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Abstract

To investigate the clinical characteristics of infection in SLE patients and analyze the risk factors of infection. A retrospective
analysis method was used and the data were collected from 173 case times of 142 hospitalized patients. We found the incidence
rate of infections in SLE was 50.7%. The most common infection sites were lungs, followed by upper respiratory tracts and
urinary tracts. The most common pathogens were bacteria, followed by fungi. The infection-associated risk factors were duration
of hospitalization, lupus activity state, the use of high-dose corticosteroids and immunosuppressive agents, the low serum level of
complements 3 and 4 (C3 and C4), fever, the high level of erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), the
abnormality of white blood cell (<4 x 10°/L or > 10 x 109/L), and the low level of albumin (P<0.05 or P<0.001). The
independent risk factors for SLE patients with infection consist of the abnormality of white blood cells, the high level of CRP,
the low serum level of C4, and longtime hospitalization. Attention should be paid to the risk factors of infection, and treatment to

enhance immunity should be carried out to reduce the chance of infection.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disease with multiple organs and system involvement.
Immune system disorder, T cell and B cell dysfunction, and
the use of corticosteroids and immunosuppressive agents re-
sult in low immunity and prone to infection in SLE patients.
At the same time, infection can also aggravate the activity of
SLE, and infection is a common problem and has become one
of leading causes of mortality in SLE patients [1, 2].
According to one study, almost 79% of SLE patients had
serious infections even though they took glucocorticoids and
other immunosuppressive agents sparingly. Infections docu-
mented in this study were usually associated with disease
exacerbations [3]. In a population-based study, a significant
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increase in bacterial infections was observed in SLE patients
as compared to an age- and gender-matched cohort of normal
controls [4]. Many immune abnormalities in SLE, including
complement deficiency [5-7], defects in chemotaxis [8], and
phagocytic activity [9, 10], may account for the susceptibility
of infection.

However, clinical characteristics and risk factors of infec-
tion in SLE patients vary significantly among different coun-
tries. There were few data about the clinical characteristics of
infection in SLE patients in China. In this retrospective study,
we focused on the clinical characteristics and risk factors of
infections in patients with SLE, in order to find the types of
infection, to discover the spectrum of infectious agents and
predisposing risk factors, and finally to help SLE patients
reduce the risks of infection.

Patients and methods
Patients
We conducted a retrospective analysis about the clinical char-

acteristics of 142 SLE patients (173 cases times) hospitalized
in 3rd Hospital of Sun Yat-sen University, from January 2015
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to December 2016. There were 87 cases of infections which
happened to 72 SLE patients (male:female was 1:8).

Inclusion and exclusion criteria were as follows: (1) All
patients met the 2012 American College of Rheumatology
SLE diagnostic criteria [3]; (2) all patients had complete clin-
ical data and laboratory test results; by pathogen examination,
(3) biochemical tests or imaging results of clinical empiric
treatment effective methods were used to judge whether SLE
patients had infection; (4) exclude the patients who were
younger than 16 years; (5) the selected patients had no other
disturbing other diseases, such as cancer.

We used body fluid (blood, urine, cerebrospinal fluid, spu-
tum, pleural effusion, and skin secretions, etc.) examination
and culture, combined with clinical symptoms, laboratory
tests, imaging findings, and empirical anti-infective therapy
to analyze pathogens comprehensively.

Methods
Clinical indicators

SLE disease duration: the time from patients firstly diagnosed
as SLE to this time they were hospitalized. Fever: axillary
temperature exceeds 37.5 °C. The use of high-dose corticoste-
roids: intravenous methylprednisolone > 60 mg per day.

Specific research methods

Analyze the 173 cases of SLE patients’ treatment of data and
summarize the site of infection and the type of infection path-
ogens of the 87 cases of SLE patients with infection. The 173
cases of hospitalization were divided into infection group and
non-infection group; univariate logistic regression analyses
were used to analyze gender, age, hospital time, hospital sea-
sons, systemic lupus erythematosus disease activity index
(SLEDALI), SLE disease duration, high-dose corticosteroids
(> 60 mg), the number of white blood cells (WBC) (4-10 x
10°/L), complement C3 (0.08-1.6 g/L), C4 (0.1-0.4 g/L), the
use of immunosuppressive agents, erythrocyte sedimentation
rate (ESR) (0-20 mm/h), C-reactive protein (CRP) (0—6 mg/
L), albumin (36-51 g/L), and whether fever or not is the risk
factors of infection, and then get out of the risk factors; then,
multivariate logistic regression analyses were used to find out
the independent risk factors for infection in SLE patients.

Statistical analysis

The software of SPSS version 17.0 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Count data were de-
noted by percentage or ratio. Continuous variables were
expressed as mean = standard deviation (~ x £s). Chi-square
test was used for qualitative data analysis. Risk factors were
analyzed by two classification logistic regression analysis
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(first by univariate logistic regression analysis to identify var-
iables, there are significant differences, then these variables
into a multivariate logistic regression analysis) and calculated
the odds ratio (OR) and 95% confidence interval (95%CI).
Differences were considered statistically significant when P
was less than 0.05 (P < 0.05).

Results
Characteristics of patients

A total of 142 SLE patients (173 case times) were recruited in
this study. The demographic and clinical characteristics, in-
cluding gender, age, and SLE duration, did not differ between
the SLE patients with and without infection. All information
about the variables compared between the two groups of pa-
tients were shown in Table 1.

Infection rate and distribution site

Seventy-two patients experienced 87 cases of infections (2
cases of infection in 7 patients, 3 cases of infection in 2
patients, 5 cases of infection in 1 patient) among the 142
SLE patients (a total of 173 cases of hospitalization times).
Infection rate was 50.7%; the proportion of the total number
of infection cases was 50.3%. In addition, 35.63% of infec-
tions occurred in the patients whose disease duration was
less than half year; secondly, the disease duration was
6 months to 1 year. The main infection sites were located
in the lungs, upper respiratory tracts, urinary tracts, skins,
intestines, lungs combined with urinary tracts, and lungs
combined with skins (Table 2). Ten cases of infection be-
longing to hospital acquired infection; the hospital infection
occurrence rate was 5.78%.

Classifications of pathogens

We analyzed the classifications of pathogens in 87 cases with
infection. As a result, we found the most common pathogen
was bacteria (74.71%), followed by fungi (11.49%), bacteria
combined with fungi (6.9%), bacteria with virus (4.60%), and
virus (2.30%). More than half of pathogen culture results in
patients with a bacterial infection were negative, and the most
common fungal infection was Candida albicans (Table 3).

Schemes, time, and endings of anti-infection
treatment

Our study found that 59.8% of the SLE patients with infection
used one kind of antibiotics (cephalosporins or quinolones)
for anti-infection treatment, followed by 16.1% of patients
with a variety of antibiotics in combination with anti-fungal
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Table 1 Demographic data and

clinical characteristics of SLE Clinical parameters Infected (n=87) Non-infected (n = 86) P value

patients (n=173)
Age (years) 36.29+15.80 35.12+15.50 0.76
Female, n (%) 77 (88.50%) 75 (87.21%) 0.79
Disease duration (years) 3.13+4.16 2.96+4.29 0.47
SLEDAI 8.99+5.17 6.69+4.20 0.09
Hospitalization time (day) 16.2+10.86 8.76 £4.67 0.00*
WBC (10~/L) 6.97+5.15 6.17+2.62 0.00*
ESR (mm/H) 56.36+37.31 33.26+£27.52 0.00*
CRP (mg/L) 21.96 +40.66 6.52+15.07 0.00*
C3 (g/L) 0.67+0.36 0.75+£0.29 0.05
C4 (g/L) 0.18+0.16 0.18+0.10 0.04*
Albumin (g/L) 32.80+5.90 35.45+6.41 0.33
Fever, n (%) 39 (44.83%) 24 (27.91%) 0.02*
High-dose corticosteroids, n (%) 60 (68.97%) 75 (87.21%) 0.00%*

Data are reported as means = SD or number and percentage; Mann-Whitney U or ¢ test

SLE, systemic lupus erythematosus; SLEDAI, systemic lupus erythematosus disease activity index; C3, comple-
ment 3; C4, complement 4; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white blood cells

*Difference was statistically significant

treatment, then 9.1% of patients with two or more antibiotics.
Three patients did not use any anti-infective drugs during hos-
pitalization because of the mild condition; others are that
single-use anti-fungal, anti-viral, anti-TB treatment (Table
4). Most patients used anti-infection drugs for 1-2 weeks,
followed by 1 week, few patients for more than 3 weeks.
The infections in most patients (92.0%) were controlled after
anti-infection treatment. For other patients, group with uncon-
trolled infection, two patients died, two patients diagnosed
with tuberculosis and return to chest hospital for treatment,
three patients lost consciousness, and their families gave up
treatment.

Analysis of risk factors for infection

By univariate logistic regression analysis, we found that long-
time hospitalization, high SLEDAI score, the use of high-dose

Table 2  Infection site distributions and ratio (%) in SLE patients with
infection

Infection sites Cases Ratio (%)
Lung 58 66.67
Upper respiratory tract 11 12.64
Urinary tract 6 6.90
Skin 5 5.74
Intestine 4 4.60
Lung combined with urinary tract 2 2.30
Lung combined with skin 1 1.15
Total 87 100.00

corticosteroids (methylprednisolone > 60 mg), the use of im-
munosuppressive agents, the low serum level of complements
3 and 4 (C3 and C4), fever, the high level of ESR and CRP, the
abnormality of WBC (<4 x 10°/L or > 10 x 10°/L, including
leukopenia and leukocytosis), and the low level of albumin
were all risk factors for infection (as seen in Table 5). All the
above differences were statistically significant (P < 0.05 or P

Table3  Classifications of pathogens and ratio (%) in SLE patients with
infection
Pathogens Cases Ratio (%)
Bacteria 65 74.71
Gram-positive bacteria 5 5.75
Gram-negative bacteria 3 345
Gram-positive bacteria combined 5 5.75
with Gram-negative bacteria
Mycobacterium tuberculosis 2 2.30
Mycoplasma pneumoniae 1 1.15
Other bacteria 49 56.31
Fungi 10 11.49
Candida albicans 3 345
Aspergillus 1 1.15
Other fungus 6 6.90
Bacterial combined with fungi 6 6.90
Bacterial combined with virus 4 4.60
Virus 2 2.30
Herpes virus 2 2.30
Other virus 0 0.00
Total 87 100.00
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Table 4  Schemes and ratio (%) of anti-infection treatment

Scheme Cases Ratio (%)
Cephalosporins 24 27.6
Quinolones 28 322
Two kinds of antibiotics 7 8.0
Three kinds of antibiotics 1 1.1
Antibiotics combined with antifungal 14 16.1
Anti-fungal 6 6.9
Anti-viral 2 2.3
Anti-TB 2 2.3
Without anti-infection 3 34
Total 87 100.00

<0.001). In addition, gender, age, hospitalization season, and
SLE disease duration were not correlated with infection. We
then analyzed these above risk factors by multivariate logistic
regression analysis. As a result, we found the abnormality of
WBC, the high level of CRP, the low serum level of C4, and
longtime hospitalization were independent risk factors for
SLE patients with infection (as seen in Table 6). When the
hospitalization time exceed for more than 14 days, the risk
rate of SLE patients with infection was 5.052 times more than
that of patients with the hospitalization time within 14 days,
then followed by the abnormality of WBC, the high level of
CRP, and the low serum level of C4 (shown in Table 6).
Finally, we analyzed the correlation between the use of

different kinds of immunosuppressive agents and infection,
and we found there were significant differences between dif-
ferent kinds of immunosuppressive agents in SLE patients
with infection (P =0.012, shown in Table 7). Then, we made
comparison between groups, and we found using mycophe-
nolic acid (MMF) and cyclophosphamide (CTX) was signifi-
cantly correlated with infection (P = 0.005). What’s more, pa-
tients with CTX were more likely to develop infection than
those with MMF (shown in Table 8). We tried to perform
ROC curve analysis, using CRP, WBC, C4 levels, and hospi-
talization time to predict whether or not there is infection. As
shown in Fig. 1, we found CRP (AUC =0.675) and hospital-
ization time (AUC = 0.786) may predict whether or not there
is infection (P < 0.000); however, WBC and C4 levels could
not predict whether or not there is infection (P> 0.05).

Discussion

Systemic lupus erythematosus (SLE) is a chronic auto-
immune disease with varied organ involvement. Infection re-
mains an important cause of mortality and morbidity in pa-
tients with SLE. In the Euro Lupus cohort, 36% of patients
presented infections during follow-up, and almost 30% of
deaths were related to infections in the first 5 years of
follow-up [10]. Infections were also one of the leading causes
of hospitalization in SLE patients [11, 12].

In this study, we observed the clinical characteristics of
infection in SLE patients and analyzed the risk factors of

Table 5 Univariate logistic

regression analysis of risk factors Variable B SE Wald P OR (95%CI)

in SLE patients with infection
Gender (female) 0.122 0.466 0.068 0.794 1.129 (0.453, 2.815)
Hospitalization season 7.685 0.053
Hospitalization time (> 14) 1.758 0.388 20.540 <0.001* 5.803 (2.713, 12.413)
Age (=245) —-0.237 0.356 0.443 0.506 0.789 (0.393, 1.585)
SLEDAI (>4) 0.735 0.338 4.737 0.03* 2.086 (1.076, 4.044)
Disease duration (<1 year) 0.351 0.308 1.297 0.255 1.420 (0.777, 2.598)
High-dose corticosteroids (> 60 mg) 1.121 0.397 7.957 0.005%* 3.068 (1.408, 6.686)
Immunosuppressive agents 0.919 0.312 8.659 0.003* 2.507 (1.359, 4.624)
Fever (>37.5) 0.741 0.323 5.272 0.022%* 2.099 (1.115, 3.952)
Low C3 0.752 0.317 5.641 0.018%* 2.121 (1.140, 3.945)
Low C4 0.783 0.358 4.768 0.029 2.187 (1.083, 4.417)
High ESR 1.041 0.338 9.474 0.002%* 2.833 (1.460, 5.499)
High CRP 1.470  0.345 18.103 <0.001* 4.349 (2.210, 8.559)
Low albumin 1.026 0.316 10.521 0.001* 2.791 (1.501, 5.188)
WBC abnormality 0.939 0.325 8.361 0.004* 2.557 (1.353, 4.830)

SLEDAI, systemic lupus erythematosus disease activity index; C3, complement 3; C4, complement 4; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white blood cells; B, regression coefficient; SE,
standard error; Wald, X2 ; OR, odds ratio; CI, confidence interval

*Difference was statistically significant
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Table 6 Multivariate logistic

regression analysis of risk factors Variable B SE Wald P OR (95%CI)

in SLE patients with infection
Constant —-3.197 0.588 29.537 <0.001* 0.041
WBC abnormality 0.747 0.367 4.138 0.042°%* 2.111 (1.028, 4.337)
High CRP 1.429 0.383 13.930 <0.001* 4.173 (1.971, 8.835)
Low C4 0.835 0.412 4.105 0.043* 2.304 (1.028, 5.166)
Hospitalization time (> 14) 1.620 0.413 15.401 <0.001* 5.052 (2.250, 11.346)

WBC, white blood cells; CRP, C-reactive protein; C4, complement 4; B, regression coefficient; SE, standard error;
Wald, X2 ; OR, odds ratio; CI, confidence interval

*Difference was statistically significant

infection. We found almost one half of patients with SLE
developed infection before or during their hospitalization.
The prevalence observed in our study was higher than that
in Korea, Canada, and Britain [13—15]. The increased preva-
lence of infection in our SLE patients might reflect the poor
living and public health conditions as well as abuse of antibi-
otics in developing countries.

Several clinical characteristics in SLE patients with in-
fection were noted in this study. Firstly, infection occurred
early, and 60.92% of the infections occurred in the course
of less than 1 year. Secondly, infection site distributions in
SLE patients were wide, and the most common infection
sites were the lungs, followed by upper respiratory tracts
and urinary tracts, which was consistent with the discover-
ies of other researchers [ 15—19]. Thirdly, the most common
pathogens were bacteria, followed by fungi, which was
similar to other studies [16, 19, 20]. However, most bacte-
rial culture results were negative, and empirical anti-
infective therapy was usually effective. Therefore, for
SLE patients with infection, empirical antibiotic therapy
should be decided as soon as possible, even should be used
before the pathogen test results came out, which may avoid
further aggravation of infection. Fourthly, the infection rate
of mycobacterium tuberculosis (TB) was 2.3%, which was
lower than the 12% reported from South Africa [1], the
14% reported from Spain [21], the 8.3% reported in
Korea [15], and the 3.5% reported in Mexico [22].

Fifthly, our study found that more than one half of the
SLE patients with infection used one kind of antibiotics
(cephalosporins or quinolones) for anti-infection treatment.
In additional, most patients used anti-infection drugs for 1—
2 weeks, and the infection in most patients (92.0%) were
controlled after anti-infection treatment.

By univariate logistic regression analysis, we found that
longtime hospitalization, high SLEDALI score, the use of
high-dose corticosteroids (methylprednisolone > 60 mg),
the use of immunosuppressive agents, the low serum level
of complements 3 and 4 (C3 and C4), fever, the high level of
ESR and CRP, the abnormality of WBC, and the low level of
albumin were all risk factors for infection. Longtime hospi-
talization not only means relatively difficult to control the
disease, but also prefers to increase the probability of infec-
tion, especially the probability of nosocomial infection.
High SLEDALI score, the low serum level of complements,
leukopenia and albumin, the use of high-dose corticoste-
roids, and immunosuppressive agents will weaken the im-
mune system of patients and reduce the patient’s immunity
and increase the chances of infection. However, the pa-
tient’s gender, age, hospitalization season, and SLE disease
duration were not associated with infection. All the above
results were similar to the previous reports [2, 3, 16, 19]. By
multivariate logistic regression analysis, we found the ab-
normality of WBC, the high level of CRP, the low serum
level of C4, and longtime hospitalization were independent

Table 7 Use of

immunosuppressive agents and Immunosuppressive agents Total cases Cases with infection Ratio (%)

ratio (%) in SLE patients with

infection CTX 17 14 82.35
MMF 36 15 41.67
MTX 23 17 7391
AZA 7 5 71.43
Total 83 51 61.45

Chi-square test results among the four groups immunosuppressant: x> = 10.520, P=0.012 (<0.05), and the

difference was statistically significant

CTX, cyclophosphamide; MMF, mycophenolic acid; MTX, methotrexate; AZA, azathioprine
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Table8  Analysis of different immunosuppressive agents with infection
by comparison between groups

Immunosuppressive 1 Immunosuppressive 2 i P
CTX MMF 7.715 0.005%*
CTX MTX 0.062 0.803
CTX AZA 0.002 0.963
MMF MTX 5.879 0.015%
MMF AZA 1.062 0.303
MTX AZA 0.000 1.000

Bonferroni method was used between two groups

*Difference was statistically significant

risk factors for SLE patients with infection. When the above
factors happen, they also remind us attentions should be
paid to the presence of infection. Moreover, we found that
use of MMF and CTX was significantly correlated. What’s
more, patients with CTX were more likely to occur infection
than those with MMF, which was consistent with the previ-
ous discoveries of other researchers [20, 23]. Therefore, the
patients who use CTX for treatment should be focused on
whether they have infection occurred.

ROC Curve
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Fig. 1 ROC curve analysis. CRP (AUC = 0.675) and hospitalization time
(AUC =0.786) may predict whether or not there is infection (P < 0.000);
however, WBC and C4 levels could not predict whether or not there is
infection (P> 0.05)
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Conclusions

In conclusion, we investigated the clinical characteristics of
infection in SLE patients and analyzed the risk factors of in-
fection. There are some notable features of infection in
Chinese patients with SLE, including more infections oc-
curred to SLE patients whose disease duration < 1 year, higher
proportion of respiratory tract involvement, and bacteria as the
most common pathogen, and 1-2 weeks’ empirical anti-
infection was effective. The independent risk factors for SLE
patients with infection consist of the abnormality of WBC (<
4% 10%/L or > 10 x 10°/L, including leukopenia and leukocy-
tosis), the high level of CRP, the low serum level of C4, and
longtime hospitalization. Therefore, attention should be paid
to the risk factors of infection, and treatment to enhance im-
munity should be carried out to reduce the chance of infection.

Compliance with ethical standards
Disclosures None.

Abbreviations SLE, Systemic lupus erythematosus; ESR, Erythrocyte
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CTX, Cyclophosphamide; SLEDAI, Systemic lupus erythematosus dis-
ease activity index
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