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Among autoimmune diseases, systemic lupus erythematosus (SLE) patients have a

unique predisposition to develop infections, which represents one of their main causes

of morbidity and mortality. Many infections occur at disease diagnosis in the absence

of immunosuppressive therapy, suggesting that the immunological abnormalities in SLE

patients might be fundamental for the development of this complication. The aim of this

study was to address the main clinical and immunological features associated with the

development of infection and to create and validate a compound clinical-immunological

infection predictive index in a cohort of SLE patients. We included 55 SLE patients

with <5 years since diagnosis. The clinical and immunological features were evaluated

periodically and patients were followed-up during 1 year, searching for the development

of infection. Immunophenotyping was performed by multiparametric flow cytometry and

neutrophil extracellular traps (NETs) were assessed by confocal microscopy. Eighteen

patients (32.7%) presented 19 infectious events, 5 (26.3%) were severe. For the

construction of the index, we performed a logistic regression analysis and the cutoff

points were determined with ROC curves. Increased numbers of peripheral Th17 cells,

B cell lymphopenia, and lower TLR2 expression in monocytes, as well as the use

of cyclophosphamide were the major risk factors for the development of infection

and thus were included in the index. Besides, patients that developed infection were

characterized by increased numbers of low-density granulocytes (LDGs) and higher

expression of LL-37 in NETs upon infection. Finally, we validated the index retrospectively
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in a nested case-control study. A score >1.5 points was able to predict infection in the

following year (AUC = 0.97; LR– = 0.001, specificity 100%, P = 0.0003). Our index

encompasses novel immunological features able to prospectively predict the risk of

infection in SLE patients.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is the prototypic
multi-organic autoimmune disease, and it implies high
morbidity and early death in young and productive people
(1). The immunopathology of SLE encompasses multiple
innate and adaptive immunologic alterations, including
hypocomplementemia, higher levels of TNF-α, IL-4, IL-6,
IL-10, as well as type I and II interferons, with a consequent
skewing toward a Th17 response, persistent B-cell activation
with sustained auto-antibody secretion and a deficient regulatory
T cell profile (2).

Patients with SLE also have higher amounts of low-density
granulocytes (LDGs), which infiltrate tissues, secrete pro-
inflammatory cytokines and spontaneously produce neutrophil
extracellular traps (NETs) (3). Aside from the role of NETosis in
the SLE pathogenesis, the NETs are an innate defense mechanism
since they contain antimicrobial proteins including LL-37 (3).

Moreover, previous studies have shown that patients with SLE
have expansion of the pro-inflammatory intermediate monocytes
in peripheral blood (4). Toll-like receptor 2 (TLR2) is one of the
mainly expressed pattern recognition receptor in monocytes, has
diverse ligands (5), and it is pivotal in the SLE pathophysiology
since it promotes an interferogenic response and has been shown
to augment disease activity in an animal model of SLE through
the recognition of the bacterial curli (5).

Infections are one of the main causes of hospital admissions in
patients with SLE (6), and they represent one of the three major
causes of death, along with renal and cardiovascular diseases (7).
In patients with SLE, infections are traditionally considered a
complication of immunosuppressive therapy, as was confirmed
in a recent retrospective cohort study (8) and therefore, most
of the infection prophylactic measures in SLE are directed at
patients using immunosuppressive therapy (9). Nevertheless,
25.9% of severe infections in patients with SLE occur at diagnosis
in the absence of immunosuppressive therapy (10) and previous
studies have described disease activity and number of flares as
independent risk factors for infections (11), which suggests an
inherent infection predisposition that may be dependent upon
the immunologic abnormalities that characterize the disease (2).

Currently, there is not an available tool to identify SLE
patients at high risk of infection, regardless of steroid treatment
in the routine clinical scenario. Thus, the development of
an infection prediction index that includes the clinical and
immunological features of SLE patients is crucial to identify a
group at higher risk to develop this complication. The aim of
this study was to prospectively create and validate a compound
clinical-immunological index that was useful to predict the

development of infections in SLE patients in the following
year.

METHODS

Construction of a Cohort of SLE Patients
From 2015 to 2017, we performed a prospective cohort
study in which we recruited 65 consecutive Hispanic adult
patients with classified SLE using the American College
of Rheumatology (ACR) (12) and/or the Systemic Lupus
International Collaborating Clinics (SLICC) criteria (13) with
<5 years since the diagnosis who were followed-up in a
tertiary care center in Mexico City. Patients with active
infection at the time of recruitment, overlap syndromes (except
antiphospholipid syndrome), chronic viral infections, cancer,
primary immunodeficiencies, pregnancy, puerperium, end-stage
renal disease, and late onset SLE were excluded because of
the inherent immunologic alterations in these subjects (14, 15).
The study was approved by our institutional Ethics committee
in compliance with the Helsinki declaration and all subjects
provided their informed consent prior to inclusion. Nine patients
were eliminated and one died of catastrophic antiphospholipid
syndrome and severe infections immediately after recruitment
(Figure 1).

To create an index that was able to predict the development
of infection in the following year, 55 patients were followed
up during 12 months, looking for the primary outcome that

FIGURE 1 | Flowchart of patient enrollment, follow-up, and analysis.
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was the development of infection, defined as the presence
of characteristic clinical features with response to antibiotic
or antiviral treatment, regardless of microbiological isolation.
Severe infections were defined as those requiring hospital
admission for at least 72 h, intravenous antibiotic treatment or
causing death (6, 10). Patients were evaluated at the following
time points: baseline, after 1, 3, 6 months and at the time of
infection. During all the visits, we registered the laboratory data
(including complement levels measured by nephelometry, anti-
double stranded DNA (dsDNA) and anti-nucleosome antibodies
assessed by ELISA), the type and dose of immunosuppressive
therapy and disease activity with the Safety of Estrogens
in Lupus National Assessment-Systemic Lupus Erythematosus
Disease Activity Index, (SELENA/SLEDAI) (16) and British
Isles Lupus Assessment Group (BILAG 2004) (17) scales. At
baseline and during infection, we measured anti-Ro/La and anti-
Sm antibodies by ELISA. Unless the patient had the previous
diagnosis of anti-phospholipid syndrome, we assessed anti-
phospholipid antibodies by ELISA and lupus anticoagulant with
diluted Russell viper venom time in two occasions, 12 weeks
apart.

Determination of the Immunologic
Parameters of SLE Patients
At baseline, in the 3 and 6 months visits and during infection we
evaluated the following immunological features of patients with
SLE:

Immunophenotyping by Multiparametric Flow

Cytometry
Peripheral blood mononuclear cells (PBMCs) were isolated
by density gradients after centrifugation with Lymphoprep
(Stemcell Technologies, Vancouver, Canada). PBMCs were
re-suspended in RPMI with phenol red (Thermo Fisher
scientific), washed twice with 5% FBS (fetal bovine serum)
in PBS and stained with the following fluorescent labeled-
antibodies: CD3, CD8, CD4, CD25, CD127, CD14, CD16,
CD10, CD15, CD282 (TLR2), CD56, CD335 (NKp46) (BD-
Biosciences, Franklin Lakes, New Jersey, USA). The peripheral
cell subsets were defined as following: CD8T cells (CD3+,
CD8+), CD4T cells (CD3+, CD4+), B cells (CD3−, CD19+),
NK cells [CD3−, CD335+ (NKp46), CD56+], regulatory T
cells (CD4+, CD25hi CD127lo/−), LDG (CD10+, CD14−,
CD15+), classical monocytes (CD14+, CD16−), intermediate
monocytes (CD14hi, CD16+) and non-classical monocytes
(CD14lo, CD16+). Additionally, we measured the percentage of
total and intermediate monocytes that were positive for TLR2
and its expression in those cell populations by mean fluorescence
intensity (MFI) using the appropriate mouse IgG kappa-BV421
isotype control (BD-Biosciences, Franklin Lakes, New Jersey,
USA).

To assess the percentage of T helper (Th) subsets, PBMCs
were stimulated with PMA (phorbol myristate acetate; 50 ng/mL)
and ionomycin (1µg/mL) and treated with monensin during 5 h.
The cells were washed twice with 5% FBS in PBS and stained
with anti-CD4 (BD-Biosciences, Franklin Lakes, New Jersey,
USA). After fixation and permeabilization at 4◦C, we stained

for intracytoplasmic IFN-γ, IL-4, and IL-17 (BD-Biosciences,
Franklin Lakes, New Jersey, USA). All samples were acquired
in an LSR FORTESSA flow cytometer (BD-Biosciences, Franklin
Lakes, New Jersey, USA) and analyzed with the software Flow-
jo V10 (Flow-jo LLC). The absolute number of every cellular
subset was calculated taking into account the total number of
lymphocytes (CD8, CD4, NK, B cells), monocytes (classical,
intermediate, non-classical and TLR2-positive monocytes), and
leukocytes (LDGs) of a complete blood cell count taken at the
time of the blood draw.

Induction and Quantification of NETs and LL-37
After density gradients, conventional neutrophils were isolated
with dextran sedimentation. We quantified the spontaneous
NET formation (without stimuli) and LPS-induced NETosis
with 1µg/mL E. coli O111:B4 LPS (Sigma Aldrich, St. Louis
Missouri, USA) by fluorescence spectrometry and indirect
immunofluorescence. Briefly, neutrophils were incubated in
RPMI without phenol red (Thermo Fisher scientific), 1%
FBS, and 1% 10mM HEPES at 37◦C during 1.5 h in dark
96 wells plates with 0.2µM SYTOX green (Thermo Fisher
Scientific, Waltham, Massachusetts USA). The experiments
were repeated by quadruplicate for the spontaneous and LPS-
induced NETosis and measured with a Biotek Sinergy HT
Spectrofluorometer (Biotek, Winooski, VA, USA). Additionally,
spontaneous and LPS-induced NETosis was quantified by
confocal microscopy. Conventional neutrophils were seeded
in 0.01% poly-L-Lysine (Sigma-Aldrich, Germany) coated
coverslips at 37◦C during 1.5 h. Cells were fixed with 4%
paraformaldehyde (Santa Cruz Biotechnology, USA) at 4◦C
during 24 h. After blocking with 0.02% gelatin from porcine skin,
we performed indirect immunofluorescence using the following
primary antibodies: rabbit anti-human neutrophil elastase 1: 500
(Abcam, Cambridge, United Kingdom) and mouse anti-human
LL-37 1: 500 (Santa Cruz Biotechnology, Dallas, Texas, USA)
(18). The following secondary antibodies were used: Donkey
anti-rabbit Alexa Fluor 555 1: 500 (Thermo Fisher, Waltham,
Massachusetts, USA) and donkey anti-mouse DyLight 488 1: 250
(Thermo Fisher, Waltham, Massachusetts, USA). The primary
and secondary antibodies were diluted in 0.02% gelatin from
porcine skin. Chromatin was stained with 1: 1,000 Hoechst 33342
(Thermo Fisher, Waltham, Massachusetts, USA) and coverslips
weremounted on slides with ProLong R© GoldAntifadeMountant
(Thermo Fisher, Waltham, Massachusetts, USA). The samples
were acquired in an Eclipse Ti-E Nikon confocal microscope
(Minato, Tokyo, Japan). The amount of NETs was quantified
as the mean number of fibrillar structures in which chromatin
co-localized with neutrophil elastase divided by the number of
cells and multiplied by 100 in six 40X fields per experimental
condition (spontaneous and LPS-induced) (18). The expression
of LL-37 was quantified as the MFI of DyLight Alexa fluor
488 in every NET in six 40X fields per experimental condition.
The quantification of NETs was done in a blinded fashion. The
images were analyzed with the software Fiji (NIH). The baseline
immunological parameters of patients with SLE were compared
with 20 age and sex-matched healthy controls (18).
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Statistic Analysis
Quantitative variables were expressed as medians with
interquartile ranges (IQR). Association between nominal
variables was assessed with the Chi-square test. To encompass
the variability of disease activity and immunosuppressive
therapy throughout time, we calculated the adjusted mean
SLEDAI score (19) and performed a repeated measure analysis
for the presence or absence of immunosuppressive therapy
and for the prednisone dose, that was categorized as low (≤7.5
mg/d), medium (>7.5 mg-30 mg/d), and high (>30 mg/d) (20)
in each visit. To compare the paired medians of the parameters
at baseline and during the infectious event we used the Wilcoxon
test. Since all patients presented the primary outcome at
different time-points, we performed a Cox proportional hazard
model with the time until infection as the primary outcome.
None of the parameters were able to predict the time until
the infectious event. Therefore, to develop the systemic lupus
erythematosus (SLE) infection predictive index (LIPI), we
performed a univariate and multivariate logistic regression
analysis in which we used the baseline measurements of each
member of the cohort. Also, we carried out a cohort-nested
case-control analysis using the measurements taken 1–3 months
previous to the development of infection and comparing them
with those taken in patients whom did not developed infection
with the same follow-up time. Relative risks (RR) with 95%
confidence intervals (95% CI) were calculated in the two data
sets.

The variables that showed a statistically significant association
were taken to create different predictive models of infection.
The explanatory model with the lowest Akaike Information
Criterion (AIC) value was chosen (21). Afterwards, from this
explanatory model, we selected the variables with significant
RR to be included in the index. Also, we estimated the
cut-off points for each of these variables with the Receiver
Operating Characteristic (ROC) curves based on the smallest
sum of squares of 1-sensitivity and 1-specificity. A numerical
value was assigned to each of the index variables according to
RR value (22, 23), where the highest value (3) corresponded
to the highest RR. Finally, we compared different models
that included the potential combinations of variables selected
for the index based on their area under the curve (AUC),
sensitivity and specificity with the baseline data as well as in
the cohort nested case-control study, which was done for the
retrospective validation. We selected the model with the best
performance for infection prediction, measured as the AUC
by the ROC test (24). A P < 0.05 was considered significant.
The statistical analysis was made with the SPSS v21 (IBM
Corp. Armonk, NY, USA) and R package (R Core Team)
software.

RESULTS

Seventy-five percent of patients were women. Median time
since SLE diagnosis was 13 months (IQR 4-28). The main
clinical manifestations at SLE diagnosis were articular (84%),
mucocutaneous (81%), renal (50%), hematologic (37%), serositis

(37%), constitutional (35%), neurological (6%), and 14% had
secondary anti-phospholipid syndrome.

As previously described, when compared to healthy controls,
patients with SLE had a diminished count of lymphocytes (25)
and regulatory T cells (26) and a higher percentage of LDGs (27),
Th1, Th2 and Th17 cells (28). Moreover, patients with SLE had
lower absolute number of B cells and a lower expression of TLR2
in total monocytes (Table 1).

During 12 months of follow-up, 18 patients (32%) developed
19 infectious events in a median time of 21.5 weeks (IQR 4-
24), 5 (26.3%) were severe. The main types of infections were
community-acquired pneumonia (23%), upper respiratory tract
(23%) and urinary tract infections (17%), herpes zoster virus
(17%), gastroenteritis (11%), and cellulitis (5%). During the study
period, 6 (10.9%) patients were receiving cyclophosphamide, 4
(66.6%) of them had an infection.

As shown in Table 2 and Figure 2, patients that developed
infection during the follow-up period had higher amounts
of anti-dsDNA antibodies, LDGs, Th17 cells, and diminished
absolute number of B cells at baseline. We found no association
between the vaccination status, tobacco use and prophylactic
antibiotic administration with the development of infection (data
not shown).

In comparison to their baseline immunological parameters,
there was a higher expression of LL-37 in LPS induced NETs
(Figure 3) and a higher amount of LDGs during the infectious
events (Table 3).

At the time of infection, 10 (55.5%) patients presented an
SLE flare. Nevertheless, there were not statistically significant
differences in the immunological parameters in comparison to
patients who did not flare.

Univariate and multivariate logistic regression analyses were
performed to address the association of infection with diverse
clinical and immunological parameters at baseline Table 4 and
in the cohort-nested case-control study Table 5. The variables
associated with infection in multivariate analyses included anti
dsDNA antibodies, absolute number of B cells and LDGs and
the expression of TLR2 in total monocytes. Nonetheless, as
described in Methods, the variables selected for the LIPI were
those that were able to predict infection based on the ROC
analyses and include the following: the use of cyclophosphamide
in the repeated measure analysis, the absolute number of B
and Th17 cells and the MFI of TLR2 in total monocytes. The
cutoff points for the index were calculated with ROC curves
as described in methods and are depicted in Table 6. After the
cutoff points were determined, a score was assigned for each
variable according to the RR Table 6 as described in methods,
and we tested different variable combinations to assess their
predictive capability comparing the AUC with the ROC test
Table 7.

As shown in Table 7 and Figure 4, the selected index was
the one with the best AUC, which was the LIPI including
the 4 variables at baseline. Although the AUC of the LIPI at
baseline was not different from the AUC of the combination
of cyclophosphamide use and absolute number of Th17, the
LIPI showed a specificity of 100% and a higher negative LR
than the former combination of variables with the baseline
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dataset. The AUC of the LIPI at baseline, was compared with
the ROC test and was higher than the LIPI in the cohort
nested case control study (P = 0.0025) and the combination of
CYC+Th17 in the referred dataset (P = 0.035). Also, the latter
combination of variables showed lower sensitivity as well as lower
negative LR.

DISCUSSION

To our knowledge, this is the first prospective study to include
the assessment of clinical and immunological parameters to
develop an index for infection prediction in patients with SLE.
Our most relevant finding is that the imbalance of Th17 and

TABLE 1 | Baseline immunologic characteristics of patients with SLE and healthy controls.

Parameter SLE median (IQR) N = 55 Healthy control median (IQR) N = 20 P

Age (years) 25 (21–34) 25 (24–25.8) 0.94

LABORATORY CHARACTERISTICS

Leukocytes (×109/L) 5.75 (4.15–7.77) 6.85 (6.10–7.95) 0.016

Lymphocytes (×106/L) 1,084 (686–1,659) 2,119 (1,939–3,022) <0.001

Neutrophils (×106/L) 3,724 (2,881–5,451) 3,935 (3,000–4,415) 0.94

Monocytes (×106/L) 450 (288–590) 576 (500–576) 0.007

Hemoglobin (gr/dL) 13.7 (11.9–14–7) 15 (15, 16) <0.001

Platelets (×109/L) 257 (191–306) 300 (270–400) 0.001

IMMUNOLOGIC FEATURES

CD4+ lymphocytes (×106/L) 247 (79.5–611.25) 881 (770–990) <0.001

CD4+ lymphocytes (%) 39.9 (33.8–48.52) 62.2 (54.2–67) <0.001

CD8+ lymphocytes (×106/L) 212 (82–488) 465 (381–670) 0.002

CD8+ Lymphocytes (%) 30.4 (24–36.1) 31.8 (27–38.5) 0.79

B cells (×106/L) 163.5 (55.75–352.25) 327 (177–434) 0.009

B cells (%) 36.1 (14.3–36.1) 37.5 (28.3–54.5) 0.47

Th1 (×106/L) 3 (2–9) 3 (1.25–10.5) 0.621

Th1 (%) 0.8 (0.46–4.65) 0.29 (0.2–1.37) 0.003

Th2 (×106/L) 4 (2.5–12.5) 5.5 (3–14.25) 0.39

Th2 (%) 1.35 (0.8–2.25) 0.55 (0.39–1.75) 0.026

Th17 (×106/L) 4 (2–10.5) 4 (2–7.75) 0.917

Th17 (%) 1.57 (0.5–1.94) 0.4 (0.3–0.65) 0.001

Regulatory T cells (×106/L) 3 (0.7–10) 22 (8–29.5) <0.001

Regulatory T cells (%) 0.7 (0.4–1.4) 1.7 (1–3) <0.001

NK cells (×106/L) 47 (8.5–126.5) 202 (114–494) <0.001

NK cells (%) 13 (5.9–26.9) 33 (24.25–52) <0.001

Intermediate monocytes (×106/L) 18 (5–60) 40.5 (16.5–60.5) 0.168

Intermediate monocytes (%) 4.2 (1.8–17) 8.15 (3.2–11.37) 0.279

Non-classical monocytes (×106/L) 5 (1.4–16.15) 8 (2.6–11) 0.416

Non-classical monocytes (%) 2 (0.55–4.1) 2 (1.2–2.1) 0.215

TLR2+ monocytes (×106/L) 365 (164–542) 440 (328–581.25) 0.106

TLR2 monocytes (%) 83 (65.5–87.75) 87.5 (73–92) 0.163

TLR2+ intermediate monocytes (×106/L) 18.5 (5–62.75) 45 (18.2–69.25) 0.120

TLR2 intermediate monocytes (%) 98.3 (96–99.2) 99 (98.12–99) 0.218

TLR2 mean fluorescence intensity in total monocytes 9,567 (5,552–13,848) 16,890 (11,124–22,256) 0.005

TLR2 mean fluorescence intensity in intermediate monocytes 16,293 (7,583–21,263) 19,717 (13,063–25,963) 0.113

Low density granulocytes (×106/L) 43 (19–110) 16.5 (6.2–19) <0.001

Low density granulocytes (%) 10.3 (5.6–30.77) 1.9 (1.5–2.95) <0.001

Spontaneous NETsa (Sytox green fluorescence intensity) 2,133 (1,226–2,695) 1,744 (977–2,448) 0.271

LPS-induced NETs (Sytox green fluorescence intensity) 1,926 (1,163–2,785) 1,759 (1,188–2,490) 0.432

Spontaneous NETs (NETs/number of cells) 33 (7.5–125) 21 (10–50) 0.282

LPS-induced NETs (NETs/number of cells) 35 (7–99) 2 (0–17) <0.001

Mean fluorescence intensity of LL-37 in spontaneous NETs 66.15 (27.9–97.87) 36.64 (0–113.75) 0.072

Mean fluorescence intensity of LL-37 in LPS-induced NETs 78 (32.4–123.9) 171 (78.5–211) 0.001

aNeutrophil extracellular traps. The statistically significant P values are represented in bold.
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TABLE 2 | Baseline characteristics of patients with SLE according to the prospective development of infection.

Parameter Infection median (IQR) N = 18 No infection median (IQR) N = 37 P

DEMOGRAPHIC FEATURES

Female (%) 17 (68) 27 (69.2)

Age (years) 25 (20–30) 25 (21–37) 0.54

Time since SLE diagnosis (months) 13 (2.5–28) 12.5 (4–30.25) 0.52

LABORATORY CHARACTERISTICS

Leukocytes (×109/L) 6.05 (4.25–10.15) 5.3 (3.8–6.83) 0.13

Lymphocytes (×106/L) 989 (557–1,697) 1,117 (720–1,655) 0.8

Neutrophils (×106/L) 4,437 (3,148–7,966) 3,571 (2,545–5,063) 0.08

Monocytes (×106/L) 493 (364–614) 357 (255–576) 0.16

Hemoglobin (gr/dL) 14.3 (11.9–14.7) 13.5 (11.9–14.5) 0.54

Platelets (×109/L) 270 (190–310) 241 (190–301) 0.54

Creatinine (mg/dL) 0.66 (0.58–0.9) 0.7 (0.58–0.8) 0.88

Blood urea nitrogen (mg/dL) 14.9 (9.8–23.4) 12.8 (10.2–16.7) 0.48

24 h urinary protein (gr/d) 0.31 (0.13–3.35) 0.3 (0.1–1.2) 0.35

Protein/creatinine index (mg/mg) 0.41 (0.1–2.9) 0.13 (0.07–1) 0.18

C-reactive protein (mg/L) 0.32 (0.09–0.67) 0.25 (0.11–1) 0.9

Erythrocyte sedimentation rate (mm/h) 16 (6.5–31.5) 12 (4.2–19) 0.12

CONVENTIONAL IMMUNOLOGICAL FEATURES

C3 (mg/dL) 98 (61.5–111.5) 96 (71.25–113.5) 0.75

C4 (mg/dL) 13 (8–21.5) 11 (8–20) 0.98

Anti nucleosome antibodies (IU/L) 302 (115–507) 235 (80.1–422) 0.34

Anti dsDNAa antibodies (IUb/L) 130 (79–793) 78.45 (27.1–223) 0.039

Anti Ro antibodies (IU/L) 35.3 (6.9–546.2) 9 (5.4–280) 0.15

Anti La antibodies (IU/L) 5 (3.9–6.1) 4.1 (3.1–6) 0.2

Anti Smith antibodies (IU/L) 10.6 (7.2–82.7) 7.6 (6.8–57.8) 0.44

Anti cardiolipin IgG (IU/L) 6.6 (5–8.9) 6.1 (4.9–8.5) 0.6

Anti β2-GPc IgG (IU/L) 4.1 (3.8–4.3) 4 (3.5–4.7) 0.6

Anti cardiolipin IgM (IU/L) 13.1 (8.3–19.6) 8.1 (6.7–12.7) 0.058

Anti β2-GPI IgM (IU/L) 6.1 (4.6–10.97) 4.8 (4.2–7.2) 0.085

DISEASE ACTIVITY AND ACCRUAL DAMAGE SCALES

SELENA/SLEDAId 12 (0–16) 8 (4–12) 0.71

BILAGe 12 (0–18) 4.5 (0–12) 0.26

SLICC/SDIf 0 (0–0) 0 (0–0) 0.68

NOVEL IMMUNOLOGICAL FEATURES

CD4+ lymphocytes (×106/L) 217 (22–703) 254 (154–500) 0.43

CD4+ lymphocytes (%) 42.4 (26.7–49.3) 39 (34–49) 0.98

CD8+ lymphocytes (×106/L) 218 (31–439) 170 (82–415) 0.7

CD8+ lymphocytes (%) 31.7 (26.5–43.1) 29.7 (23.1–36) 0.39

B cells (×106/L) 88 (16–254) 253 (97–381) 0.028

B cells (%) 34 (12.2–56.5) 38.2 (16.3–71.8) 0.4

Th1 (×106/L) 4 (2–30) 3 (2–6) 0.4

Th1 (%) 0.8 (0.26–11.8) 0.8 (0.5–2.6) 0.7

Th2 (×106/L) 6 (3–15) 3.75 (1.75–6.25) 0.18

Th2 (%) 1.3 (0.55–3.6) 1.4 (0.8–2) 0.67

Th17 (×106/L) 11 (4–43) 3 (2–4) 0.007

Th17 (%) 1.8 (1.4–2.52) 0.9 (0.3–1.6) 0.01

Regulatory T cells (×106/L) 1 (0.2–10) 3.5 (1–8.5) 0.26

Regulatory T cells (%) 0.7 (0.41–1) 0.85 (0.4–1.47) 0.36

NK cells (×106/L) 126 (19–160) 27 (6–82) 0.078

NK cells (%) 14.3 (9.3–36.2) 10.6 (4–44) 0.13

(Continued)
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TABLE 2 | Continued

Parameter Infection median (IQR) N = 18 No infection median (IQR) N = 37 P

Intermediate monocytes (×106/L) 58.5 (3.75–168.75) 16 (5–44) 0.12

Intermediate monocytes (%) 7.8 (2–20) 3.8 (1.7–11.2) 0.1

Non-classical monocytes (×106/L) 6 (2–27) 4.6 (1–15.4) 0.26

Non-classical monocytes (%) 1.9 (0.5–5.6) 0.76 (0.52–3) 0.39

TLR2+ monocytes (×106/L) 433 (230–552) 308 (162–514) 0.33

TLR2+ monocytes (%) 87 (73–92) 80.9 (62.5–84.9) 0.16

TLR2+ intermediate monocytes (×106/L) 71 (6–167) 15 (5–44) 0.06

TLR2 intermediate monocytes (%) 98.3 (91.4–99) 98.3 (96–99.5) 0.45

TLR2 mean fluorescence intensity in total monocytes 11,553 (1,436–18,625) 9,538 (5,976–12,074) 0.51

TLR2 mean fluorescence intensity in intermediate monocytes 18,076 (1,674–21,727) 14,584 (8,779–19,836) 0.52

Low density granulocytes (×106/L) 105 (34–331) 32 (14–77) 0.006

Low density granulocytes (%) 17.7 (8.7–37) 8 (4.2–26.5) 0.09

Spontaneous NETsg (Sytox green fluorescence intensity) 1,610 (1,071–2,581) 2,192 (1,258–2,800) 0.2

LPS-induced NETs (Sytox green fluorescence intensity) 1,750 (1,044–2,261) 2,328 (1,324–3,358) 0.06

Spontaneous NETs (NETs/number of cells) 33 (12–78) 47 (6–100) 0.72

LPS-induced NETs (NETs/number of cells) 41 (5–110) 33 (8–142) 0.6

Mean fluorescence intensity of LL-37 in spontaneous NETs 77 (28–135) 64.85 (27.9–93) 0.48

Mean fluorescence intensity of LL-37 in LPS-induced NETs 88 (57–161) 77 (27.22–118.42) 0.3

TREATMENT

Prednisone dose (mg/d) 22.5 (10–38.75) 15 (5–110) 0.2

Azathioprine dose (mg/d) 87.5 (50–105.25) 100 (50–143) 0.47

Mofetil mycophenolate dose (gr/d) 1.75 (1–2.12) 2 (1.5–2.8) 0.23

Cyclophosphamide dose (gr/month) 1 (0.88–1) ND ND

aDouble stranded deoxyribonucleic acid.
b International Units.
cBeta2 glycoprotein I.
dSafety of Estrogens in Lupus National Assessment-Systemic Lupus Erythematosus Disease Activity Index
eBritish Isles Lupus Assessment Group.
fSystemic Lupus International Collaborating Clinics/ACR damage index.
gNeutrophil extracellular traps.

The statistically significant P values are represented in bold.

B cells numbers and a lower expression of TLR2 in monocytes
along with cyclophosphamide use are the major risk factors for
infection in SLE patients.

Infections are a burden in SLE, with a frequency ranging
from 19.3 to 58.7%, and a mortality of 24.5% (6, 8), which
agrees with our findings. Diverse risk factors for infections have
been reported, such as age at diagnosis, Hispanic ethnicity,
any use of glucocorticoids (≥10 mg/day), immunosuppressors,
hospitalization by SLE, renal involvement and SLE damage
index (SDI); while time on anti-malarials has been found as
protective (8). Among these, we only corroborated the use of
immunosuppressors (cyclophosphamide) as a major risk factor
for infection, similar to the study by Bosch et al. (29). The
higher risk of infection in patients receiving cyclophosphamide
may be secondary to its cytotoxic effect, particularly upon
proliferating lymphocytes (30). Furthermore, in animal models,
cyclophosphamide use promotes translocation of intestinal
bacteria (30), which could be another mechanism to explain
its association with infection. In contrast with previous cohort
studies, we did not find a protective effect of anti-malarials,
probably because of the distinct follow-up time (8) and the

methodological differences, since we performed a repeated
measure analysis for every immunosuppressive drug and did not
take into account the time on anti-malarials.

Interestingly, although we were not able to find association
between the disease activity scales and the occurrence of
infection, among our relevant findings are that patients with
immunological signs of high disease activity including higher
levels of Th17 cells, anti-dsDNA antibodies (31) and LDGs (27)
were more prone to develop infections.

Two different subsets of Th17 cells have been identified in
humans. The non-pathogenic subtypes whose main function is
the defense against pathogens in the mucous membranes (32)
and the pathogenic Th17, which are elevated in peripheral blood
in lupus (31). In SLE, disease activity could be related to an
imbalance between these subsets, with a predominance of the
pathogenic Th17 and lower amounts of those cells devoted to
defense toward infection.

Besides, we found that patients with lower levels of B-cells
developed infection during the follow-up. In SLE, naïve B cells
may be initially hyper-activated and produce higher levels of
anti-dsDNA antibodies but this eventually leads to necroptosis
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FIGURE 2 | Representative dot plots of LDG (A), Th17 lymphocytes (B), B cells (C) that were significantly different at baseline in patients with and without the

prospective development of infection. Representative histogram of the proportion of total TLR2+ monocytes and the expression of TLR2 between patients with and

without the prospective development of infection (D).

(33), which would explain the lower B cell numbers in our
study. Furthermore, in comparison to healthy controls, patients
with SLE have lower frequency of BCR sequences with somatic
hypermutations (SHM) (34). In animal models, the reduction in
naïve B cells promotes Cryptococcus dissemination (35) and the

lower biodiversity of BCR sequences with SHM in patients with
SLE (34) may diminish the B cell repertoire to combat infections.
Also, the lower pool of naïve B cells could lead to less class-
switched memory B cells, which are known to be fundamental in
the prevention of infections in other clinical conditions (36). The
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combination of a lower naïve B cell repertoire and diminished
SHM may explain the increased risk of infection in SLE patients,
although further studies are required to assess if different B cell
subsets are involved in infection development in these patients.

We were not able to find the amount of NETs as a predictor
of infection. However, we did find a differential protein cargo
characterized by increasing amounts of LL-37 upon infection,
probably as a defense mechanism. Besides, this antimicrobial

FIGURE 3 | LL37 expression in LPS-induced NETs of a representative patient

at baseline (A) and during the infectious process (B). 40X.

peptide augments the expression of co-stimulatory molecules in
dendritic cells (37) and promotes the production of type I IFN
(38), which could be related to the association of SLE flares and
infection. Indeed, the prospective design of this study allowed
us to detect a disease flare in more than 50% of patients during
infections.

Regarding TLR2, patients with SLE had a 56.6% lower
expression in comparison to healthy controls. Although the
regulating factors of the expression of TLR2 in SLE are unknown,
glucocorticoids diminish its expression in keratinocytes and
respiratory epithelial cells (39, 40). Previous studies had shown
that patients with SLE had lower expression of TLR2 in
monocytes in comparison to healthy controls (41), but this
is the first study to describe it as a major risk factor for
infection in lupus patients. Besides, the reduction of TLR2 has
been acknowledged as a prognostic factor in infections, such as
pneumonia (42) and its diminished expression may predispose
SLE patients to infections in a similar way of genetic variants.
The TLR2 Arg753Gln and T597C polymorphisms are related
to Gram-positive septic shock, S. aureus and cytomegalovirus
infections, as well as pulmonary and meningeal tuberculosis (43).

In summary, we propose that SLE patients have lower
expression of TLR2 in monocytes. As a consequence, they
have lower capacity to recognize and combat pathogens, since
TLR2 is fundamental in the immune response against many
bacterial, fungal, and viral infections. Besides, higher disease
activity leads to Th17 expansion and B cell hyper-activation,

TABLE 3 | Immunologic parameters that were significantly different at baseline and during the infectious event with the Wilcoxon test in patients that developed the

outcome (infection).

Parameter Baseline median (IQR) N = 18 Infection median (IQR) N = 18 P

Anti Smith antibodies (IU/L) 7.8 (6.9–69.3) 9.6 (7.2–24.9) 0.046

Th2 (×106/L) 5 (3–13) 2.3 (1.5–14) 0.028

Low density granulocytes (×106/L) 26 (14–81) 34.5 (19.4–78.7) 0.012

Low density granulocytes (%) 6.49 (2.2–18.8) 10 (4.8–19.6) 0.016

Mean fluorescence intensity of LL-37 in LPS-induced NETsa 101 (58.2–160.75) 134 (72.5–297) 0.013

aNeutrophil extracellular traps. The statistically significant P values are represented in bold.

TABLE 4 | Univariate and multivariate analysis to predict infection using the baseline measurements.

Univariate analysis Multivariate analysis

Variable RRa 95% CIb P RR 95% CI P

Anti dsDNAc antibodies (IUd/L) 1.0021 1.0006–1.0039 <0.001 1.0035 1.0011–1.0073 <0.001

Low density granulocytes (×106/L) 1.0057 1.00005–1.0124 0.04

Th17 (×106/L) 1.964 1.117–5.362 0.001

LPS-induced NETs (Sytox green fluorescence intensity) 0.00453 0.0016–0.7770 0.03

Mean fluorescence intensity of TLR2 in intermediate monocytes 0.99993 0.9998–1.00001 0.09

Mean fluorescence intensity of TLR2 in total monocytes 0.9998 0.9997–1.000006 0.06

aRelative risk.
b95% confidence interval.
cDouble stranded deoxyribonucleic acid.
d International Units.

The statistically significant P values are represented in bold.
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TABLE 5 | Univariate and multivariate analysis to predict infection in the cohort-nested case-control study.

Univariate Multivariate

Variable RRa 95% CIb P RR 95% CI P

B cells (×106/L) 0.9959 0.9893–0.9998 0.038 0.9827 0.9557–0.9980 0.01

Intermediate monocytes (×106/L) 1.0124 1.0008–1.0342 0.02

Low density granulocytes (×106/L) 1.0173 1.0041–1.0398 <0.001 1.0457 1.0163–1.1079 <0.001

Blood Urea Nitrogen (mg/dL) 1.1224 1.0120–1.3186 0.09

NK cells (%) 1.0496 0.9997–1.1193 0.08

Mean fluorescence intensity of TLR2 in total monocytes 0.9997 0.9991–1.00002 0.0720

aRelative risk.
b95% confidence interval.

The statistically significant P values are represented in bold.

TABLE 6 | Cutoff points and score assignment according to the relative risk of the variables included in the systemic lupus erythematosus infection predictive index (LIPI).

Parameter Infection No infection RRa 95% CIb P Score Cutoff point

CYCc use Yes No 3.678 1.486–9.102 0.004 +3 Yes

Th17 (×106/L) 11 (6–43) 3 (2–4) 1.964 1.117–5.362 0.001 +2 >8

B cells (×106/L) 47 (14.75–105) 157 (68–256) 0.995 0.989–0.999 0.038 +1 <60.5

TLR2 mean fluorescence intensity in total monocytes 1,640 (1,362–8,292) 8,396 (1,348–13,012) 0.99 0.99–1 0.06 +1 <1,364

aRelative risk.
b95% confidence interval.
cCyclophosphamide.

The statistically significant P values are represented in bold.

TABLE 7 | Comparison of different explanatory models for infection using the baseline and the cohort-nested case-control study data.

Cutoff point LRa
+ LR– AUCb (95% CIc) Sensitivity (95% CI) Specificity (95% CI) P

BASELINE DATA

CYCd use Yes 1.2 0 0.58 (0.43–0.73) 100 (90.51–100) 16.67 (4.73–37.38) 0.27

Th17 >8 1.63 0 0.75 (0.56–0.85) 100 (76.84–100) 38.71 (21.85–57.81) 0.027

B cells <60.5 1.1 0.57 0.51 (0.36–0.65) 88 (68.7–97.45) 21.62 (9.82–38.21) 0.87

MFIe TLR2 in total monocytes <1,364 1.04 1 0.67 (0.53–0.81) 15.38 (4.3–34.87) 85.29 (68.94–95.05) 0.019

CYC+Th17 >0.5 5.5 0 0.90 (0.76–1.05) 100 (75.29–100) 81.82 (48.22–97.72) 0.0007

CYC+B-cells+MFI TLR2 in total monocytes >0.5 1.68 0.52 0.70 (0.5–0.89) 69.2 (38.5–90.9) 58.8 (32.9–81.5) 0.06

LIPIf (CYC+Th17+B-cells+MFI TLR2 in total monocytes) >1.5 0.001 0.97 (0.91–1.038) 90 (55.5–99.75) 100 (69.15–100) 0.0003

COHORT-NESTED CASE CONTROL ANALYSIS

CYC use Yes 1.11 0 0.55 (0.36–0.73) 100 (82.35–100) 10.53 (1.3–33.14) 0.57

Th17 >8 1.48 0.3 0.51 (0.26–0.77) 88.89 (65.29–98.62) 40 (12.16–73.76) 0.86

B cells <60.5 1.8 0.39 0.77 (0.61–0.93) 78.95 (54.43–93.95) 56.25 (29.88–80.25) 0.0051

MFI TLR2 in total monocytes <1,364 0.95 1 0.59 (0.39–0.78) 73.68 (48.8–90.85) 23.53 (6.8–49.9) 0.34

CYC+Th17 >0.5 5.4 0.45 0.75 (0.54–0.96) 60 (26.2–87.8) 88.8 (65.2–98.6) 0.027

CYC+B-cells+TLR2 in total monocytes >0.5 2.89 0.53 0.71 (0.51–0.91) 57.8 (73.9–79.7) 80 (44.3–97.4) 0.06

LIPIe (CYC+B-cells+TLR2 in total monocytes+Th17) >1.5 5.4 0.45 0.76 (0.55–0.96) 60 (26.4–87.8) 88.8 (65.2–98.62) 0.024

aLikelihood ratio.
bArea under the curve.
c95% confidence interval.
dCyclophosphamide.
eMean fluorescence intensity.
fLupus Infection Predictive Index.

The statistically significant P values are represented in bold.
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FIGURE 4 | ROC curves showing the area under the curve (AUC) of the

different sets of variables combinations using the baseline data set (continuous

line) and in the cohort-nested case-control study (dotted lines).

with the consequent activation-induced necroptosis. The use of
cyclophosphamide along with B cell necroptosis may promote
a diminished pool of circulating B cells with a consequent
limitation of the B cell repertoire to recognize, neutralize and
combat pathogens.

Our data suggest that the combination of the use of
cyclophosphamide with the compound measurement of B cells,
Th17 cells, and TLR2 expression in monocytes is useful as an
infection predictive index in SLE patients. All of the parameters
included in the index are readily available using conventional
flow cytometry, a technique that has demonstrated diagnostic
utility as a compound measurement tool (44) as well as a cost-
effective strategy (45) in many other diseases in the clinical
setting, particularly at third level referral centers. Also, this is the
first study to emphasize the pathogenic autoimmune response in
SLE as a pivotal risk factor for infections, which could explain the
concomitant occurrence of high disease activity and infections
at lupus diagnosis even in the absence of immunosuppressive
therapy. By alerting clinicians about patients who are more
prone to develop infections, there could be a prompt and closer
follow-up, with a multidisciplinary approach, including counsel
by experts in infectious diseases. Additionally, since one of the
most relevant prophylactic measures is the use of antibiotics, it
is fundamental to detect patients with higher risk of infections
to lower the generalized use of this preventive action in order

to avoid the selection of resistant strains as it has been shown in
other chronic diseases (46).

Our study has many limitations, including that our cohort is
unicentric, solely composed by Hispanic patients with <5 years
since diagnosis and without any treatment with biologic anti-
rheumatic disease drugs. Besides, our sample size is limited, and
this could influence the lack of association between infection and
some of the variables, such as the NET amount and the use of
anti-malarials. Even though, a longer follow-up time would have
been desirable, our study allowed us to find association of some
of the variables with infection since the outcome developed early
in the follow-up period. Furthermore, we should acknowledge
that some of the variables included in the LIPI, as individual
items, did show a small effect size for the prediction of infection.
Nevertheless, the compound use of all these variables was able
to increase their predictive capacity. Also, even though flow
cytometry has gained access to the routine clinical setting,
still it is not globally available and its cost-effectiveness should
be addressed in future studies. Finally, this tool needs to be
prospectively validated to identify a group of SLE patients with
high risk of infection throughout the disease course to apply
prophylactic measures regardless of immunosuppressive therapy
and a closer follow-up.
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