
O R I G I N A L  R E S E A R C H

Clinical Characteristics and Associated Factors for 
Infection and in-Hospital Mortality in Inpatients 
with Polymyositis/Dermatomyositis in China: 
A Retrospective Study
Minxi Lao 1,2,*, Hui Ouyang3,*, Nannan Li1, Hao Li1, Peiyin Dai1, Zhongping Zhan1, Dongying Chen1

1Department of Rheumatology, the First Affiliated Hospital of Sun Yat-sen University, Guangzhou, People’s Republic of China; 2Department of 
Geriatrics, the First Affiliated Hospital of Sun Yat-sen University, Guangzhou, People’s Republic of China; 3Department of Digestive Medicine Center, 
the Seventh Affiliated Hospital of Sun Yat-Sen University, Shenzhen, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Dongying Chen; Zhongping Zhan, Department of Rheumatology, the First Affiliated Hospital of Sun Yat-sen University, 58 
Zhongshan 2nd Road, Guangzhou, 510080, People’s Republic of China, Email chendy3@mail.sysu.edu.cn; zhanchuyue@163.com 

Purpose: To investigate the clinical features of infection, and associated factor for in-hospital mortality in a southern Chinese cohort 
with polymyositis/dermatomyositis (PM/DM).
Patients and Methods: Clinical data were retrospectively reviewed from 2015 to 2022 from a tertiary hospital in southern China. 
Associated factors for infection and in-hospital mortality were analyzed by multivariate logistic regression analysis.
Results: A total of 554 patients with PM/DM were included, and 35.6% (197/554) of them developed 404 episodes of infection. Half 
of the patients developed infection within 4 months after disease onset. Bacterial infection was predominant (249/404, 61.6%). Lung 
was the most involved (242/404, 59.9%). Gram-negative bacteria the leading pathogens (64/84, 76.2%). Patients with anti-MDA5 
positive were prone to develop severe infections (35.1% vs 16.4%, P<0.001) and had higher mortality (11.7% vs 3.4%, P=0.01). The 
in-hospital mortality was 6.5% (36/554). Infection was the leading cause of death (20/36, 55.6%). Older age (adjusted odds ratio (OR): 
1.05, 95% confidential interval (CI): 1.02–1.09, P=0.004), ILD (adjusted OR: 2.76, 95% CI: 1.11–6.84, P=0.03), number of episodes 
of infection (adjusted OR: 1.91, 95% CI: 1.53–2.38, P<0.001), and elevated serum creatinine (Scr) (adjusted OR: 6.83, 95% CI: 1.77– 
26.40, P=0.01) were associated with in-hospital mortality.
Conclusion: Infection is an early complication in PM/DM with a high proportion of lung involvement and predominance of gram- 
negative bacteria. It is a major contributor to in-hospital mortality. Older age, ILD, and number of episodes of infection are associated 
with poor prognosis.
Keywords: dermatomyositis, polymyositis, infection, MDA5, mortality

Introduction
Polymyositis/dermatomyositis (PM/DM) is an autoimmune disease characterized by muscular inflammation and weak
ness. The acute onset of the disease, sometimes with rapid progression, calls for intensive anti-inflammatory treatment 
including high doses of glucocorticoids (GC) and immunosuppressants. In return, visceral involvement such as interstitial 
lung disease (ILD) and intensive treatment renders patients with PM/DM more vulnerable to infection.

Infection remains to be a paramount concern in the management of PM/DM. A population-based retrospective study 
including 15,407 hospitalizations with PM/DM in the USA revealed infection is the strongest predictor of hospital 
mortality in PM/DM, leading to 4.2-fold increase in the odds of death.1 A Chinese study analyzing 63 deceased patients 
with PM/DM showed that pulmonary infection alone accounted for 34.9% of the cases, and 25.4% of the patients died of 
pulmonary infection combined with ILD exacerbation.2 Despite of concerted efforts to mitigate the infection risk, 
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infection remains to be a major cause of death in PM/DM. In this study, we performed a retrospective study in a large 
sample of patients, aiming to investigate the clinical features and identify the associated factors for infection and in- 
hospital mortality in PM/DM.

Patients and Methods
Study Design
We performed a retrospective study on consecutive inpatients admitted to the First Affiliated Hospital of Sun Yat-Sen 
University from January 1st, 2015, to January 1st, 2022. Discharge diagnosis was screened by the 10th version 
International Classification of Disease 10 (ICD-10) for PM/DM (Appendix 1). Medical records were reevaluated by 
two independent investigators (N. Li & P. Dai). Patients aged over 18 years old and diagnosed as probable or definite 
idiopathic inflammatory myopathy (IIM) according to the 2017 EULAR/ACR criteria3,4 were included. Patients were 
further categorized as DM or PM in the presence or absence of typical rash such as heliotrope rash, Gottron’s papules, or 
Gotton’s sign. Patients with or without infection were further compared. Deceased patients during hospitalization were 
recorded and the in-hospital mortality rate (I-HMR) was analyzed. Patients who were diagnosed with overlap syndrome, 
pregnant, or admitted for other reasons that were unrelated to PM/DM and its complications were excluded.

Definition
Definition of Infection
Infection was defined as stated previously.5 Bacterial infection was diagnosed based on clinical manifestations, micro
biological findings, laboratory data, radiographic imaging, and response to antibiotics. Invasive fungal disease (IFD) was 
diagnosed according to the 2008 European Organization for the 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.6 Fungal infection only involving the skin, genitalia, and the oral cavity was considered as 
a superficial fungal infection.7 Pneumocystis jirovecii pneumonia (PJP) was considered probable on the basis of typical 
clinical, radiographic manifestations and laboratory results. If etiological evidence from pathological staining or next- 
generation sequencing was present, PJP was confirmed.8 Colonized bacteria or fungi were considered pathogenic if they 
were isolated from repeated cultures combined with clinical symptoms that cannot be explained otherwise. Acute viral 
infection was determined according to (i) clinical features; (ii) typical radiographic manifestations; (iii) elevated titers of 
virus-specific IgM and subsequent IgG or enhanced replication of virus nucleic acid confirmed by polymerase chain 
reaction (PCR) assay; and (iv) improvement after anti-virus therapy. Cytomegalovirus (CMV) infection is defined as the 
presence of CMV replication in tissue, blood, or other bodily fluids regardless of symptomatology.9 Positive CMV 
replication is considered in the case of positive detection of CMV pp65 antigen, replication of CMV nucleic acid > 500 
copies/mL, or positive viral culture. In patients with ILD, pulmonary infection was diagnosed based on clinical 
symptoms (eg, fever, sputum), infection indicators (eg, elevated white blood cells, procalcitonin), radiographic manifes
tations (eg, increased infiltrates), bronchoscopic findings, and microbial culture. Since this is a retrospective study, 
treatment response was also taken into consideration. Severe infection was defined as an infection that results in death, 
requires intravenous antimicrobial medication or advanced life support.10 Infection with one kind of pathogen in one site 
was counted as one episode. Accordingly, increasing episodes of infection included multiple infections during the same 
time and recurrent infections at different time points.

ILD
ILD secondary to PM/DM was determined by chest high-resolution computed tomography (HRCT) as described 
previously.11 The HRCT images were independently reviewed by two rheumatologists (M. Lao & D. Chen) well- 
trained in the interpretation of chest CT images and blinded to the patients’ baseline data. ILD caused by other diseases 
such as infection, chronic obstructive pulmonary disease (COPD), lung injury, and drug exposure were not included.
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Causes of Death
The causes of death were categorized as: 1) exacerbation of PM/DM, defined as non-infectious manifestations directly 
attributed to PM/DM, 2) infections, defined as microbiologically documented or clinically presumed infections, 3) 
concomitant infection and exacerbation of PM/DM, 4) other causes such as acute serious illness unrelated to PM/DM.

Clinical Data
Demographic and clinical data at admission were collected from the medical records. Disease course was counted from 
the onset of PM/DM-related symptoms to admission. Neutropenia was defined as an absolute neutrophil count < 2.0×109/ 
L. Lymphopenia was defined as peripheral blood lymphocyte count < 1.0×109/L. Anemia was defined as hemoglobin < 
120 g/L in males and hemoglobin < 110 g/L in females at sea level. Hypoalbuminemia was defined as a serum albumin 
level <3.5 g/dl. Elevated serum creatinine (Scr) was defined as Scr > 115 umol/L. Antinuclear antibodies were detected 
by indirect immunofluorescence. Other myositis-specific antibodies were detected by Western blot. Test for myositis- 
specific antibodies (MSA) and myositis-associated autoantibodies (MAA) was performed since 2017.

Therapeutic strategies were determined by 2 physicians (Z. Zhan & H. Li). Accumulated dose of GC in one month 
prior to admission was summed and converted to equivalent prednisolone (PSL) using the following equation: 1 mg of 
prednisolone = 0.8 mg of methylprednisolone. The use of immunosuppressants prior to admission was recorded, 
including cyclophosphamide (CYC), mycophenolate mofetil (MMF), tacrolimus (TAC), methotrexate.

Statistical Analysis
Statistical analysis was performed using SPSS 25.0 (SPSS Inc, Chicago, IL, USA). Normally distributed data were 
presented as mean ± standard deviation (SD), while nonnormal variables were expressed as median (interquartile range, 
IQR). Categorical variables were presented as frequency and percentage. Comparison between groups was evaluated 
with chi-square test or Fisher exact test for categorical variables and Student’s t-test for continuous variables with normal 
distribution. Between-group comparison was evaluated using the Mann–Whitney U-test for continuous variables with 
nonnormal distribution. Univariate logistic regression was performed on all variables, and clinically significant variables 
with a P value < 0.1 were adjusted by multivariate logistic regression analyses. The conditioned procedure was applied. 
A P value < 0.05 was considered statistically significant.

Ethics Approval
Ethics committee of the First Affiliated Hospital of Sun Yat-sen University approved the research (Approval number: 
2019422). Informed consents were obtained from the study participants. All the data collection followed the principle of 
confidentiality. This work was conducted according to the provisions of the Declaration of Helsinki.

Results
Characteristics of Infection
A total of 554 patients, including 401 with DM and 153 with PM were enrolled. The mean age was 49.3±15.3 years and 
36.3% were male. The median disease course was 6.0 months. A total of 197 (35.6%) patients developed 404 episodes of 
infection. Ninety-nine patients (50.3%) developed one episode of infection, 50 patients (25.4%) developed two episodes, 
and 48 patients (24.4%) developed three episodes or more. Half of the patients (99/197, 50.3%) developed infection 
within 4 months after disease onset. Severe infection accounted for 77% (311/404) of the episodes. Distribution of 
infective agents and infective sites are shown in Figure 1A and B.

Bacterial infections were predominant, accounting for 61.6% (249/404), followed by fungal infection (93/404, 
23.0%), and viral infection (54/404, 13.4%). Seven episodes of tuberculosis infection were diagnosed, of which six 
were pulmonary tuberculosis and one was skin tuberculosis. Lung is normally involved (242/404, 59.9%), including 1 
episode of aspiration pneumonia. Blood stream ranked the second (39/404, 9.7%). Microbial culture was performed in 
162 patients. The isolated agents are shown in Supplementary Table S1. A total of 84 strains of bacteria were isolated, 
mainly from sputum (n=38), blood stream (n=14), and urine (n=12). Gram-negative bacteria accounted for 76.2% (64/ 
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84). E.coli (13/64, 20.3%) and P.aeruginosa (11/64, 17.2%) were the leading strains. Gram-positive bacteria accounted 
for 23.8% (20/84). S.aureus was frequently found (9/20, 45.0%).

Fungal infection accounted for 93 episodes (23.0%). Superficial infection accounted for 41.9% (39/93) of the cases. 
The majority were candidiasis (38/39, 97.4%). One patient was infected by malasseziosis. Most of the infections 
occurred in oral cavity (36/39, 92.3%), followed by skin (2/39, 5.1%), and genital tract (1/39, 2.6%). IFD was diagnosed 
in 54 cases (54/93, 58.1%), including 31 cases of candidiasis (57.4%), 8 cases of aspergillosis (14.8%), 5 cases of PJP 
(9.3%), 5 cases of cryptococcosis (9.3%), 2 cases of penicilliosis (3.7%), 1 case of trichosporosis (1.9%), 1 case of 
fusariumsis (1.9%), and 1 case infected by Kodamaea ohmeri (1.9%). Infective sites included lung (23/54, 42.6%), 
urinary tract (15/54, 27.8%), digestive tract (13/54, 24.1%), eye (2/54, 3.7%), and blood stream (1/54, 1.9%). A total of 
68 strains of fungi were isolated, mainly from throat swabs (n=20), urine (n=15), stool (n=13), and sputum (n=9). More 
than half (53/68, 77.9%) were Candida spp. Eight strains (11.8%) of Aspergillus spp. were identified.

Viral infection was found in 54 (13.4%) episodes. Of note, 27 episodes (50.0%) were CMV infection, among which 
24 episodes were asymptomatic, and 3 episodes were cytomegalovirus pneumonia. Five cases (9.3%) were HSV 
infection, and 7 episodes (13.0%) were herpes zoster. The other eight episodes (14.8%) were nonspecific viral infections.

Comparison Between Patients with or Without Infection
Patients with infection were older (52.5±14.6 vs 47.5±15.5, P<0.001), more likely to have ILD (51.8% vs 38.1%, 
P=0.002), lymphopenia (56.3% vs 35.9%, P<0.001), anemia (42.1% vs 24.6%, P<0.001), hypoalbuminemia (59.9% vs 
43.1%, P<0.001), and received higher dose of PSL (300mg vs 150mg, P=0.01) than those without (Table 1).

Infection in Patients with Specific Myositis Antibodies
MSA/MAA were detected in 301 patients. Interestingly, the positive rate of anti-EJ (6.9% vs 1.0%, P=0.01) and anti-JO1 
(19.8% vs 9.5%, P=0.01) antibodies was higher in patients with infection. (Supplementary Table S2) Considering anti- 
MDA5-positive amyopathic dermatomyositis and anti-JO1 positive antisynthetase syndrome are two common subtypes 
in PM/DM, we further analyzed the infection patterns in these patients.

Patients with anti-MDA5 positive were more likely to develop infection, including increasing episodes (11.7% vs 
4.3%, P=0.02) and severe infection (35.1% vs 16.4%, P<0.001). The in-hospital mortality in patients with anti-MDA5 
positive was remarkably higher than those with anti-MDA5 negative (11.7% vs 3.4%, P=0.01). (Table 2) Major causes of 
death included infection (5/11, 45.5%) and the exacerbation of PM/DM combined with infection (4/11, 36.4%).

ILD was more common in patients with anti-JO1 positive (64.1% vs 45.4%, P=0.03). Patients with anti-JO1 positive were 
prone to develop severe infection (46.2% vs 28.2%, P=0.02). All-cause mortalities in the two groups were comparable (Table 2).

Figure 1 Distribution of infective agents and invective sites. (A) Pathogenic agents in all infection. (n=404) (B) Infective sites in all infection. (n=404). 
Abbreviation: CNS, central nerve system.
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Comparison Between Patients with DM and PM
Features of infection were compared in 148 DM patients with 309 episodes of infection and 49 PM patients with 95 
episodes of infection. Neither the infective agents nor infective sites differed between groups (Supplementary Table S3).

In-Hospital Mortality
Thirty-six patients died during hospitalization and 35 of them were in the infection group. The I-HMR was 6.5% (36/554), and 
it was much higher in the infection group than that in the control group (17.8% vs 0.3%, P<0.001). The causes of death 
included infection (20/36, 55.6%), exacerbation of PM/DM combined with severe infection (9/36, 25.0%), and exacerbation 
of PM/DM (4/36, 11.1%). A total of 102 episodes of infection occurred in 35 deceased patients in the infection group, 
including 81 episodes (79.4%) of severe infection. In deceased patients, bacterial infection was the most frequent (50/102, 

Table 1 Comparison Between Patients with or without Infection

Characteristics Total  
(n=554)

Infection 
Group

Non-Infection 
Group

P value

(n=197) (n=357)

Demographics

Sex, male:female 201:353 78:119 123:234 0.23
Age, years, mean±SD 49.3±15.3 52.5±14.6 47.5±15.5 <0.001

Disease course, months, median (IQR) 6 (2, 12) 4 (2, 12) 6 (2, 12) 0.03

DM, n (%) 401 (72.4) 148 (75.1) 253 (70.9) 0.32
PM, n (%) 153 (27.6) 49 (24.9) 104 (29.1) 0.32

Comorbidities

Malignancy, n (%) 71 (12.8) 17 (8.6) 54 (15.1) 0.03
Diabetes mellitus, n (%) 60 (10.8) 19 (9.6) 41 (11.5) 0.51

COPD, n (%) 5 (0.9) 5 (2.5) 0 (0) 0.002

Clinical symptoms
Rash, n (%) 298 (53.8) 99 (50.3) 199 (55.7) 0.22

Muscular weakness, n (%) 281 (50.7) 80 (40.6) 201 (56.3) <0.001

ILD, n (%) 238 (43.0) 102 (51.8) 136 (38.1) 0.002
Arthralgia/arthritis, n (%) 117 (21.1) 44 (22.3) 73 (20.4) 0.60

Myalgia, n (%) 100 (18.1) 30 (15.2) 70 (19.6) 0.20

Dysphagia, n (%) 63 (11.4) 22 (11.2) 41 (11.5) 0.91
Treatment prior to admission

Accumulated doses of PSL, mg, median (IQR) 150 (0, 600) 300 (0, 650) 150 (0, 450) 0.01

MMF, n (%) 110 (19.9) 30 (15.2) 80 (22.4) 0.04
CYC, n (%) 106 (19.1) 45 (22.8) 61 (17.1) 0.10

MTX, n (%) 73 (13.2) 15 (7.6) 58 (16.2) 0.004

CsA, n (%) 40 (7.2) 17 (8.6) 23 (6.4) 0.34
TAC, n (%) 8 (1.4) 4 (2.0) 4 (1.1) 0.39

Laboratory data
Neutropenia, n (%) 26 (4.7) 5 (2.5) 21 (5.9) 0.09

Lymphopenia, n (%) 239 (43.1) 111 (56.3) 128 (35.9) <0.001

Anemia, n (%) 171 (30.9) 83 (42.1) 88 (24.6) <0.001
Elevated Scr, n (%) 15 (2.7) 10 (5.1) 5 (1.4) 0.01

Hypoalbuminemia, n (%) 272 (49.1) 118 (59.9) 154 (43.1) <0.001

CK, U/L, medina (IQR) 162 (60, 1208) 122 (47, 765) 218 (64, 1522.5) 0.02
IgG, g/L, median (IQR) 13.3 (10.9, 15.8) 13.2 (11, 15.2) 13.3 (10.7, 16.1) 0.41

CRP, mg/L, median (IQR) 3.7 (1.1, 11.9) 5.1 (1.9, 26.8) 2.8 (0.8, 6.3) <0.001

Mortality, n (%) 36 (6.5) 35 (17.8) 1 (0.3) <0.001

Abbreviations: CK, creatinine kinase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; CsA, cyclosporin A; CYC, 
cyclophosphamide; DM, dermatomyositis; ILD, interstitial lung disease; IQR, interquartile range; MMF, mycophenolate mofetil; MTX, metho
trexate; PM, polymyositis; PSL, prednisone; Scr, serum creatinine; SD, standard deviation; TAC, tacrolimus.
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49.0%), followed by fungal infection (32/102, 31.4%), and viral infection (18/102, 17.6%). The most common infective sites 
were lung (60/102, 58.8%) and blood stream (19/102, 18.6%). Isolated agents and infection sites from 27 patients with 
etiological evidence are shown in Table 3. Of note, 11 (40.7%) of them developed multiple infections.

Table 3 The Isolated Agents in Infective Sites in Deceased Patients

Infective Site Isolated Agents

Lung A.fumigatus
Lung C.albicans
Lung C.albicans
Lung S.maltophilia+P.aeruginosa
Lung A.baumannii+S.maltophilia
Lung P.aeruginosa+S.maltophilia
Lung A.baumannii+B.cepacia
Lung P.marneffei
Lung Kodamaea+S.aureus+C.parapsilosis
Digestive tract C.albicans
Digestive tract C.albicans
Digestive tract C.albicans
Blood C.tuberculum

(Continued)

Table 2 Comparison Between Patients with Different MSA/MAA

Anti-MDA5 
Positive (n=94)

Anti-MDA5 
Negative (n=207)

P value Anti-JO1 
Positive (n=39)

Anti-JO1 
Negative (n=262)

P value

Demographics

Sex, male:female 30: 64 70: 137 0.75 13: 26 87: 175 0.99

Age, years, mean±SD 47.8 ± 15.2 48.6 ± 15.2 0.65 50.7 ± 12.7 48 ± 15.5 0.30
Disease course, months, 

median (IQR)

4 (2, 9.5) 6 (3, 12) 0.004 6 (4, 6) 6 (2, 12) 0.20

DM, n (%) 94 (100) 141 (68.1) <0.001 31 (79.5) 187 (71.4) 0.29
PM, n (%) 0 (0) 66 (31.9) <0.001 8 (20.5) 75 (28.6) 0.29

ILD, n (%) 65 (69.1) 79 (38.2) <0.001 25 (64.1) 119 (45.4) 0.03
Treatment

Accumulated doses of 

PSL, mg, median (IQR)

150 (0, 680) 150.5 (0, 717.5) 0.43 300 (112.5, 300) 150 (0, 750) 0.12

CYC, n (%) 19 (20.2) 30 (14.5) 0.21 11 (28.2) 38 (14.5) 0.03

MMF, n (%) 27 (28.7) 55 (26.6) 0.70 11 (28.2) 71 (27.1) 0.89

Laboratory data
Neutropenia, n (%) 8 (8.5) 11 (5.3) 0.29 4 (10.3) 15 (5.7) 0.29

Lymphopenia, n (%) 49 (52.1) 86 (41.5) 0.09 19 (48.7) 116 (44.3) 0.60

Anemia, n (%) 29 (30.9) 59 (28.5) 0.68 13 (33.3) 75 (28.6) 0.55
Elevated Scr, n (%) 1 (1.1) 2 (1.0) 1.00 0 (0) 3 (1.1) 1.00

Hypoalbuminemia, n (%) 45 (47.9) 89 (43.0) 0.43 24 (61.5) 110 (42.0) 0.02

Episodes of infection
1 episode, n (%) 13 (13.8) 30 (14.5) 0.88 7 (17.9) 36 (13.7) 0.48

2 episodes, n (%) 12 (12.8) 16 (7.7) 0.16 8 (20.5) 20 (7.6) 0.02

≥3 episodes or more, n (%) 11 (11.7) 9 (4.3) 0.02 2 (5.1) 12 (4.6) 0.70
Severe infection, n (%) 33 (35.1) 34 (16.4) <0.001 18 (46.2) 74 (28.2) 0.02

Mortality, n (%) 11 (11.7) 7 (3.4) 0.01 2 (5.1) 16 (6.1) 1.00

Abbreviations: CYC, cyclophosphamide; DM, dermatomyositis; ILD, interstitial lung disease; IQR, interquartile range; MAA, myositis-associated antibodies; MMF, 
mycophenolate mofetil; MSA, myositis-specific antibodies; PM, polymyositis; PSL, prednisolone; Scr, serum creatinine; SD, standard deviation.
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Comparison between patients alive and dead was performed. Non-survivors were older (60.2±11.8 vs 48.6±15.1 
years, P<0.001) and complicated with COPD (5.6% vs 0.6%, P=0.04) or ILD (72.2% vs 40.9%, P<0.001). Lymphopenia 
(66.7% vs 41.5%, P=0.003), elevated Scr (13.9% vs 1.9%, P=0.002), and hypoalbuminemia (80.6% vs 46.9%, P<0.001) 
were more frequent in non-survivors. It’s worth noting that the occurrence of infection (72.2% vs 28.6%, P<0.001), 
including episodes and severe infection (97.2% vs 27.4%, P<0.001) increased remarkably in non-survivors (Table 4).

Table 3 (Continued). 

Infective Site Isolated Agents

Urinary tract C. parapsilosis+K.pneumoniae
Oral cavity C. tropicalis
Lung+Blood A.baumannii
Lung+Blood A.baumanni+K.pneumoniae
Lung+Blood P.italicum+S.aureus
Lung+Blood A.baumannii+E.coli+S.maltophilia
Lung+Urinary tract E.faecium+C.tropicalis+Fusarium
Lung+Urinary tract E.faecium+A.flavus+A.niger
Lung+Digestive tract C.albicans+C.tropicalis
Lung+Digestive tract C.albicans
Lung+Digestive tract A.baumanni+K.pneumoniae+C.albicans
Skin/soft tissue+Urinary tract E.coli+S.aureus
Blood+Upper respiratory tract+Urinary tract A.baumannii+S.maltophilia+R.mannitolilytica+C.parapsilosis
Blood+Oral cavity+Digestive tract+Urinary tract S.hominis+C.albicans+T.asahii

Table 4 Comparison Between Patients Alive and Dead

Alive (n=518) Dead (n=36) P value

Demographics

Sex, male:female 184: 334 17: 19 0.16
Age, years, mean±SD 48.6 ± 15.1 60.2 ± 11.8 <0.001

Disease course, months, median (IQR) 6 (2, 12) 3.5 (1, 6) 0.01

DM, n (%) 371 (71.6) 29 (80.6) 0.25
PM, n (%) 147 (28.4) 7 (19.4) 0.25

Comorbidities

Malignancy, n (%) 67 (12.9) 4 (11.1) 1.00
Diabetes mellitus, n (%) 56 (10.8) 4 (11.1) 1.00

COPD, n (%) 3 (0.6) 2 (5.6) 0.04

ILD, n (%) 212 (40.9) 26 (72.2) <0.001
Laboratory data

Neutropenia, n (%) 26 (5.0) 0 (0) 0.40

Lymphopenia, n (%) 215 (41.5) 24 (66.7) 0.003
Anemia, n (%) 155 (29.9) 16 (44.4) 0.07

Elevated Scr, n (%) 10 (1.9) 5 (13.9) 0.002

Hypoalbuminemia, n (%) 1 (46.9) 29 (80.6) <0.001
Patients with infection, n (%) 148 (28.6) 26 (72.2) <0.001

Episodes of infection

1 episode, n (%) 91 (17.6) 5 (13.9) 0.57
2 episodes, n (%) 36 (6.9) 14 (38.9) <0.001

≥3 episodes or more, n (%) 21 (4.1) 7 (19.4) 0.001

Severe infection, n (%) 142 (27.4) 35 (97.2) <0.001

Abbreviations: COPD, chronic obstructive pulmonary disease; DM, dermatomyositis; ILD, interstitial 
lung disease; IQR, interquartile range; PM, polymyositis; Scr, serum creatinine; SD, standard deviation.
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Associated Factors for Infection and in-Hospital Mortality
Variables with clinical significance for infection and a P value < 0.1 in univariate logistic regression analysis were shown 
in Supplementary Table S4. As a result, older age [adjusted odds ratio (OR): 1.02, 95% confidential interval (CI): 1.00– 
1.03, P=0.02], ILD (adjusted OR: 1.57, 95% CI: 1.09–2.28, P=0.02), lymphopenia (adjusted OR: 1.91, 95% CI: 1.31– 
2.77, P=0.001), and anemia (adjusted OR: 1.78, 95% CI: 1.20–2.64, P=0.004) were associated factors for infection in 
PM/DM (Figure 2A).

Factors with clinical and statistical significance for in-hospital mortality by univariate logistic regression were 
shown in Supplementary Table S5. Considering the 95% CI in some variables such as patients with infection and 
patients with severe infection were too wide, we excluded them from multivariate logistic regression analysis. 
Accordingly, older age (adjusted OR: 1.05, 95% CI: 1.02–1.09, P=0.004), ILD (adjusted OR: 2.76, 95% CI: 1.11– 
6.84, P=0.03), increasing episodes of infection (adjusted OR: 1.91, 95% CI: 1.53–2.38, P<0.001), and elevated 
Scr (adjusted OR: 6.83, 95% CI: 1.77–26.40, P=0.01) were associated factors for in-hospital mortality 
(Figure 2B).

Figure 2 Associated factors for infection and mortality. (A) Associated factors for infection by multivariate logistic regression analysis. (B) Associated factors for mortality 
by multivariate logistic regression analysis. 
Abbreviations: CI, confidential interval; ILD, interstitial lung disease; OR, odds ratio; Scr, serum creatinine.
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Discussion
We are the first to report the infectious pattern in patients with PM/DM from southern China. In this retrospective study, 
we showed the high incidence of infection in PM/DM, especially during early disease. Severe infections are common. 
Gram-negative bacteria are the leading pathogens. Lung is frequently involved. Infection in patients with different MSA/ 
MAA exhibits unique features. Infection is the leading cause for in-hospital mortality. Older age, ILD, elevated Scr and 
number of episodes of infection are an important associated factor for mortality.

Infection is one of the major concerns in CTD. However, most of the studies focus on infection in patients with 
systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), or ANCA-associated vasculitis (AAV). Indeed, 35.6% of 
the patients with PM/DM experienced infection in our study, and 77% were severe infections. The prevalence is 
comparable with previous reports (28–37%).12,13 Half of the patients developed at least two episodes of infection during 
the observation period. Infection is likely to occur within four months from the onset of PM/DM-related symptoms, ie, 
the early stage of the disease. One of the reasons could be that in this period, the disease is usually active and aggressive 
treatment is required, resulting in severe immunosuppression. Our findings emphasize the likelihood of infection in 
patients with PM/DM, especially during the first four months after disease onset. Severe infections are not infrequent.

In consistent with previous reports,11,14 bacterial pneumonia is the most common pattern. Fungal infection and viral 
infections accounted for one-third. In agreement with previous findings, gram-negative bacteria are the leading patho
genic agents. However, the distribution of specific pathogens varies. In our study, E.coli and P.aeruginosa were frequent, 
while Klebsiella and Acinetobacter were the primary pathogenic agents in other studies.12,13 Among gram-positive 
bacteria, S. aureus came first. Accordingly, empiric antibiotics covering gram-negative bacterial, including E.coli and P. 
aeruginosa are considered as the first choice to treat bacterial infection in PM/DM.

MSA/MAA profile is differently expressed in patients with or without infection. Patients with anti-MDA5 positive or anti- 
synthetase antibodies are two subgroups with unique clinical features. In a recent study performed in northern China, PM/DM 
patients with infection were more likely to be anti-MDA5 positive and less likely to be anti-JO-1 positive.13 Positive rate of anti- 
MDA5 in the infection group in our study was higher than that in the control group, although no statistical significance was 
reached. Lack of data in MSA/MAA profile in 253 patients may lead to statistical discrepancies. Alternatively, we noticed the 
number of infection episodes, especially severe infection increased in patients who were anti-MDA5 positive. Infection appeared 
to be a major cause of death in this group. Some studies found the higher expression of anti-JO1 antibody in non-infective 
patients.13 A multicenter retrospective study including 828 patients from Europe and America revealed the presence of anti- 
synthetase antibodies does not influence the survival of idiopathic inflammatory myositis (IIM).15 Another Chinese retrospective 
study enrolling 124 patients found none of the four anti-synthetase antibodies (ie, anti-EJ, anti-PL7, anti-PL12, anti-JO1) is 
a predictor for poor prognosis in the long term.16 Neither of these studies compared the infection rate between patients with or 
without anti-synthetase antibodies. In the current study, severe infection seemed to increase in patients with anti-JO1 positive. In 
consistence with previous reports, the mortality was not associated with the presence of anti-JO1 antibody. Our study reveals the 
relatively benign outcome in patients with anti-JO1 antibodies.

Many variables such as older age, ILD were suggested as risk factors for infection in IIM.8,9,17 Of note, lymphopenia 
is recognized continuously as a main contributor to infection, despite the variance in study design. In agreement, 
lymphopenia remains to be an associated factor for infection in our study. The average count of lymphocytes was 
0.9×109/l. It suggests that the count of lymphocytes even decreased slightly, is an important associated factor for 
infection, and requires close surveillance.

The all-cause mortality of IIM ranges from 4% to 35%.1,18,19 In our study, it was 6.5%, close to a recent survey from 
northern China (6.4%),20 and higher than that in patients with other CTDs such as SLE from the same center (2.1%).5 

The median disease course was 3.6 months, indicating that death is likely to occur during the early stage of disease. The 
in-hospital mortality in the infection group was 17.8%, apparently higher than that in non-infection group (0.3%). Nearly 
half of the deceased patients developed multiple infections. Rational use of antibiotics and prevention against super
infection should be a major concern in clinical practice. Despite of different combinations of variables, infection 
continues to be a strong predictor for mortality in IIM.21,22 Cumulative mortality at one year after the diagnosis of 
IIM was reported to be 9%.23 However, the survival rate dropped to 68.3% at one year after the first episode of major 
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infection.12 A Chinese cohort study showed similar results that survival declined to 78.1% at one year after the first 
occurrence of infection, compared with 96.3% in those without.13 We also established the association between increased 
mortality and number of episodes of infection, which suggests that multiple infections at the same time or recurrent 
infections are associated with poor prognosis.

Strengths and Limitations
Infection in PM/DM is less frequently reported compared with that in SLE or RA, and only a few studies were conducted 
enrolling a large number of patients. However, infection is an absolutely crucial problem in treating PM/DM. Infections 
occurring in different populations or different regions possess their own characteristics. In this study, we reported the 
infectious pattern in a large number of Chinese patients, providing details regarding to infection episodes, pathogens, severity, 
and causes for in-hospital mortality. We believe our findings will provide important information for the prevention of infection 
in PM/DM. This study has some drawbacks, however. Data were generated from a tertiary hospital which receives patients 
who are difficult to treat. Only inpatients records were available in our electronic database. Therefore, outpatients were not 
included. The selection bias may influence the estimates. Besides, MSA/MAA was routinely checked only after the year 2017, 
and unavailable data in some patients hindered further analysis of the role of MSA/MAA in infection.

Conclusions
Infection is a severe complication of PM/DM and a major contributor to in-hospital mortality. Bacteria are the leading 
pathogens, especially gram-negative bacteria such as E. coli and P.aeruginosa. Lung is frequently involved. Accordingly, 
increased vigilance combined with prophylaxis against pyogenic infections, including regular physical examination of 
the lungs, are necessary for the timely diagnosis of infection in patients with PM/DM, especially in those with advanced 
age, anti-MDA5 positive, ILD or lymphopenia.
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