                                         65 (39.4)
        Low C4                                                              51 (30.9)
        Very low C4                                                       49 (29.7)
        Low C3 and C4                                                  84 (50.9)
        High C3d                                                            71 (43.0) 
Treatment (July 14–Dec. 15, 2015)
    No treatment                                                            5 (3.0)
    Hydroxychloroquine                                             130 (78.8)
    Azathioprine                                                          60 (36.4)
    Mycophenolate mofetil                                          42 (25.5)
    Methotrexate                                                           16 (9.7)
    Tacrolimus                                                               5 (3.0)
    Cyclosporine                                                            6 (3.6)
    Belimumab                                                              12 (7.3)
    Rituximab                                                              25 (15.2)
    Cyclophosphamide                                                  8 (4.8)
    No glucocorticoids                                                 69 (41.8)
    Prednisone < 10 mg/day                                        70 (42.4)
    Prednisone ≥ 10 mg/day                                        26 (15.8)

Data are n (%) unless otherwise indicated. a1 missing data. b 3 missing data.
c 6 patients had kidney transplants. SLE: systemic lupus erythematosus;
SLICC/ACR: Systemic Lupus International Collaborating Clinics/American
College of Rheumatology; ANA: antinuclear antibody; β2-GPI: β2-glyco-
protein I; CNS: central nervous system.

Table 2. Distribution of infections in 165 patients with SLE during a period
of 1.5 years.

Bacterial infections                                                           n = 92
Urinary tract infection                                          37 (9 relapsed)
Skin infections                                                     10 (3 relapsed)
Pneumonia                                                                       6
Sepsis                                                                              6
Tonsillitis                                                                         5
Otitis media                                                                     1
Sinusitis                                                                           2
Unspecified bacterial URI                                     7 (2 relapsed)
Conjunctivitis                                                                  4
Gastroenteritis                                                                4
Bacterial vaginosis                                                          2
Other bacterial infections (psoas abscess/spondylitis, 
epididymitis, uterine infection, otitis externa, 
infection after dental procedures, chlamydia, 
erythema migrans, mycoplasma genitalia).                    8

Viral infections                                                                  n = 13 
Herpes zoster                                                                   4
Herpes simplex oral and genital infections           7 (1 relapsed)
Other viral infections (varicella-zoster virus 
meningitis, verrucae)                                                       2

Fungal infections                                                                n = 9 
Oral candida                                                                    3
Genital fungal infections                                                 4
Skin fungal infections                                                     2

Parasitic infections                                                             n = 1
Entameba histolytica                                                       1

SLE: systemic lupus erythematosus; URI: upper respiratory infection.
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incidence of all infections and anti-dsDNA levels (p < 0.05),
all antirheumatic drugs including GC (p < 0.001), and GC
only (p < 0.01). However, the only correlation between
infection incidence and GC remained significant when the
multiple linear regression analysis was applied. We analyzed
the effect of different doses of GC on infection incidence.
Our data suggest that high dose of GC (equivalent to
prednisone ≥ 10 mg/day) significantly increased the total
infection risk (p = 0.01). 
    The bacterial infections were further analyzed separately.
Significant correlation was also found between bacterial
infections and antirheumatic drugs including GC (p = 0.001),
and GC only (p < 0.001). Interestingly, bacterial infections
were also associated with low C4 levels (p < 0.05) and CYC
and/or RTX (p < 0.05). In a model of multiple linear
regression, the association between bacterial infections and
C4 levels, CYC and/or RTX, as well as high dose of GC,
remained significant. This suggests that GC in high dose
(prednisone ≥ 10 mg/day), low C4 levels, as well as CYC
and/or RTX are independent risk factors for bacterial infec-
tions in patients with SLE. 
    Owing to a low incidence rate of viral, fungal, and
parasitic infections, no detailed analysis was performed. 
Infection risks in patients with SLE. We further analyzed the
infection risks in patients treated with high-dose prednisone
and CYC and/or RTX. Treatment with high-dose prednisone
(≥ 10 mg/day) in patients with SLE almost triples the risk for
all infections (OR 2.88, CI 1.20–6.93) and especially for
bacterial infections (OR 3.57, CI 1.49–8.51). Also, treatment
with CYC and/or RTX doubles the risk for bacterial infection
(OR 2.26, CI 1.05–4.98). 

DISCUSSION
In our present study, we have provided the experimental data

suggesting that low serum levels of complement factors in
patients with SLE lead to impaired opsonophagocytosis of
bacteria in vitro. 
    Downregulated neutrophil functions have been shown in
mouse models for SLE and also in patients with SLE. In
MRL/lpr mice with SLE-like disease, neutrophils exhibit
defect in Fc receptor–mediated phagocytosis and reduced
migration capacity toward infection sites, a process mediated
by the complex of IgG and active transforming growth factor
(TGF)-β in blood25,26,27. In line with the animal data,
neutrophils from patients with SLE have impaired phagocytic
ability and diminished chemotaxis upon interleukin 8 stimu-
lation compared with healthy controls9,10. In addition, the
production of reactive oxygen species in neutrophils is lower
in patients with SLE, a condition associated with organ
damage in patients with SLE11. Because the neutrophils were
isolated from healthy blood donors and bacteria were
opsonized with sera from patients with SLE, the downregu-
lated opsonophagocytic capacity that we observed can
therefore be explained only by the serum factors in patients
with SLE. We speculate that a more pronounced effect might
be seen if the autologous neutrophils were used. 
    Most likely, the downregulation of opsonophagocytosis is
due to lower complement factors in patients with SLE.
Activation of complement is known to be mediated through
3 different pathways: classical, lectin, and alternative, all of
which share the common step of activating the central
complement component C3, which generates bacter -
ium-bound opsonin C3b and anaphylatoxin C3a. In our
current study, bacterial opsonization was weaker in the sera
obtained from SLE patients with low complement levels
compared with sera from healthy individuals and sera from
SLE patients with normal complement levels. Not surpris-
ingly, weaker opsonization resulted in downregulated phago-
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Table 3. The association between infections and disease-related variables and treatments.

Variables              All Infections, n = 115 Bacterial Infections, n = 92
                                                             p                              r                                  p                                       r

Age                                                      ns                                                                ns                                       
Disease duration                                  ns                                                                ns                                       
Kidney involvement ever                    ns                                                                ns                                       
CNS/PNS involvement ever                ns                                                                ns                                       
C3 mean estimated                              ns                                                                ns                                       
C4 mean estimated                              ns                                                             < 0.05                               –0.16
Anti-dsDNA levels                           < 0.05                       0.19                               ns                                       
Leukopenia                                          ns                                                                ns                                       
Antirheumatic drugs, incl. 

glucocorticoids                            < 0.001                      0.20                            0.001                                0.20
Glucocorticoids                               < 0.01                       0.19                          < 0.001                               0.24

High dose (≥ 10 mg/day)                0.01                         0.24                           < 0.01                               0.28
Low dose (< 10 mg/day)                  ns                                                                ns                                       

CYC and/or RTX                                 ns                                                             < 0.05                                0.22

Significant data are in bold face. Pearson’s test was used to calculate the correlation coefficients for continuous
and multicategorical variables. The chi-squared test was used for dummy variables. CNS: central nervous system;
PNS: peripheral nervous system; CYC: cyclophosphamide; RTX: rituximab; ns: not significant.
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cytosis of S. aureus by neutrophils in vitro. The positive
correlation between the opsonophagocytic capacity of
neutrophils and the serum levels of complement factors
further strengthens the above-mentioned theory. Interestingly,
C3a, liberated in the course of complement activation, was
shown to exhibit antimicrobial activity28,29. Direct anti -
microbial activity of C3a might also enhance host innate
defense against invading pathogens. 
    Our in vitro data suggest that patients with low levels of
complement factors might have an increased susceptibility
to infections as a result of diminished opsonization and
decreased antimicrobial activity. However, the only signifi -
cant correlation was found between C4 levels and the
bacterial infection frequency in our cohort. There are 2
possible explanations for the discrepancy between in vitro
finding and our retrospective patient data: (1) in vitro
ImageStream analysis method that combines the phenotyping
abilities of flow cytometry with the detailed images from
microscopy is a sensitive method able to detect the differ-
ences that may not be clinically relevant in vivo; and (2) the
sample size of our cohort is relatively small and the statistical
power is probably too weak to reach the statistical signifi-
cance. The latter explanation might be more rational, because
low levels of complement factors have been shown in several
reports as independent risk factors for the development of
severe infections and acquiring drug-resistant bacteria in
patients with SLE3,7,13.
    There are some other serum factors including anticardio -
lipin antibodies (aCL) and TGF-β1 in patients with SLE
exhibiting the inhibitory effect on neutrophils. It has been
shown that aCL in higher concentration inhibits the
neutrophil phagocytosis through suppression of C3b/C4b and
Fc receptors on the neutrophil surface30. Thus, there might
be even higher infection risk for SLE patients with secondary
antiphospholipid syndrome, who might have both low
complement factor levels and high levels of aCL. Indeed, this
situation is not rare, because complement activation and
consumption are common in patients with antiphospholipid
syndrome31. The complex formation of IgG and TGF-β1 was
shown to be potent for suppression of neutrophil function and
host defense against bacterial infection25. Our data, however,
demonstrated that serum levels of both total and active
TGF-β1 are downregulated in patients with SLE32, being
opposed to the hypothesis that TGF-β1 might be another
serum factor inhibiting neutrophil functions. It has been
shown that cryoglobulin fraction of immune complexes in
SLE sera might also affect the opsonization by binding to the
protein A on the staphylococcal cell wall33. Also, there is a
considerable variation in the levels of antistaphylococcal
antibodies in different individuals, which could affect
opsonization34,35. 
    A systematic literature review suggests that there is no
evidence of a significant association between overall
reduction of white blood cells and infection occurrence,

whereas lymphopenia/neutropenia might be associated with
the risk of major infections36. Our data provide other
supporting evidence for this conclusion: we found no associ-
ation between infections and leukopenia in our patient cohort.
High-dose prednisone and CYC are well-recognized risk
factors for infections3,4,5,6. The first 6 months after RTX
treatment and use of more than 3 courses were also shown to
be associated with increased susceptibility for infections4,
while antimalarial treatment has a protective effect against
major infections37. In our present study, high-dose prednisone
was the most stable predictive factor for infections. Our data
strongly suggest that to reduce the infection incidence in
SLE, it is advisable to keep the prednisone dose as low as
possible in chronic treatment. 
    Our study demonstrates for the first time, to our
knowledge, that low complement levels in the blood of
patients with SLE lead to downregulated phagocytosis of
bacteria by healthy neutrophils in vitro. In line with previous
reports, high-dose GC (prednisone ≥ 10 mg/day) significantly
increase the infection risk in patients with SLE.

ONLINE SUPPLEMENT
Supplementary material accompanies the online version of this article.
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