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Introduction

Infectious disease is among the leading causes of mortality 
in immunocompromised hosts (ICHs) especially in those 
who are diagnosed with systemic lupus erythematosus (SLE). 

As reported, about thirty percent of these patients present 

with infections during follow-up and more than one-third 

of deaths are highly correlated with these diseases (1). 

Among these infectious diseases, hospital-acquired bacterial 
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pneumonia (HABP) accounts for the vast majority of cases 
due to respiratory tract dissemination, immunosuppressive 
agent treatment and glucocorticoid usage (2).

Practice guidelines for the management HABP have 
been published to direct the empirical antibiotic therapy 
and the de-escalation strategy (3,4). However, almost all the 
guidelines do not cover the ICHs like those with SLE (5,6). 
Thus, information from the current literature about these 
patients is limited. Despite the enormous progress in the field 
of HABP management in ICHs, mortality has not decreased 
substantially in the last decade (2). Many questions remain 
unanswered about the treatment such as the appropriate 
duration of antibiotic treatment. The recommended 
antimicrobial treatment course was shortened from two 
weeks to approximately seven days (7). Whether “shorter is 
better” is still unknown, especially in immunocompromised 
patients with HABP.

Therefore, this retrospective cohort study was conducted 
to analysis the following status: (I) the course of antibiotic 
treatment for SLE patients with HABP and (II) factors 
that influence clinicians’ decisions about the duration of 
antibiotic therapy.

Methods

Research briefs

The retrospective cohort study was conducted in Rui Jin 
and Ren Ji Hospital, which are the top two pneumonia 
and autoimmune disease management medical institutions 
in eastern China. Information that needs to be analysed 
was obtained from each hospital’s electronic medical 
records between January 2015 and December 2019 by 
three attending physicians. Ethics committee of Shanghai 
Jiaotong University School of Medicine approved the study 
(No. 2017-201) and it was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The written 
informed consent was obtained from all patients.

Study population 

In patients who were diagnosed with SLE were included in 
the study if they were (I) suspected of HABP and (II) within 
the range of 18 and 80 years old. In patients were excluded if 
they (I) had an extrapulmonary infection; (II) had no positive 
pathogen isolation results by culture; (III) died while the 
duration of antibiotic treatment was not finished; (IV) were 

pregnant and (V) had an incomplete medical history.

Disease and parameter definitions

The criteria of HABP definition based on the clinical 
practice guideline by Infectious Diseases Society of America 
were listed as follows: (I) new infiltrate could be found on 
patients’ pulmonary imaging 48 h after hospital admission; 
(II) bacteria could be isolated from the samples of respiratory 
tract secrets and (III) at least two of the following criteria 
could be met: (i) leucocytosis ≥10×109/L or ≤4×109/L; (ii) an 
abnormal temperature (>37.8 or <35.6 ℃); and (iii) newly 
purulent sputum (3). The course of antibiotic treatment was 
defined as antibiotic administration for treating HABP both 
during the hospital stay and after hospital discharge (either 
intravenous or oral prescription). 

According to the guideline of American Thoracic 
Society (8), the criteria for clinical stability were defined 
as follows: (I) lack of fever for >8 h; (II) improvement 
in clinical signs (cough and shortness of breath); (III) 
improvement in leucocytosis (decrease >10% from the 
previous day); and (IV) tolerance of oral antibiotic intake. 
The time to clinical stability (TCS) was calculated as the 
number of days from the date of hospital admission to the 
date when the patient met the clinical stability criteria (9).

Data collection 

Clinical data about the enrolled patients was made up 
of five parts: (I) basic characteristics like age, gender 
and comorbidity; (II) status of SLE, including the SLE 
disease activity index (SLEDAI) and the concentration 
of complement; (III) information about the host immune 
status and treatment, including daily prednisone dose, 
administration of immunosuppressant; (IV) antibiotics 
treatment and (V) the level of inflammatory factors.

Identification of strains and antimicrobial susceptibility 
testing operation

Bacteria that caused HABP of patients with SLE and the 
results of antimicrobial susceptibility testing were obtained 
from the microbiological database of the laboratory. 
Pathogens from lower respiratory tract specimens were 
identified using a bioMérieux VITEK-2 automated system. 
The results of antimicrobial susceptibility testing were 
determined according to M100-S29 (10). 
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Statistical analysis 

SPSS version 21.0 was applied to perform the statistical 
analysis. Chi-square test was applied for equal proportions 
and the results were presented as percentages (n). Normally 
distributed variables were compared by Student’s t-test 
and the results were expressed as the means ± standard 
deviations. Factors related to prolonged duration of 
antibiotic therapy for more than 7 days were screened by 
logistic regression and revealed as odds ratios (ORs) and 
95% confidence intervals (CIs). 

Results

Study population

In total, 414 immunocompromised patients were the initial 
screened in each hospital’s medical record system and 344 
of them were finally included. Among the study population, 

223 (64.8%) had a duration of antibiotic therapy >7 days, 
while the other 121 had a duration of antibiotic therapy  
≤7 days (Figure 1). 

Causative pathogens and duration of antibiotic therapy

More than 10 bacteria strains were isolated from the 
respiratory secretions of HABP patients. Non-fermentative 
gram-negative bacilli (n=178) was the most commonly 
responsible organism and accounted for approximately half 
of cases (51.7%). In total, three quarters of the HABP were 
caused only by gram-negative organisms (n=261, 75.9%) 
while others were caused only by gram-positive organisms 
(n=83, 24.1%). Among the strains isolated, 58 (16.8%) were 
identified as MDR pathogens, and Candida colonization 
with bacterial infection was found in 110 (31.9%) patients 
(Figure 2A). The mean cause of total antibiotic treatment 
was 9.5 days, which exceeded the recommended course  

SLE patients who were diagnosed HAP 
from January 2015 to December 2019

n=414

Excluded, n=22
Had extrapulmonary infection, n=7
Died while the duration of antibiotic 

treatment was not finished, n=9
Duration <3 days or >28 days, n=6

Pathogen detection results collection from 
lower respiratory tract specimens 

n=392

Negative pathogen detection results
n=21

Positive pathogen detection results
n=371

Candida isolated solely, n=27

SLE patients with HABP were eligible in the study
n=344

Duration of antibiotic therapy ≤7 days
n=121

Duration of antibiotic therapy >7 days
n=223

Figure 1 Flow chart of the study. SLE patients with HABP enrolled in the study. HAP, hospital-acquired pneumonia; HABP, hospital-
acquired bacterial pneumonia; SLE, systemic lupus erythematosus.
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(7 days) set forth in the HABP guidelines (Figure 2B).

Severity of HABP, clinical response and duration of 
antibiotic therapy

The mean TCS was 6.5±3.5 days in SLE patients with 
HABP in our study. The relationship between antibiotic 
treatment duration and TCS was listed in Figure 3A. A 
linear relationship was found between the total duration 
of antibiotic therapy and TCS (R2=0.76, P<0.0001) as well 
as the total duration of antibiotic therapy and PaO2/FiO2 
(R2=0.35, P<0.0001) (Figure 3B).

Clinical features of the total duration >7 days and ≤7 days 
groups 

The demographics and clinical characteristics of the 

223 patients with the total duration >7 days and the 121 
patients with the total duration ≤7 days are listed in Table 1. 
Female patients (91.6%) made up the vast majority of study 
population. More patients with MDR pathogen infection and 
Candida colonization were found in the total duration >7 days 
group. Furthermore, a relatively higher levels of inflammatory 
factors were indicated in the same group (Table 1).

As for SLE status, more patients taking a high dose 
of daily prednisone (60.9% vs. 28.1%) or receiving 
immunosuppressant treatment during HABP therapy 
(14.8% vs.  6.6%) were found in the total duration  
>7 days group, together with a higher SLEDAI (P<0.05, 
respectively). No difference was found in the count of 
natural killer cell or B lymphocyte cell between the two 
groups, P>0.05 (Table 2).

In terms of antimicrobial use, β-lactam/β-lactamase 
inhibitor was the most common choice, which accounted 
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Figure 3 Correlation of severity of HABP, clinical response and duration of antibiotic therapy. (A) A relationship was found between the 
time to clinical stability and the total duration of antibiotic therapy. (B) A relationship was found between the PaO2/FiO2 and the total 
duration of antibiotic therapy. HABP, hospital-acquired bacterial pneumonia.
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Table 1 Demographics and clinical characteristics of HABP patients with SLE

Characteristics Total duration >7 days (n=223) Total duration ≤7 days(n=121) P value

Age, years 45.7±11.4 43.6±11.9 0.109

Female, n (%) 207 (92.8) 108 (89.3) 0.255

Respiratory rate 30.6±4.8 31.4±5.9 0.175

PaO2/FiO2 <200 mmHg, n (%) 139 (62.3) 29 (23.9) 0.001

Septic shock, n (%) 29 (13.0) 7 (5.8) 0.037

White blood cells, 109/L 15.6±3.3 16.2±2.9 0.094

Neutrophil, % 83.1±7.3 82.5±7.4 0.469

C-reactive protein, mg/L 122.6±23.8 114.8±17.8 0.002

Procalcitonin, ng/mL 3.9±0.7 3.7±0.8 0.017

Immunoglobulin G, g/L 8.23±1.76 7.97±1.94 0.208

Immunoglobulin M, g/L 1.63±0.43 1.56±0.37 0.131

Immunoglobulin A, g/L 3.42±0.73 3.29±0.58 0.092

Urea, mmol/L 7.5±1.4 7.3±1.3 0.196

Creatinine clearance, dL/min 1.7±0.6 2.5±0.5 0.001

MDR pathogen infection, n (%) 53 (23.8) 17 (14.0) 0.033

Candida colonization with bacterial infection, n (%) 94 (42.2) 22 (18.2) 0.001

HABP, hospital-acquired bacterial pneumonia; SLE, systemic lupus erythematosus; MDR, multidrug-resistant.

Table 2 SLE status of the patients with HABP

Characteristics Total duration >7 days (n=223) Total duration ≤7 days (n=121) P value

SLE duration, month 55.2±12.5 50.7±13.6 0.002

SLE activity at the time of HABP, n (%)

Lupus nephritis 54 (24.2) 18 (14.9) 0.042

Hematological activity 22 (9.9) 10 (8.3) 0.625

Central nervous system activity 8 (3.6) 5 (4.1) 0.801

Daily prednisone dose >0.5 mg/kg/d, n (%) 136 (60.9) 34 (28.1) 0.001

Taking immunosuppressants during HABP treatment, n (%) 33 (14.8) 8 (6.6) 0.025

CD4/CD8 ratio <1, n (%) 142 (63.7) 55 (45.5) 0.001

Natural killer cell, cells/uL 136.4±53.7 145.3±41.8 0.115

B lymphocyte, cells/uL 65.1±19.3 68.2±22.8 0.183

CD4+Th lymphocyte <200 cells/uL 147 (65.9) 38 (31.4) 0.001

Ts lymphocyte, cells/uL 211.8±58.2 208.9±61.3 0.665

Positive anti-dsDNA, n (%) 146 (65.5) 86 (71.1) 0.289

Concentration of C3, g/L 0.5±0.1 0.5±0.2 1.000

SLEDAI score 7.4±2.3 5.1±2.6 <0.001

HABP, hospital-acquired bacterial pneumonia; SLE, systemic lupus erythematosus; SLEDAI, systemic lupus erythematosus disease activity index.
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for almost half the prescriptions. More patients in the total 
duration >7 days group received double or triple antibiotics 
therapy (52.9% vs. 25.6%) and antimicrobial de-escalation 
treatment (41.3% vs. 9.9%) was found more commonly in 
the same group (P<0.001, respectively) (Table 3).

Influencing factors of the total duration >7 days 

Based on the multivariate logistic regression analysis, 
SLEDAI (OR =5.52,  95% CI:  3.59–7.28) ,  taking 
immunosuppressants during HABP treatment (OR =5.29, 
95% CI: 3.93–7.09) and MDR pathogen infection (OR =4.91, 
95% CI: 1.45–6.87) were the factors that might influence the 
duration (P<0.05, respectively). Although more patients with 
septic shock were found in the total duration >7 days group 
than in the ≤7 days group (13.0% vs. 5.8%, P=0.037), it 
could not be confirmed as a factor influencing the antibiotic 
treatment course (Figure 4).

Discussion

In this retrospective observational study, we analysed the 
duration of antibiotic treatment in SLE patients with HABP 
who were not addressed in the practice guidelines. We 
found that the mean cause of total antibiotic treatment was 
9.5 days, which exceeded the recommended course. 

SLEDAI, taking immunosuppressants during HABP 
treatment and MDR pathogen infection were the top three 
risk factors.

HABP is the leading causes of mortality in ICHs 
worldwide and is caused by numerous microorganisms (4,5). 
Thus, all efforts should be focused on preventing and properly 
treating the disease, but appropriate treatment of HABP in 
SLE patients is quite challenging because of the limited data 
available regarding the duration of antimicrobial therapy.

Based on our study, non-fermentative gram-negative 
bacilli is the most common organism responsible for 
approximately half of cases. Other common pathogens 
include Klebsiella pneumoniae and Moraxella catarrhalis, 
which are similar to the pathogens associated with HABP 
in the general adult population of China (11). However, 
there are more patients with MDR pathogen infections and 
Candida colonization in our study, which might be caused 
by long-term antimicrobial exposure or glucocorticoid 
treatment (12). 

As recommended by practice guidelines, a duration of  
7 days is appropriate for most HABP with low or moderate 
severity. What needs to be emphasized is that all the 
recommendations above are suitable for the non-ICH. Our 
study revealed that the mean duration of total antibiotic 
therapy of hospitalized immunocompromised patients 
with HABP was 9.5 days and more than half patients had a 
duration of antibiotic therapy >10 days.

The severity of pneumonia on admission and the clinical 
stability of the patients are two dominant factors that 
guide clinicians to determine when to initiate antibiotic 
therapy and when to discontinue it. PaO2/FiO2 can reflect 
the degree of hypoxia in patients with pneumonia. If the 

Table 3 Antibiotics prescription of the SLE patients with HABP

Treatment Total duration >7 days (n=223), n (%) Total duration ≤7 days (n=121), n (%) P value

Aminoglycosides 23 (10.3) 13 (10.7) 0.901

Carbapenem 87 (39.0) 31 (25.6) 0.012

Quinolones 45 (20.2) 27 (22.3) 0.642

Third generation cephalosporins 32 (14.3) 17 (14.0) 0.939

Fourth generation cephalosporins 43 (19.3) 26 (21.5) 0.625

β-lactam/β-lactamase inhibitors 93 (41.7) 48 (39.7) 0.714

Linezolid 18 (8.1) 12 (9.9) 0.562

Vancomycin 19 (8.5) 10 (8.3) 0.935

Antibiotics double or triple therapy 118 (52.9) 31 (25.6) 0.001

Antimicrobial deescalation 92 (41.3) 12 (9.9) 0.001

Initial treatment failure 29 (13.0) 7 (5.8) 0.037

HABP, hospital-acquired bacterial pneumonia; SLE, systemic lupus erythematosus.
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Antibiotics double or triple therapy 
Carbapenems 

SLEDAI 
Antimicrobial de escalation 

Initial treatment failure 
CD4*Th lymphocyte <200cells/uL 

CD4/CD8 ratio <1 
Taking immunosuppressants during HABP treatment 

Daily prednisone dose >0.5 mg/kg/d 
Creatinine clearance 

Procalcitonin 
C-reactive protein 

SLE duration 
Septic shock 

PaO2/FiO2< 200mmhg 
Lupus nephritis 

MDR pathogen infection 
Candida colonization

1.76 (3.52-7.23)        0.017 
2.07 (0.78-4.29)        0.086 
5.52 (3.59-7.28)        0.012 
3.16 (1.55-5.39)        0.037 
3.99 (2.09-6.03)        0.024 
3.05 (1.73-5.92)        0.031 
2.07 (0.78-3.94)        0.075 
5.29 (3.93-7.09)        0.027 
3.71 (1.98-6.89)        0.029 
1.64 (0.88-3.92)        0.355 
2.95 (0.88-4.16)        0.373 
2.49 (0.68-5.82)        0.172 
1.58 (0.85-4.87)        0.197 
0.93 (0.68-2.92)        0.318 
3.17 (1.98-6.09)        0.018. 
1.17 (0.78-3.94)        0.276 
4.91 (1. 45-6.87)        0.021 
3.49 (1.83-6.09)        0.019

Adjusted OR (95%CI)       P value

0       1       2      3       4       5       6      7       8

Figure 4 Multivariate logistic regression analysis of risk factors for total antibiotic duration >7 days. SLEDAI, taking immunosuppressants 
during HABP treatment, MDR pathogen infection were the top three risk factors as well as the other 7 risk factors. Septic shock was 
suggested proven to be statistically nonsignificant. SLE, systemic lupus erythematosus; SLEDAI, systemic lupus erythematosus disease 
activity index; MDR, multidrug-resistant; HABP, hospital-acquired bacterial pneumonia.

value is less than 200 mmHg, it means that the patients is 
in a moderate to severe condition. Therefore, a correlation 
between the total duration of treatment and PaO2/FiO2 
was found in our study, which was consistent with Aliberti’s 
research (13). What is more, the administration of double 
or triple antibiotic therapy was easily identified in these 
patients as well as in patients with MDR pathogen infection. 
There was a longer period from hospital admission to TCS 
and more de-escalation therapy was noted, both of which 
prolonged the duration of antibiotic therapy.

Clinical responses to antibiotic treatment and the TCS 
are based on host immune status, pathogen features and 
antibiotic characteristics (14). The vast majority of patients 
enrolled in our study had decreased CD4+Th lymphocyte 
cell counts, which indicated the defective host immune 
status and prolonged antibiotic treatment duration. It was 
also noted that patients were treated with two or three 
extra days of antibiotic therapy beyond the TCS, in case of 
HABP reoccurrence. Therefore, a correlation was found 
between TCS and the total duration of antibiotic treatment.

Glucocorticoid prescription or immunosuppressant 
treatment are not uncommon in immunocompromised 
patients, and both can disrupt the immune system. A 
reduction in CD4+Th lymphocyte cell counts and a 
decreased CD4+Th/CD8+Th ratio can occur during the 
course of primary disease treatment as well as a deficiency 
in the components of the complement system (15,16). All 

these actions will result in weakening the normal defences of 
the body and favouring the aggression of microorganisms. 
Thus, the duration of antibiotic therapy was prolonged, 
and daily prednisone dose >0.5 mg/kg/d as well as taking 
immunosuppressants during HABP treatment were proven 
to be the risk factors.

The isolation of Candida species from respiratory 
secretions is common. In most cases, it is always judged 
colonization, and antifungal treatment is rarely necessary (17). 
However, the co-existence of fungi and bacteria has attracted 
considerable attention in the last decade. In vitro experiments 
have shown that Candida and MDR pathogens are both 
capable of utilizing arachidonic acid to form eicosanoids, 
which might affect the pharmacokinetics of antibiotics (18). 
In Roux’s study, it was noted that airway fungal colonization 
could elicit a Th1-Th17 immune response that favoured 
the development of bacterial pneumonia (19). Furthermore, 
scanning electron microscopy showed that bacteria can 
attach tightly to the surface of Candida albicans filaments, 
which led to the prolonged application of antibiotics (20).

In our study population, Candida colonization was 
identified in 116 HABP patients, and the total duration 
of antibiotic therapy was longer than 7 days. As was 
demonstrate in our study, Candida colonization was an 
independent risk factor that predicted the prolonged course 
of antibiotic treatment. Thus, special attention should 
be paid to these patients. In addition, further research is 
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needed to determine whether HABP patients with Candida 
colonization would benefit from anti-fungal therapy. 

SLEDAI contains 24 items which can reflect the 
activity of SLE. A higher SLEDAI could also promote the 
infectious diseases such as HABP because of the complement 
consumption (12). SLEDAI >6 indicates that the status of 
SLE is in the mild to moderate active condition which leads 
to more glucocorticoid prescription. Thus, it was proved to 
be an important risk factor to prolong the antibiotic therapy.

For the retrospective study, we were mainly concerned 
with SLE patients with HABP. However, there are still 
many unresolved issues in the research. Both duration 
and doses of antibiotic therapy are important for clinical 
decision making. In our study, therapeutic drug monitoring 
(TDM) of antibiotics could not be applied during the whole 
period of hospitalization. Numerous studies have found 
that hemodynamic instability, altered fluid balance, organ 
disfunction and organ support are the main factors that 
affect the concentration of antibiotics (21-23). Therefore, 
it will also have a further impact on the duration of 
antibiotic therapy which cannot be neglected. In addition, 
physicians’ medical training on antibiotic therapy and the 
hospital’s uniform requirement on antibiotic use are also 
important for the decision of anti-infection treatment. A 
further analysis of the factors for decision making should be 
performed in the future.

Conclusions

The present investigation assessed the duration of antibiotic 
therapy in SLE patients with HABP and found that it 
was longer than the course recommended by practice 
guidelines. The severity of the disease and the host’s 
immune status might influence the duration of treatment. 
More prospective studies and randomized controlled trials 
should be performed for subsequent analysis.
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