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ABSTRACT

Objective To evaluate the risk of major infections and
the relationship between major infections and mortality in
patients with newly diagnosed SLE.

Methods A newly diagnosed (<3 months) hospitalised
Systemic Lupus Inception Cohort (hSLIC) in our centre
during 1 January 2013 and 1 November 2020 was
established. All patients were followed up for at least 1
year or until death. Patient baseline characteristics were
collected. Major infection events were recorded during
follow-up, which were defined as microbiological/clinical-
based diagnosis treated with intravenous antimicrobials.
The cohort was further divided into a training set and a
testing set. Independent predictors of major infections
were identified using multivariable logistic regression
analysis. Kaplan-Meier survival analyses were conducted.
Results Among the 494 patients enrolled in the hSLIC
cohort, there were 69 documented episodes of major
infections during the first year of follow-up in 67 (14%)
patients. The major infection events predominantly
occurred within the first 4 months since enrolment (94%,
65/69) and were associated with all-cause mortality. After
adjustments for glucocorticoid and immunosuppressant
exposure, a prediction model based on SLE Disease
Activity Index >10, peripheral lymphocyte count
<0.8x10%L and serum creatinine >104 pmol/L was
established to identify patients at low risk (3%—5%) or
high risk (37%-39%) of major infections within the first 4
months.

Conclusions Newly onset active SLE is susceptible to
major infections, which is probably due to underlying
profound immune disturbance. Identifying high-risk
patients using an appropriate prediction tool might lead to
better tailored management and better outcome.

INTRODUCTION

SLE is a chronic multisystemic autoimmune
disease associated with significant morbidity
and mortality. A bimodal pattern of death
has been well-conceived, that is, early deaths
(<lyear) are most often due to active SLE
or infection; while late deaths are mainly
related to atherosclerotic vascular disease.'
Indeed, short disease duration (<lyear) has
been shown to be an independent risk factor
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Major infections in SLE contribute to early death.
= Short disease duration (<1year) is an independent
risk factor for infections in patients with SLE.

WHAT THIS STUDY ADDS

= Major infection events were documented in 14% of
patients in a newly diagnosed hospitalised SLE in-
ception cohort during the first year of follow-up.

= The majority (94%) of major infections occurred
within the first 4 months and was associated with
all-cause mortality.

= A simple model based on SLE Disease Activity Index
>10, peripheral lymphocyte count <0.8x10%L and
serum creatinine >104 pmol/L were identified for
predicting major infections in newly diagnosed SLE.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Underlying profound immune disturbance is proba-
bly the reason that makes newly onset active SLE
susceptible to major infections.

= Using appropriate prediction tool to identify high-risk
patients might lead to better tailored management
and better outcome.

associated with infections in different SLE
cohorts.*™ In patients with SLE, infections
are largely considered a complication of
immunosuppressive therapy; however, as high
as 25.9% of severe infections are reported at
the time of SLE diagnosis in the absence of
immunosuppressive therapy.” The high prev-
alence of severe infection in newly diagnosed
SLE implies that infections are attributable
to glucocorticoid and immunosuppressive
therapy, and may be related to the underlying
immune disturbance of SLE itself.

A recent Canadian population-based study
showed that the incidence of serious infec-
tions and infection-related mortality increased
by 82% and 61%, respectively, in patients
with newly diagnosed SLE compared with a
matched non-SLE population.’ In a Spanish
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Table 1 Baseline features of the hospitalised Systemic Lupus Inception Cohort
Variables ALL n=494 Deceased n=29 Survivors n=465 P value
Demographic data
Female 432 (87) 21 (72) 411 (88) 0.0118
Age (years) 36+14 50+19 35+14 <0.0001
SLE activity
SLEDAI score 1116 169 116 <0.0001
Neuropsychiatric involvement 69 (14) 3(10) 66 (14) 0.5619
Pulmonary hypertension 39 (8) 7 (24) 32 (7) 0.0005
Gastrointestinal involvement 42 (8) 6 (21) 36 (8) 0.0543
Serositis 144 (30) 15 (52) 129 (28) 0.0036
Nephritis 207 (42) 17 (59) 190 (41) 0.06
Treatments received before enrolment
Prednisone 294 (60) 23 (79) 271 (58) 0.0252
Immunosuppressants 77 (16) 8 (28) 69 (15) 0.0663
Laboratory tests
Anti-ds-DNA+ 350 (71) 19 (66) 331 (71) 0.5148
Low complement 3 418 (85) 26 (90) 392 (84) 0.4382
Leucocyte count <3x10%/L 64 (13) 4 (14) 60 (13) 0.8899
Lymphocyte count <0.8x10%L 167 (34) 18 (62) 149 (32) 0.0011
Platelet count <100x10%/L 102 (21) 15 (52) 87 (19) <0.0001
Haemoglobin <110g/L 276 (56) 26 (90) 250 (54) 0.0002
IgG <7g/L 24 (5) 3(10) 21 (5) 0.1566
Serum creatinine >104 pmol/L 52 (11) 13 (45) 39 (8) <0.0001
Major infection 67 (14) 23 (79) 44 (9) <0.0001

Data are presented as mean+SD for continuous variables and number (frequency) (%) for categorical variables. The immunosuppressants
included cyclophosphamide, mycophenolate mofetil, ciclosporin A, methotrexate, rituximab, tacrolimus, azathioprine, iguratimod and

leflunomide.
ds-DNA, double-stranded DNA; SLEDAI, SLE Disease Activity Index.

inception cohort of 282 patients with newly diagnosed
SLE, 19 patients (6.4%) had major infections during
the first year of follow-up; high baseline SLE activity and
prednisolone dose >30mg/day during the first month
were associated with a higher risk of infections.” However,
there is still no reliable method with which to precisely
predict infection risk in patients with newly diagnosed
SLE.

Here, by using an observational inception cohort of
Chinese patients with newly diagnosed SLE (<3 months)
from our centre, we aimed to profile major infection
events within the first year of follow-up, and to develop a
risk assessment tool for infection prediction.

METHODS

Patient population and study design

Since January 2013, hospitalised patients with newly diag-
nosed SLE (<3 months) in the Rheumatology Depart-
ment of Renji Hospital have been included in the hospi-
talised Systemic Lupus Inception Cohort (hSLIC). The
hospitalisation was a shared decision-making by the

treating physicians and the patients. The judgement of
admission was based on disease activity, severity (compli-
cations included) and the need for extensive evaluation,
such as invasive procedures (eg, renal biopsy).

All patients fulfilled the 1997 American College of
Rheumatology (ACR) and/or 2019 European Alliance of
Associations for Rheumatology/ACR SLE classification
criteria.®? All patients who underwent at least 12 months
of follow-up or until death were included in this longitu-
dinal observational study. The cohort was further divided
into a training dataset of patients enrolled between
1 January 2013 and 31 December 2019, and a testing
dataset of those enrolled between 1 January 2020 and 1
November 2020.

Baseline data at the time of enrolment (at the beginning
of hospitalisation) were recorded, including demographic
information, clinical manifestations, laboratory tests and
SLE Disease Activity Index (SLEDAI).' Infections were
graded according to Common Terminology Criteria for
Adverse Events (CTCAE) (https://ctep.cancer.gov/
protocoldevelopment/electronic_applications/docs/
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Pattern and profile of major infections in hospitalised Systemic Lupus Inception Cohort. (A) Sixty-nine documented

major infection events were recorded in 67 patients during the first year of follow-up. Death events were also presented.

(B) Major infection profiling.

CTCAE_v5_Quick_ Reference_5x7.pdf). Major infec-
tion was defined as microbiological/clinical-based diag-
nosis treated with intravenous antimicrobial,!' which had
a CTCAE grade 3 or higher. A definitive diagnosis was
established if an organism was isolated from sterile sites in
a patient with consistent clinical manifestations. A clinical
diagnosis was established when combined clinical, labora-
tory and imaging findings were consistent with an invasive
infection, with or without findings of colonisation.'

Statistical analysis

The independent-sample Student’s t-test, Mann-Whitney
U test and ” test were applied as appropriate. Optimal
cut-off values for continuous variables, such as SLEDAI
score and age, were determined by receiver operating
characteristic curve analysis (online supplemental figure
S1). The independent predictors of major infection
within the first 4 months were determined by multivariate
logistic stepwise regression with or without adjustment for
treatment exposure. Independent predictors were then
combined to establish a prediction model. The perfor-
mance of the prediction model was examined by Kaplan-
Meier plot and receiver operating characteristic curve
analysis.

All statistical analyses were performed using SPSS
V.23 (Armonk, New York, USA) or GraphPad V.5.0 (San
Diego, California, USA) software. Statistical significance
was defined as p<0.05.

RESULTS

Major infections were related to mortality in hSLIC

Between January 2013 and November 2020, a total of
553 patients with newly diagnosed SLE were hospitalised
in our centre. Of those, 59 patients were excluded for
not completing l-year follow-up. A total of 494 eligible
patients were included in the hSLIC study with a mean
follow-up time of 2.842.0 years. There were 432 women
(87%), with a mean age at enrolment of 36+14 years and
median (IQR) duration from diagnosis to admission of
9 (1, 22) days. The cohort included 27 adolescent (aged
<18 years, 5.5%) with a median age of 15 (14, 17) years.
The mean SLEDAI score at enrolment was 11+6. In addi-
tion, none of our patients had HIV or primary immuno-
deficiencies. The clinical characteristics of the cohort are
presented in table 1.

Overall, 29 patients died within the first year of
follow-up, yielding a l-year all-cause crude mortality
of 5.9%. The results of the univariable comparison of
baseline characteristics between survivors and deceased
patients are summarised in table 1. Compared with survi-
vors, deceased patients were older, had a higher SLEDAI
score and had higher incidences of major infections,
pulmonary hypertension, serositis, exposure to gluco-
corticoids (before study enrolment), cytopenia and
renal insufficiency. Among 52/494 (11%) patients with
a baseline serum creatinine >104pmol/L, 10/52 (19%)
were on dialysis; 9 patients ended up with end-stage renal
disease during follow-up.

In the final multivariable logistic regression model,
the independent predictors of 1l-year all-cause mortality
in hospitalised patients with newly diagnosed SLE were
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Table 2 Baseline comparison of patients with or without major infections in the first 4 months

Training set n=352 Testing set n=142
Control Major infection within Control Major infection within
n=303 4 months n=49 P value n=128 4 months n=14 P value
Demographic data
Female 266 (88) 38 (78) 0.0527 118(92) 10 (71) 0.0134
Age (years) 35114 41+15 0.0080 35114 46+15 0.0090
SLE activity
SLEDAI score 10+5 17+7 <0.0001 10+5 1715 <0.0001
Neuropsychiatric involvement 44 (15) 11 (22) 0.1562 10 (8) 4 (29) 0.0134
Pulmonary hypertension 23 (8) 6 (12) 0.2716 7 (5) 3 (21) 0.0267
Gastrointestinal involvement 24 (8) 9(18) 0.0199 8 (6) 1(7) 0.8964
Serositis 97 (32) 20 (41) 0.2249 19 (15) 8 (57) 0.0001
Nephritis 113 (37) 35 (71) <0.0001 52 (41) 7 (50) 0.4992
Laboratory tests
Anti-ds-DNA+ 203 (67) 36 (73) 0.3679 98 (77) 13 (93) 0.0793
Low complement 3 256 (84) 45 (92) 0.1752 104 (81) 13 (93) 0.2790
Leucocyte count <3x10%/L 36 (12) 7(14) 0.6334 17 (13) 4 (29) 0.1260
Lymphocyte count <0.8x10%/L 85 (28) 34 (69) <0.0001 38 (30) 10 (71) 0.0017
Platelet count <100x10%/L 55 (18) 21 (43) <0.0001 20 (16) 6 (43) 0.0124
Haemoglobin <110g/L 191 (63) 36 (73) 0.1568 39 (30) 10 (71) 0.0022
1gG <7g/L 13 (4) 3(6) 0.5679 5 (4) 3(21) 0.0069
Serum creatinine >104 pmol/L 19 (6) 22 (45) <0.0001 8 (6) 3(21) 0.0437
Treatments received before enrolment
Prednisone 177 (58) 36 (73) 0.0455 71 (55) 10 (71) 0.2521
Hydroxychloroquine 153 (50) 17 (37) 0.0400 49 (38) 5 (36) 0.8510
Immunosuppressants 42 (14) 11 (22) 0.1189 18 (14) 6 (43) 0.0063
Cyclophosphamide 19 (6) 7 (14) 0.0466 5(4) 4 (29) 0.0003
Mycophenolate mofetil 11 (4) 2 (4) 0.8765 5 (4) 1(7) 0.5625
Ciclosporin A 72 1) 0.9090 0(0) 0(0) /
Methotrexate 2(1) 0 (0) 0.5685 1(1) 1(7) 0.0551
Rituximab 1(0.3) 0(0) 0.6872 0(0) 0(0) /
Other 2(1) 12 0.3293 7(5) 0(0) 0.3695
Treatments received within 1 month of enrolment
Maximum prednisone (mg/day) 187+217 306+185 0.0003 156+163 297+215 0.0035
Methylprednisolone pulses 51 (17) 22 (45) <0.0001 16 (11) 7 (50) 0.0003
Cumulated prednisone (mg/first month)  1845+787 2289+656 0.0002 1764642 2121+998 0.0795
Immunosuppressants 227 (75) 27 (55) 0.0041 103 (73) 11 (79) 0.8655
Cyclophosphamide 79 (26) 12 (24) 0.8144 29 (20) 4 (29) 0.6188
Mycophenolate mofetil 52 (17) 5(10) 0.2200 22 (15) 4 (29) 0.2957
Ciclosporin A 11 (4) 3 (6) 0.4076 1(1) 0(0) 0.7400
Methotrexate 18 (6) 0(0) 0.0799 6 (4) 1(7) 0.6870
Rituximab 48 (16) 6 (12) 0.5169 28 (20) 1(7) 0.1942
Other 19 (6) 1) 0.2354 17 (12) 1(7) 0.5122
All-cause deaths 7@ 18 (37) <0.0001 0(0) 4 (29) <0.0001

Data are presented as mean+SD for continuous variables and number (frequency) (%) for categorical variables. Methylprednisolone pulses: >500 mg/
day intravenously for 3 days. Other immunosuppressants included tacrolimus, azathioprine, iguratimod and leflunomide.
ds-DNA, double-stranded DNA; SLEDAI, SLE Disease Activity Index.

age at admission (OR=1.058, 95% CI 1.026 to 1.092) and major infections (OR=22.083, 95% CI 6.752 to 72.228)
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Table 3 Multivariate logistic regression of risk factors for
major infections in the training set

Predictors for major
infection within first 4

months OR (95% CI) P value
Age >40 years 2.12 (0.96 to 4.69) 0.065
SLEDAI >10 3.28 (1.26 to 8.57) 0.015
Gastrointestinal 1.70 (0.55 to 5.24) 0.356
involvement

Nephritis 1.92 (0.77 to 4.77) 0.161
Lymphocyte count 4.18 (1.90 t0 9.17) <0.0001
<0.8x10%/L

Platelet count 2.21 (0.98 to 4.96) 0.055
<100x10%/L

Serum creatinine 7.16 (2.82 t0 18.17) <0.0001
>104 pmol/L

Prednisone* 2.40 (0.97 t0 5.92) 0.057

Immunosuppressants* 0.64 (0.23 to 1.78) 0.39

Hydroxychloroquine® 0.75 (0.34 to 1.66) 0.482

*Administration of these drugs before enrolment.
SLEDAI, SLE Disease Activity Index.

(online supplemental table S1).

Characteristics of major infections

During the first year of follow-up, 69 documented
episodes of major infections were recorded in 67/494
(14%) patients. Two patients had more than one infec-
tion event, and 22/67 (33%) patients died from condi-
tions related to the infection event. Of note, 65/69 (94%)

A
Major infection within the first 4 hs, %
Risk score Risk level Training Set n=352 Testing Set n=142
0 1.5% (2/130) 0% (0/58)
1 9.0% (12/133) 7.0% (4/57)
2 31.0% (22/71) 33.3% (8/24)
3 72.2% (13/18) 66.7% (2/3)
B C
Training Set Testing Set
L . 1004
S Low risk (score<1) g .% Low risk (score<1) g
E 75 - g g 75 g
";" 50 High risk (score=2) "g 50 High risk (score>2)
s 25 s 25
[ 2
o o
"o i 2 3 4 i 2 3
Time to infection (months) Time to infection (months)
Number at risk Number at risk
Low risk 263 254 252 250 249 Low risk 115 13 11 11 11
High risk 89 67 61 54 High risk 27 19 18 17 17

Figure 2 A model for predicting major infection within 4
months in newly diagnosed SLE. (A) The risk score was
defined as the number of risk factors (SLE Disease Activity
Index >10, lymphocyte count <0.8x10%L and serum
creatinine >104 pmol/L). Infection risk (green=lowrisk,
red=highrisk) based on the risk score in the training set and
testing set. (B) Major infection-free survival curves were
determined by Kaplan-Meier analysis.

of the infection events occurred within the first 4 months
after enrolment (figure 1A).

The most common infection was pneumonia (46,/69;
67%), followed by bacteraemia (18/69; 26%), skin and
soft-tissue infections (7/69; 10%) and serous cavity
infections (4/69; 6%); central nervous system infec-
tions (3%) and urinary tract infections (3%) were less
common. Infections at multiple sites were seen in 13/69
(19%) patients, most of whom (9/13) had bacteraemia
accompanied by pneumonia. The detected organisms
were bacteria (58%), fungi (20%), viruses (15%), Pneu-
mocystis jirovecii (4%) and Mycobacterium tuberculosis (3%)
(figure 1B). The detailed microbiological findings are
shown in online supplemental table S2.

Predictors for major infection within 4 months

Then, the cohort was further divided into a training
dataset and a testing dataset based on time of enrolment.
With similar baseline features in the two datasets, disease
characteristics of patients with major infections within the
first 4 months were compared with the rest of the patients
in each dataset (table 2). Of these, 49/352 (14%) patients
in the training set and 14/142 (10%) patients in the
testing set had major infections within the first 4 months,
respectively. Univariate and subsequent multivariable
logistic regression analyses were used to identify candidate
predictors in the training set. The multivariable logistic
regression model included the following 10 clinically
meaningful candidate predictors in the training dataset:
age >40 years, SLEDAI >10, gastrointestinal involvement,
nephritis, lymphocyte count <O.8><109/ L, platelet count
<100x10%/L, serum creatinine >104pmol/L and use of
glucocorticoids, hydroxychloroquine and immunosup-
pressants before enrolment. Finally, three independent
risk factors for major infections within 4 months were
identified: SLEDAI >10 (OR=3.28, 95% CI 1.26 to 8.57),
lymphocyte count <0.8x10°/L (OR=4.18, 95% CI 1.90 to
9.17) and serum creatinine >104 pmol/L (OR=7.16, 95%
CI 2.82 to 18.17) (table 3). As previous research shows
that the administration of glucocorticoids within the first
month is associated with subsequent infections in patients
with newly diagnosed SLE,” we further adjusted for meth-
ylprednisolone pulse therapy (=500 mg/day intravenously
for 3 days) and cumulative prednisone equivalent dosages
within 1 month of enrolment. The aforementioned three
risk factors for major infections remained significant after
these adjustments, indicating the robustness of the results
(online supplemental table S3).

Risk prediction model for major infection within 4 months

We generated a predictive model combining the three
independent risk factors for major infections within 4
months. Risk score was defined as the number of risk
factors present. The incidences of major infection events
for patients in the training set with risk scores of 0, 1, 2
and 3 were 1.5%, 9.0%, 31.0% and 72.2%, respectively.
We then categorised patients into two groups: low risk
(risk score <1) and high risk (risk score >2) (figure 2A).

Wang H, et al. Lupus Science & Medicine 2022;9:e000725. doi:10.1136/lupus-2022-000725 5


https://dx.doi.org/10.1136/lupus-2022-000725
https://dx.doi.org/10.1136/lupus-2022-000725
https://dx.doi.org/10.1136/lupus-2022-000725

Lupus Science & Medicine 8

The Kaplan-Meier plots display the probability of major
infections within 4 months in the low-risk and high-risk
groups (figure 2B). The performance of the risk model in
predicting major infections was supported by a C-Index of
0.83 (95% CI10.78 to 0.89) and 0.84 (95% CI 0.75 to 0.93)
in the training and testing datasets, respectively.

DISCUSSION

The present study found a high incidence of major infec-
tions (14%) during the first year of follow-up in hospital-
ised patients with newly diagnosed SLE. Of note, 94% of
major infection events occurred in the first 4 months after
enrolment, and major infection was related to all-cause
mortality. To predict the occurrence of major infection
within the first 4 months in this population, we developed
a data-driven risk model composed of the SLEDAI score,
blood lymphocyte count and serum creatinine measured
at the beginning of hospitalisation. The result was robust
across internal training and testing datasets. However,
the model requires validation in independent large-scale
studies.

To date, a few prediction models for infection in patients
with SLE have been reported."” For instance, a model
composed of albumin, creatinine levels and daily dose of
prednisolone, has been established for predicting severe
infection within 6 months among hospitalised patients
with active SLE."* Another retrospective study developed
an algorithm (SLE Severe Infection Score (SLESIS))
to predict the risk of severe infections in patients with
SLE15; the SLESIS incorporates age, sex, Latin American
ethnicity, Katz Index (Lupus Severity of Disease Index),"®
previous hospitalisations for SLE, previous severe infec-
tion and daily dose of prednisolone >10mg/day."” Only
one study created a model using a prospective cohort of
patients with lupus with a disease duration of <5 years”;
a composite clinical-immunological index including use
of cyclophosphamide, absolute number of B cells, total T
helper 17 lymphocytes and expression of toll-like receptor
2 in monocytes was generated to predict the development
of infection in patients with SLE. Our study, on the other
hand, was focused on a more homogenous hospitalised
population with newly diagnosed SLE without long-term
treatment exposure or chronic damage accrual. The
model is simple and straightforward.

It is well known that both disease activity and immuno-
suppressive therapy contribute to an increased incidence
of infections in SLE.” '** However, in our hSLIC popu-
lation, SLE disease activity index apparently outweighed
glucocorticoid and immunosuppressant, which serves
as a key factor predicting major infections. Our finding
indicated that the predisposition to infection among
newly diagnosed SLE is more likely attributed to the
immune function impairment of SLE per se.*! Our study
underscored the notion that major infection is a signif-
icant complication with a strong prognostic implication
in the early phase (<4 months) of hospitalised patients
with newly diagnosed SLE. Our risk prediction model

might be helpful to sort out high-risk patients. Further-
more, the profile of major infections in our hSLIC
revealed that the most common infection sites were lung,
blood, skin and soft tissue. Likewise, bacterial, fungal
and viral infections were the top three pathogens.” **
Therefore, prompt recognition of infection and empir-
ical antimicrobial treatment might be a logical strategy
for high-risk patients. Appropriate vaccination (such as
recombinant zoster vaccine for herpes zoster infection)
and antimicrobial prophylaxis (such as trimethoprim-
sulfamethoxazole for P. jirovecii infection®™) should be
considered as important parts of the strategy to minimise
the risk of major infections.

Our study had several limitations, of which the gener-
alisability issue ought to be underscored. The results
from our hSLIC cohort should not be extrapolated
to all patients with newly diagnosed SLE, especially for
those with relatively mild disease. In addition, with only
5% adolescent-onset SLE in the cohort, our conclusions
should not be extrapolated to juvenile populations. Itis a
single-centre study without external validation. Moreover,
the absence of vaccination status evaluation, particularly
under the pressure of COVID-19 pandemic; and the lack
of antibiotics prophylaxis protocol, which all should be
placed in the future research agenda. Nevertheless, our
data shed some light to better understand the pattern
and risk factors of major infections in newly diagnosed
severe SLE.
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