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Abstract

The objective of this study is to investigate the current situation of hospital-acquired infection (HAI) in lupus patients from a
southern Chinese population. A case-control study was performed. Data from Jan. 2007 to Jan. 2017 were collected. Each lupus
patient with HAI was compared with two control individuals without infection selected from the same period of time. Three
hundred and sixty episodes of HAI were analyzed. The average Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI) score at admission was 13.2+7.2. The respiratory tract (58.8%) was most commonly involved, followed by the
bloodstream (10.9%). Most episodes were bacteria-associated (50.0%), followed by viral infection (34.8%) and fungal infection
(15.2%). Pathogenic bacteria were isolated in 87 episodes, among which 60 episodes were gram-negative bacteria (GNB)-
related. Multidrug-resistant strains were detected in 46.4% of bacterial isolates. Fungi were isolated in 49 episodes. Candida
albicans (46.9%) was the leading pathogen. Fifty-four episodes of virus infection were confirmed. In multivariate analysis,
SLEDAI score (OR 1.1,95% CI 1.1-1.2, P < 0.001), lupus nephritis (OR 3.7, 95% CI 2.7-5.1, P < 0.001), high dose of GC (OR
2.7,95% C11.8-3.9, P <0.001), and treatment with CYC (OR 2.9, 95% CI12.1-4.0, P < 0.001) were risk factors for HAI. HAI in
Chinese lupus patients had a unique epidemiology feature, which was characterized by common respiratory tract and blood-
stream involvement and predominance of GNB with a high drug resistance rate. A variety of new pathogens including fungi and
viruses emerged in the HAI patients. A history of nephritis or a higher SLEDAI score in SLE patients predicted HAI. Moreover,
treatment with high dose of GC and CYC was also the main risk factor for HAL
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease caused by immune system disorders. Infection is the most
important cause of mortality in patients with SLE [1, 2]. A
large retrospective study revealed that approximately 50% of
lupus patients had experienced one serious infection, and 20%
had two or more [3]. Our latest research also demonstrated
that infection occurred in 34.6% of the lupus patients and
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about a quarter had at least two episodes of infection [4].
Study on lupus patients from the “Euro-Lupus Project” re-
vealed that active SLE and infection (28.9%, each) appeared
to be the first two causes of death within the initial 5 years of
disease onset [1]. A study done recently in China, analyzing
the cause of death in 3831 hospitalized patients with SLE from
1986 to 2012, demonstrated that infection (37.3%) was the
biggest threat during the past 26 years [5].

According to the origin of pathogenic organisms, infection
can be divided into two categories, namely community-
acquired infection and hospital-acquired infection (HAI).
Infection occurring in a hospital is usually more difficult to
treat due to the complexity of environmental settings and path-
ogens. SLE per se entails several immunologic disorders, such
as hyposplenism, hypocomplementemia, and altered innate
and adaptive immune system, predisposing individuals to in-
fection [6, 7]. Besides, medications used to treat active SLE,
such as high dose of glucocorticoids (GC) and immunosup-
pressive drugs, have been shown to be independent risk
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factors for infection in hospitalized patients with SLE [3].
Therefore, HAI is a major complication in SLE. However,
data about HAI in Chinese lupus patients were lacking. The
objectives of this study were to determine the incidence, type,
and outcomes of HAI in lupus patients; to discover the infec-
tive organisms and their antibiotic resistance pattern; and to
identify risk factors for HAIL

Materials and methods

Patients and data collection We performed a case-control
study using medical records from the First Affiliated
Hospital of Sun Yat-Sen University from Jan. 2007 to
Jan. 2017. Each lupus patient with HAI was compared with
two control individuals without infection selected from the
same period of time. Diagnosis of SLE was made according
to the revised American College of Rheumatology (ACR)
criteria [8]. Disease activity at admission was retrospectively
measured using the Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI) score according to the medical re-
cords [9]. The infective condition was systematically checked.
Patients who were lost to follow-up or without complete re-
cords were excluded. Hypoalbuminemia was defined as level
of serum albumin lower than 35 g/L. Leukopenia was defined
as total white blood cell count less than 4000/mm” on two or
more occasions. In a retrospective chart review, we recorded
leukopenia only if it was clinically attributed to active SLE but
not to severe infection or adverse effect of medications.
Anemia was defined as hemoglobin level lower than 110 g/
L in female and 120 g/L in male. Thrombocytopenia was
defined as platelet count less than 100,000/mm3, precluding
other identifiable causes. Patients with hematological impair-
ment due to disease activity or hypoalbuminemia due to im-
munosuppressant treatment were excluded. Usage of GC and
immunosuppressants within 1 month prior to the occurrence
of HAI was recorded. The dose of GC was converted using the
following equation: 1 mg of prednisolone = 0.8 mg of meth-
ylprednisolone = 0.15 mg of dexamethasone.

Definition of infection HAI was defined as infection acquired
in a hospital or infection which originates in a hospital but
displays symptoms after discharge. Accordingly, infection
happening 48 h after admission was considered HAI in our
study. Bacterial infection was diagnosed on the basis of clin-
ical manifestations, radiographic imaging, laboratory test re-
sults such as white blood cell count, and treatment response to
antibiotic therapy. Body fluid samples from suspected sites of
infection such as sputum, blood, or urine were collected for
pathogen detection. Bacterial infection was confirmed if a
pathogen was identified by microscopy or culture; otherwise,
it was diagnosed according to clinical findings. Drug

@ Springer

sensitivity analysis was performed using the BD Phoenix
Automated Microbiology System (BD Diagnostic Systems).

Invasive fungal disease (IFD) was diagnosed according to
the 2008 European Organisation for Research and Treatment
of Cancer/Invasive Fungal Infections Cooperative Group and
the National Institute of Allergy and Infectious Diseases
Mycoses Study Group Consensus Group criteria [10].
Diagnosis of oral candidiasis was made according to the pres-
ence of classic pseudomembranous lesions characterized by
creamy white, curd-like patches on the tongue or oral mucosa
[11].

Acute viral infection was diagnosed on the basis of (i)
clinical features (e.g., prolonged fever, pharyngitis, arthralgia,
cutaneous rash, acute hepatitis, or gastroenteritis); (ii) specific
radiographic findings (e.g., interstitial pneumonia) highly sug-
gesting acute viral infection; (iii) elevated titers of virus-
specific immunoglobulin (Ig) M and subsequent IgG, or en-
hancing replication of virus nucleic acid confirmed by poly-
merase chain reaction (PCR) assay; and (iv) improvement
after anti-virus therapy. In particular, since symptoms of
Herpes zoster infection are relatively specific, diagnosis of
Herpes zoster infection was clinically established if the patient
presents painful skin rashes with blisters in a localized area.
Virology test for Herpes zoster infection is not necessarily
required. Mumps is diagnosed once a patient displays a swell-
ing parotid in the absence of other viral infections, suppurative
infection, tumors, salivary stones, Mikulicz’s disease, or sec-
ondary Sjogren’s syndrome, with serum test for mumps IgM
positive within 5 days after disease onset.

Statistical analysis Statistical analyses were performed using
the SPSS 16.0 package. Quantitative variables were described
as mean =+ standard deviation and analyzed by ¢ test.
Categorical variables were described as frequency and per-
centage. Two-by-two tables were analyzed by the chi-square
or Fisher exact test, as appropriate. Odds ratios (OR) and
corresponding 95% confidence intervals (CI) of the variables
with a P<0.1 in univariate analysis were adjusted by multi-
variate logistic regression analysis to identify the risk factors
associated with HAIL. A P<0.05 was considered to be statis-
tically significant.

Results

Demographic data Records for 3956 lupus patients were
reviewed. Three hundred and thirty-four patients with HAI
were identified, 54 male and 280 female included. The mean
age was 34.6 £15.3 years. The incidence rate of HAI was
9.1%. Patient characteristics are shown in Table 1.
Considering some patients were admitted to the hospital more
than once, a total of 360 episodes of infection were analyzed.
The average duration of SLE was 36.4 +56.8 months. The
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Table 1 Clinical characteristics
of lupus patients with HAI and

without infections

Features HAI (n=360) None infected (n = 720) P
Baseline characteristics
Age (years), mean = SD 346+153 35.0+9.4 0.9
Duration of SLE (months), mean + SD 36.4+56.8 37.4+49.5 0.1
Hospital stays (days), mean £+ SD 26.1+16.3 15.5+£9.3 <0.001
SLEDAI at admission, mean = SD 13.6+3.8 94+59 <0.001
Clinical manifestation at admission
Leukopenia, n (%) 63 (17.5) 129 (17.9) 0.9
Anemia, n (%) 277 (76.9) 520 (70.8) 0.1
Thrombocytopenia, n (%) 60 (16.7) 84 (11.7) 0.03
Hypoproteinemia, n (%) 281 (78.1) 405 (56.2) <0.001
Renal involvement, n (%) 287 (79.7) 417 (57.9) <0.001
Lung disease, n (%) 16 (4.4) 37(5.1) 0.6
Neuropsychiatric manifestations, 7 (%) 42 (11.7) 73 (10.1) 04
GIT involvement, n (%) 13 (3.6) 28 (3.9) 0.8
Lab data at admission
ANA positive, 1 (%) 325 (90.3) 702 (97.5) 0.9
Anti-dsDNA positive, n (%) 254 (70.6) 513 (71.3) 0.8
Anti-SM antibody positive, n (%) 73 (20.3) 141 (19.6) 0.8
ACL-IgG, n (%) 64 (17.8) 136 (18.9) 0.7
ACL-IgM, n (%) 43 (11.9) 79 (11.0) 0.6
Decreased C; complement levels, n (%) 258 (71.7) 520 (72.2) 0.8
Medication before infection (n, %)
Glucocorticoids, 1 (%) 357 (99.2) 714 (99.2) 1.0
Average GC dose, mg/day, median 0.8 04 <0.001
Cyclophosphamide, 7 (%) 150 (41.7) 149 (20.7) <0.001
Mycophenolate mofetil, n (%) 104 (28.9) 213 (29.6) 0.8
Cyclosporine, 1 (%) 46 (12.8) 78 (10.8) 0.3
Tacrolimus, 7 (%) 24 (6.7) 51(7.1) 0.8
Methotrexate, n (%) 19 (5.3) 41 (5.7) 0.9
Azathioprine, n (%) 13 (3.6) 23 (3.2) 0.7
Leflunomide, n (%) 9 (2.5) 15(2.1) 0.7

ACL, anticardiolipin; ANA, antinuclear antibody; C3, complement 3; CRP, C-reactive protein; dsDNA, double-
stranded DNA; GIT, gastrointestinal tract; SLE, systemic lupus erythematosus; SLEDAI, Systemic Lupus

Erythematosus Disease Activity Index

average SLEDAI score at admission was 13.2+7.2, indicat-
ing high disease activity. Leukopenia was present in 17.5% of
the cases. GC and cyclophosphamide (CYC) were the main
medications, which were prescribed to 99.2 and 41.7% of the
patients, respectively. The average dose of prednisone within
1 month prior to HAI was 0.8 mg/kg/day. Fifteen out of 360
patients (4.2%) received more than one immunosuppressive
drugs. Twenty patients (5.6%) were sent to the intensive care
unit (ICU) because of severe infection.

Sites of infection The respiratory tract was the most affected
site. Upper respiratory tract infection (147 episodes) and pneu-
monia (120 episodes) accounted for 58.8% of the infection
episodes. Bloodstream infection (51 episodes) was in the third
place, accounting for 11.2%. Other affected sites included the

skin/soft tissue (47 episodes), genitourinary tract (46 epi-
sodes), oral cavity (21 episodes), and gastrointestinal tract
(17 episodes). Infection involving the central nervous system
(3 episodes) was relatively rare. In particular, 76 episodes had
concurrent infection in two sites, and 9 episodes in three sites.

Pathogen distributions (bacterial infections and fungal infec-
tions) Four hundred and twenty samples, including throat
swab, sputum, blood, urine, stool, secretion, cerebrospinal
fluid, and soft tissue, were sent for pathogenic organism cul-
ture. Pathogen distributions are shown in Table 2. Bacterial
infection was confirmed in 87 episodes based on positive cul-
ture and classified as probable in 140 episodes based on clin-
ical judgment. Among the isolated bacteria, 27 episodes were
gram-positive and 60 episodes were gram-negative.
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Table 2 Causal agents in lupus

Organisms (1)

patients with HAI Type
Bacteria Gram negative
(n=87) (n=1060)
Gram positive
(n=27)
Fungus
(n=49)
Virus
(n=54)

Escherichia coli (20), Klebsiella pneumoniae (11), Acinetobacter baumannii

(9), Pseudomonas aeruginosa (7), Enterobacter cloacae (6), Acinetobacter
ursingii (1), Salmonella muenchen (2), Enterobacter aerogenes (2),
Salmonella blegdam (1), Haemophilus influenzae (1)

Staphylococcus aureus (9), coagulase-negative staphylococci (7),

Enterococcus faecium (3), Streptococcus gallolyticus (2), Micrococcus
kristinae (2), Enterococcus faecalis (2), Gram-Positive Rods (2)

Candida albicans (23), Candida tropicalis (12), Candida glabrata (9),

Aspergillus fumigatus (3), Penicillium marneffei (2)

Herpes zoster (24), Cytomegalovirus (12), influenza (10), Herpes simplex (6),

Mumps virus (2)

Escherichia coli were the most common gram-negative bac-
teria (GNB) (33.3%), followed by Klebsiella pneumoniae
(18.3%), and Acinetobacter baumannii (15%). As for gram-
positive bacteria (GPB), Staphylococcus aureus (33.3%) and
coagulase-negative staphylococci (CNS) (25.9%) were the
main pathogens. Besides, 49 episodes were fungus-related.
About 89.8% of fungal infections was caused by Candida
spp. (44 episodes), followed by Aspergillus (3 episodes) and
Penicillium marneffei (2 episodes). Sites of Candida spp. in-
fection included the oral cavity (21 episodes), esophagus (15
episodes), and urinary tract (8 episodes). Compared with bac-
terial infection, fungal infection tended to develop at the
early stage of SLE. The SLEDALI score and incidence rate
of neuropsychiatric lupus were higher in lupus patients
with fungal infection. Moreover, intravenous (IV) pulse
methylprednisolone was more frequently used in lupus pa-
tients who developed fungal infection. No difference was
found in age, other organ involvement, or other medica-
tions (Table 3).

Viral infection and associated factors Nonspecific viral infec-
tion was diagnosed in 104 episodes. Fifty-four episodes of virus
infection were confirmed by either elevated titers of virus-
specific IgM and subsequent IgG, or high levels of virus nucleic
acid replication accompanied with clinical findings. Herpes
zoster infection was diagnosed in 24 episodes, cytomegalovirus
(CMV) infection in 12 episodes, influenza infection in 10 epi-
sodes, and herpes simplex infection in six episodes. Two pa-
tients had Mumps virus infection. Within 1 month prior to viral
infection, 23 patients (95.8%) were on GC treatment with an
average dose of 0.8 mg/kg/day. IV pulse CYC, mycophenolate
mofetil, methotrexate, and azathioprine were administered to
ten (41.7%), six (25.0%), two (8.3%), and one (4.2%) patients,
respectively. IV CYC was more frequently used (41.7 vs
20.1%, P <0.001), and the average dose of GC was also higher
(0.8 vs 0.3 mg/kg/day, P<0.001) in lupus patients with viral
infection compared with the control group. No significant dif-
ference was found in other treatment, including mycophenolate
mofetil, methotrexate, and azathioprine.
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Factors associated with HAI in patients with SLE A compari-
son of characteristics between patients with and without HAI
is shown in Table 1. The SLEDALI score at admission in pa-
tients with HAI was higher than that in patients without infec-
tion. With regard to clinical features, the incidence rate of
thrombocytopenia, hypoproteinemia, and renal involvement
was higher in patients with HAI. Moreover, patients with
HALI received higher dose of CYC and GC. In multivariate
analysis, the SLEDAI score (OR 1.1, 95% CI 1.1-1.2,
P <0.001), lupus nephritis (OR 3.7, 95% CI 2.7-5.1,
P <0.001), high dose of GC (OR 2.7, 95% CI 1.8-3.9,
P<0.001), and treatment with CYC (OR 2.9, 95% CI 2.1-
4.0, P<0.001) were risk factors for HAI (Table 4).

Drug resistance patterns of the main isolated bacteria All the
pathogenic bacteria isolated were analyzed for drug sensitivity
in vitro. Results of the first three types of the gram-negative
bacteria (GNB) and first two types of GPB are shown in
Table 5. Multidrug-resistant (MDR) strains were detected in
46.4% (26/56) of bacterial isolates. Extended-spectrum (3-
lactamase (ESBL) was produced mainly in E. coli (9/20,
45.0%) and K. pneumoniae (3/11, 27.3%). What was so as-
tounding was that Enterobacter cloacae, which was resistant
to carbapenem, accounted for 5.0% (1/20) of the cases. The
proportion of extensively drug-resistant Acinetobacter
baumannii (XDRAB) was 77.8% (7/9). Two strains of
methicillin-resistant S. aureus (MRSA) (2/9, 22.2%) and five
strains of methicillin-resistant CNS (MRCNS) (5/7, 71.4%)
were found.

Disease mortality related to HAI Patients who died of severe
infection were analyzed. Infection sites and pathogens are
shown in Table 6. Twelve deaths were estimated, among
which seven patients had infection caused by mixed patho-
gens, and five patients had disseminated infection involving
more than one organ. Severe pneumonia and sepsis were two
main causes of mortality. In the control group, eight patients
died during the study period, among which three died of renal
involvement, two of interstitial lung disease, one of lupus
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Table 3 Clinical characteristics
of bacterial infections and fungal Features Bacterial infections Fungal infections P
infections in HAI patients
N 227 69
Baseline characteristics
Age (years), mean = SD 33.6+14.3 34.6+104 0.9
Duration of SLE (months), mean + SD 38.8+50.7 23.6+39.3 0.02
SLEDAI at admission, mean = SD 12.7+3.3 17.1+£3.3 <0.001
Clinical manifestation at admission
Leukopenia, n (%) 63 (17.5) 14
Anemia, n (%) 151 (67.1) 49 (71.0) 0.5
Thrombocytopenia, n (%) 39(17.2) 14 (20.3) 0.6
Hypoproteinemia, n (%) 161 (70.9) 50 (72.5) 0.8
Renal involvement, 1 (%) 163 (72.1) 53 (76.8) 04
Lung disease, n (%) 11 (4.8) 4(5.8) 0.8
Neuropsychiatric manifestations, 7 (%) 20 (8.8) 18 (26.1) <0.001
GIT involvement, n (%) 73.1) 5(7.2) 0.2
Lab data at admission
ANA positive, 1 (%) 219 (96.5) 65 (94.2) 0.5
Anti-dsDNA positive, n (%) 220 (96.9) 66 (95.7) 0.7
Anti-SM antibody positive, n (%) 55(24.2) 15 (21.7) 0.7
ACL-IgG, n (%) 43 (18.9) 13 (18.8) 1.0
ACL-IgM, n (%) 23 (10.1) 7 (10.1) 1.0
Decreased C; complement levels, n (%) 152 (67.0) 54 (78.3) 0.1
Medication before infection (n, %)
Glucocorticoids, 1 (%) 225 (99.1) 68 (98.6) 0.6
Average GC dose, mg/day, median 0.8 0.8 0.5
Methylprednisolone pulse, 1 (%) 11 (4.8) 10 (14.5) 0.01
Cyclophosphamide, n (%) 71 (24.7) 29 (33.0) 0.1
Mycophenolate mofetil, n (%) 67 (29.5) 23 (33.3) 0.5
Cyclosporine, 1 (%) 24(10.6) 8 (11.6) 0.8
Tacrolimus, 7 (%) 13 (5.7) 5(7.2) 0.6
Methotrexate, n (%) 10 (4.4) 4 (5.8) 0.7
Azathioprine, n (%) 6(2.8) 34.3) 0.5
Leflunomide, n (%) 5(2.2) 229 0.7
encephalopathy, one of cardiovascular disease, and one of  Discussion

multiple-organ failure. Mortality was higher in HAI patients
than those without any infection (3.3 vs 1.1%, P= 0.004).

Table 4  Association of different characteristics associated with HAI:
results of multivariate analysis

Characteristics P value OR OR 95% CI
SLEDAI score <0.001 1.1 1.1-1.2
Lupus nephritis <0.001 3.7 2.7-5.1
High dose of GC <0.001 2.7 1.8-3.9
Treatment with CYC <0.001 2.9 2.1-4.0

HAI, hospital-acquired infection; OR, odds ratios; CI, confidence inter-
vals; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index;
GC, glucocorticoids; CYC, cyclophosphamide

Infection has emerged as the leading cause of mortality in
SLE. Lupus patients, who are hospitalized because of high
disease activity and need intensive immunosuppressive thera-
py, are predisposed to HAI. However, there is limited knowl-
edge on the HAI profile in such population. Our study showed
that the incidence rate of HAI was as high as 9.1%, consistent
with another report (11.7%) [12]. We further analyzed the
infection patterns. The respiratory tract was frequently in-
volved, followed by the circulatory system. Bacteria, GNB
in particular, were predominant. MDR strains, XDR strains,
and even CRE strains were detected. Severe infection caused
by mixed pathogens or involving multiple sites was usually
fatal. It seems clear that HAI increased the mortality of hospi-
talized patients with SLE. The analysis of HAI in lupus
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Table 5 Drug resistance patterns of the main isolated bacteria
Gram-negative bacteria (resistant strains) Gram-positive bacteria (resistant strains)
E. coli K. pneumoniae Acinetobacter baumannii S. aureus CNS
N 20 11 9 N 9 7
Antibiotic Antibiotic
Imipenem 1 2 7 Vancomycin 0 0
Ertapenem 1 2 7 Linezolid 0 0
Amikacin 2 1 i Tigecycline 0 0
Gentamicin 8 3 8 Rifampicin 1 1
Ceftazidime 5 1 8 Gentamicin 2 1
Ceftriaxone 10 4 9 Levofloxacin 2 3
Cefepime 4 3 8 Moxifloxacin 1 1
Aztreonam 9 4 9 Ciprofloxacin 2 3
Levofloxacin 11 1 7 Clindamycin 5 2
Ciprofloxacin 13 2 9 Oxacillin 3 6
Ampicillin 16 8 9 Erythromycin 6 5
Piperacillin/tazobactam 1 8 Penicillin 9 8
Cefoperazone/sulbactam 2 2 7
Amoxicillin/clavulanic acid = 3 9
Sulfamethoxazole/trimethoprim 12 5 8
Tobramycin 3 2 9
Tigecycline = _t 2

*Resistance of Escherichia coli to amoxicillin/clavulanic acid or tigecycline was not analyzed

TResistance of Klebsiella pneumoniae to tigecycline was not analyzed

1Resistance of Acinetobacter baumannii to amikacin was not analyzed

patients is of great significance and may help to guide clinical
treatment in order to prolong long-term survival and improve
life quality.

In our research, the respiratory tract, including the upper
respiratory tract and lungs, was the most commonly affected
site. The incidence rate of respiratory infection (58.8%) was

higher than that reported in another study (27%) [13].
Difference in disease activity and treatment regimen could
explain this discrepancy. The incidence rate of bloodstream
infections ranked third on the list, which is much higher than
that of community-acquired infection [4, 13]. Immunity dys-
regulation, greater vascular permeability, and frequent

Table 6 Analysis of lupus

patients with fatal HAI Pathogens

Infection site Number

Single pathogen
Escherichia coli
Penicillium marneffei
Cytomegalovirus

Mixed pathogens

Staphylococcus hominis + gram-positive bacilli

Acinetobacter baumannii + Candida albicans

Staphylococcus epidermidis (MRSE) + Acinetobacter baumannii
Acinetobacter baumannii (XDRAB) + Aspergillus fumigatus
Aspergillus fumigatus + Herpes zoster + Escherichia coli (ESBL)
Aspergillus fumigatus + Escherichia coli (CRE)

Staphylococcus (MRSCON) + Staphylococcus aureus (MRSA)

Generalized infection
Total

Bloodstream
Disseminated
Lung

Bloodstream

Lung

Lung

Lung

Lung + skin + bloodstream
Lung + bloodstream

Lung

N RN — m e e ] e = W
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invasive intervention (e.g., intravenous injection) may all pre-
dispose patients to bloodstream infection. Therefore, it is not
surprising that pneumonia and sepsis are the leading causes
for which lupus patients are admitted to the ICU [14]. Some
are even fatal. In our research, 9/12 deaths were attributed to
severe pneumonia, sepsis, or co-infection. About 23.6% of the
episodes had concurrent infection involving two organs or
more, and 4/12 deaths were attributed to multiple-site infec-
tion. The incidence rate of HAI with multiple-organ involve-
ment is even higher in another study [13], suggesting that HAI
in lupus patients is usually more severe and difficult to treat.

Most HAI were caused by GNB, which are also the pre-
dominant pathogens that cause infection in lupus patients in
other Asian countries [15, 16]. In our research, the common
pathogens such as E. coli, K. pneumoniae, and Acinetobacter
baumannii were resistant to ceftriaxone, levofloxacin, cipro-
floxacin, and ampicillin. According to antibiotic resistance
reports, these antibiotics may not be the first choice to treat
HALI in lupus patients in the southern region. Antimicrobial
regimen should be reassessed on the basis of bacterial culture
results. Due to widespread use, or abuse in some circum-
stances, of antibiotics, the carbapenem resistance rate in
GNB seems to keep increasing [17, 18]. Acinetobacter
baumannii was the main strain which developed carbapenem
resistance. Besides, Acinetobacter baumannii isolated in two
cases were resistant to tigecycline. Considering the drug resis-
tance rate of GNB is still increasing, the analysis of infection
patterns is necessary to guide antibiotic preference. Different
from another report [12], Salmonella spp. were seldom found.
It could be due to the difference in sanitary conditions and
dietary habits. As for GPB, S. aureus and CNS, as two leading
pathogens, were all sensitive to vancomycin, linezolid, and
tigecycline. Therefore, vancomycin or linezolid is still the first
choice to treat GPB-associated HAI in lupus patients. In order
to reduce the drug resistance rate, tigecycline, which is also
toxic to GNB, is not suggested as the first-line treatment.

In our research, 25.8% of the HAI were fungus-related.
Consistent with another report, the majority were caused by
either Candida spp. or Aspergillus [19]. As a source of oppor-
tunistic infections, Candida albicans is most commonly seen
in our research. Infection with Candida albicans may occur in
the oral cavity, gastrointestinal tract, or genitourinary tract.
Fungal pneumonia is usually caused by invasive fungi includ-
ing Aspergillus (three episodes). In spite of the relatively low
incidence rate, fungal infection could be life-threatening. It
was responsible for 62.5% (10/16) of deaths according to
previous reports [5]. Mortality of IFD is also high (53%)
[20]. Therefore, fungal infection should be suspected when
lupus patients with pulmonary infiltrates show no improve-
ment after antibiotic therapy.

Virus infection is not rare in lupus patients with HAL
Herpes zoster is the most common, followed by
Cytomegalovirus (CMV). Compared with other autoimmune

diseases, the incidence rates of both Herpes zoster infection
and CMV infection are highest in lupus patients [21, 22]. In
particular, rapidly progressing CMV infection can be fatal. In
our previous research, 5/12 (41.7%) patients died of CMV-
associated interstitial pneumonia [22]. Patients with CMV in-
fection usually display typical symptoms, including persistent
fever, dyspnea, or diarrhea. However, it could be asymptom-
atic in some immunocompromised hosts. Since viruses such
as Herpes zoster or CMV could be in their latency and are
reactivated when a patient is in an immunosuppressive state,
vaccines to protect immunocompromised individuals from
Herpes zoster infection can be considered. Unfortunately, no
conclusions have been made on whether preemptive anti-
CMYV therapy should be prescribed in patients who are sero-
logically positive but asymptomatic. In our research, patients
were treated with anti-virus medications once CMV infection
was highly suspected (i.e., symptoms + typical imaging + no
improvement to antibiotics). Further research is needed to
evaluate the efficacy of prophylactic anti-CMV therapy in
hospitalized lupus patients.

Of note, fungal infection occurs at the early stage of
SLE. Patients with fungal infection commonly have high
disease activity and nervous system involvement and re-
ceive IV pulse methylprednisolone therapy. Similar results
have been shown in other studies [20, 23]. Moreover, we
found that patients with viral infection received higher
doses of CYC and GC. In the present research, consistent
with previous studies, major organ involvement, such as
renal involvement, and high disease activity defined by
the SLEDAI score are predisposing factors for HAI. We
also found a significant association between the onset of
HAI and treatment strategy. This finding was comparable
with other reports [24]. Our study highlights the impor-
tance of disease control to prevent HAI. Intensive therapy,
including IV CYC and a high dose of GC, could increase
the risk of HAIL Our study suggests that alternative therapy
should be considered when disease achieves remission.
Treatment strategy to control disease activity and reduce
the risk of HAI at the same time remains a challenge.

HAI is common in lupus patients and remains one of the
primary causes of mortality. There are some notable features
of HAI in Chinese lupus patients, including a high incidence
rate of respiratory tract and bloodstream involvement and pre-
dominance of GNB with a high drug resistance rate. A variety
of new pathogens including fungi and viruses emerged in the
HALI patients. Hospitalized lupus patients, who have major
organ involvement or high disease activity, or receive high
doses of GC and IV CYC, are prone to the development of
HAI To our knowledge, this could be the first report to inves-
tigate the current situation of HAI in lupus patients from a
southern Chinese population. Empirical antibiotic therapy
should be guided by local bacteriological surveillance reports
and drug sensitivity analysis.
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