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Objective: Bloodstream infection (BSI) is characterized by high mortality, especially among these increasing super-elderly patients
(=85 years), and this study was conducted to understand the species distribution, typical clinical features and risk factors for poor
prognosis of super-elderly patients with BSI.

Methods: Based on previous work, this retrospective study was performed by reviewing an ongoing prospective medical database in a
comprehensive tertiary center in China, and all super-elderly patients with BSI in the past 6 years were enrolled in this study.
Results: Out of 5944 adult-patients with BSI, there were totally 431 super-elderly patients (=85 years old) enrolled in this study and
age >90 years accounted for 31.1% (134/431). Among these 431 super-elderly patients with BSI, 40 patients (9.3%) were diagnosed
with BSI and the remained 401 super-elderly patients (90.7%) were defined as hospital-acquired BSI. The typical feature of these
super-elderly patients with BSI was the high proportion of patients with various comorbidities, such as cardiovascular disease (83.8%),
ischemic cerebrovascular disease (63.3%) and pulmonary infection (61.0%). The other typical feature was that most (60.1%) of these
patients had been hospitalized for long time (>28 days) prior to the onset of BSI, and most patients had received various invasive
treatments, such as indwelling central venous catheter (53.1%) and indwelling urinary catheter (47.1%). Unfortunately, due to these
adverse features above, both the 7-day short-term mortality (13.2%, 57/431) and the 30-day long-term mortality (24.8%, 107/431)
were high. The multivariate analysis showed that both chronic liver failure (OR 7.9, 95% CI 2.3-27.8, P=0.001) and indwelling
urinary catheter (OR 2.3, 95% CI 1.1-4.7, P=0.023) were independent risk factors for 7-day short-term mortality, but not for 30-day
long-term mortality. In addition, the microbiology results showed that the most common species were associated with nosocomial
infection or self-opportunistic infection, such as Staphylococcus hominis (18.3%), Staphylococcus epidermidis (11.8%), Escherichia
coli (9.7%), Klebsiella pneumoniae (9.3%) and Candida albicans (8.6%, fungi).

Conclusion: Super-elderly patients with BSI had typical features, regardless of the pathogenic species distribution and their drug
resistance, or clinical features and their risk factors for poor prognosis. These typical features deserved attention and could be used for
the prevention and treatment of BSI among super-elderly patients.
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Introduction

Bloodstream infection (BSI) has a high mortality and the number of BSI has been increasing for various risk factors, such
as the widely application of central venous catheter (CVC).' According to the report from the China Antimicrobial
Surveillance Network (CHINET), the number of specimens of BSI in China had increased from 296,052 in 2018 to
325,016 in 2021 (the report from the China National Drug Resistance Monitoring Network, https://www.carss.cn/sys/

Htmls/dist/index.html#/distribution?type=specimens). Our previous research also reported that the episodes of BSI had

increased from 2010 to 2019 in the hospital where this study was conducted.* And among various risk factors for BSI,
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age is an important risk factor for BSI. Compared with young people, the elderly people (age > 65 years old) are more
prone to BSI due to various risk factors, such as weakened immunity and more comorbidities.”® Furthermore, the
prognosis among elderly patients with BSI is even worse and the mortality is much higher, especially among those super-
elderly patients (age > 85 years old).”® However, due to the increasingly serious aging in the current society,” there are
more and more super-elderly patients without and with BSI, and the prevention for poor prognosis of super-elderly
patients with BSI have been attracting more and more attention.

About risk factors for the poor prognosis of BSI, although previous studies had already pointed out that many risk

1011 the risk factors leading to poor

factors were be associated the mortality of various BSI such as severity of illness,
prognosis of super-elderly patients with BSI may have their typical features. For example, the super-elderly patient might
have multiple risk factors at the same time, such as multiple comorbidities, or a certain risk factor may be more serious,
such as liver failure rather than just liver injury. Similarly, as to be known, timely and early appropriate empirical

antimicrobial therapy is the critical protective factor for the prognosis of BSI,'*!?

while the microbiology about the
species distribution and their antibiotic resistance profiles used to guide empirical antimicrobial therapy should be also
specific among super-elderly patients with BSI. However, there were few specific studies that focused on these typical
risk factors and microbiology among super-elderly patients with BSI currently.

Therefore, in order to understand the latest and special microbiology features about the species distribution and their
antibiotic resistance of BSI among super-elderly patients, we conducted this study in one of the largest tertiary hospitals
in China. And simultaneously, we also hoped that we could find out the special risk factors for the poor prognosis (death)

so as to give the super-elderly patients more targeted treatment to improve their prognosis.

Methods
Previous Work for This Study

This study was undertaken at the Chinese People’s Liberation Army (PLA) General Hospital. The center is one of the
largest comprehensive tertiary medical centers in China and there are more than 140,000 hospitalized patients per year.
Just as descripted in our previous study,” all hospitalized patients who were suspected of BSI by clinicians would receive
a set of blood cultures only when they had symptoms and signs related to BSI such as fever, chills, and unexplained
hypotension. Each set of blood cultures in our hospital included an aerobic blood culture bottle and an anaerobic blood
culture bottle. A positive blood culture was defined as at least one isolation of microorganisms for a set of blood cultures,
including bacterial, fungal and other rare pathogens. All hospitalized patients with positive blood cultures were
considered as being suspicious for BSI, but only patients who had at least one BSI-related clinical symptom and (or)
elevated levels of at least one BSI-related molecular marker were diagnosed with BSI by reviewing the real-time
nosocomial infection surveillance system (RT-NISS) in the hospital. Otherwise, the positive blood culture was considered
a contaminant or colonization.

Identification of the detected strain from blood cultures: Blood cultures were performed at the hospital’s clinical
microbiology laboratory. The blood culture was processed using the BacT/ALERT 3D Microbial Detection System
(Becton-Dickinson, Sparks, MD, USA), and the species identification was performed using the VITEK 2 System
(BioMérieux, Marcy 1'Etoile, France). The implementation standard of the antimicrobial susceptibility test was per-
formed in accordance with the Clinical and Laboratory Standards Institute (CLSI) standards updated annually.

Inclusion and exclusion of BSI: The RT-NISS system identified repeated and identical BSI in the same patient. If the
patient who was diagnosed with BSI had two or more positive blood cultures caused by an identical specie within 14
consecutive days, only the first blood culture was used to diagnose an episode of BSI, and the other cultures were
excluded. However, if the identical BSI recurred after 14 days, the recurrent BSI was considered a new episode of BSI by
the RT-NISS system. Additionally, if the patient had one or more positive blood cultures caused by two or more different
species and each of the species in the blood culture could be diagnosed as BSI, then each species that caused the BSI was
considered as a separate episode of BSI.
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Design and Purpose of This Study

In our previous study mentioned above, we had collected 9381 adult-hospitalized patients diagnosed with BSI in this
hospital from January 1, 2010 to December 31, 2019.* And our purpose and design of this study was to separately screen
those super-elderly patients with BSI from these 9381 adult-hospitalized patients with BSI and conducted this study. For
this purpose, in this study, the super-elderly patient was defined as patient aged 85 years or older. Bloodstream infection
(BSI) was defined as a patient who had detected pathogenic microorganisms by blood culture, and also showed
symptoms and/or signs of infection. The study period was from January 1, 2014 to December 31, 2019.

According to the purpose of this study, out of those 9381 patients diagnosed with BSI mentioned above, there were
5944 adult-patients with BSI from January 1, 2014 to December 31, 2019. And out of 5944 adult-patients with BSI, there
were 431 super-elderly patients (7.3%, 431/5944) aged 85 years or older (=85 years old) enrolled in this study. Those
patients admitted prior to 2014 were not enrolled in this study because many data related to clinical characteristics
required for statistical analysis in this study were not available. And all the following clinical and the microbiological
data of these 431 super-elderly patients with BSI were respectively collected by reviewing the RT-NISS system
mentioned above.

Clinical Features of These 431 Super-Elderly Patients with BSI

All the following clinical data were collected from the medical database by reviewing the RT-NISS system. (1)
Demographics: age (grouped as 85-89, 89—94 and >95 group), gender (male or female), body mass index (BMI), and
the onset date of BSI (the date when the positive blood culture was drawn). (2) gSOFA score (quick sepsis related organ
failure assessment score), which was evaluated based on medical records within 24 h after the onset of BSI. (3)
Comorbidities at the onset of BSI: ischemic cerebrovascular disease, cardiovascular disease (insufficient cardiovascular
blood supply with clinical evidence, such as electrocardiogram and myocardial enzyme abnormalities), pulmonary
infection, diabetes mellitus, chronic liver failure with abnormal serum alanine aminotransferase (ALT), chronic renal
failure with abnormal serum creatinine (SCr), haematologic malignancy, and neutropenia, solid tumor such as lung
cancer and liver cancer. (4) Treatments within 14 days prior to the onset of BSI: indwelling central venous catheter
(CVO), indwelling urinary catheter, surgery (including trauma), invasive mechanical ventilation (tracheostomy or
tracheal intubation), chemotherapy, renal replacement therapy including hemofiltration and dialysis, total parenteral
nutrition, glucocorticoid therapy (defined to the use of methylprednisolone > 1 mg-kg '-day ' or equivalent glucocorti-
coid for at least 2 days), and broad-spectrum antibiotics (defined as the third-fourth generation cephalosporins and
carbapenems). (5) Laboratory test results: inflammatory markers within 24 hours before and after the onset of BSI
including the numbers of leukocyte counts and neutrophils counts. (6) Antibiotics used for empirical antimicrobial
therapy within 72 h after the onset of BSI. Additionally, empirical antimicrobial therapy was also considered appropriate
if the clinical symptom (temperature > 38°C) recovered to normal (temperature < 38°C) within 72 h after empirical
antibiotic therapy. (7) Outcomes (poor prognosis): 7-day short-term mortality and the 30-day long-term mortality. Some
patients lacked the data about the outcome in the database because they had been discharged before 7 days or 30 days,
and their outcome data were obtained by telephone follow-up.

Microbiological Data of These 431 Super-Elderly Patients with BSI

The microbiological data to be collected mainly including the species that caused the BSI among these 431 super-elderly
patients and drug susceptibility to antibiotics of these species. The BSI were divided into fungaemia or bacteraemia, and
the bacteria were mainly categorized as gram-positive cocci, gram-negative bacilli and a few other types of bacteria. In
addition, the antibiotic susceptibility profiles of the bacteria were also collected and presented in detail in this study.

Statistical Analysis

Categorical variables were exhibited as frequency counts and percentages (n, %). According to whether the data met
normality, continuous variables were exhibited as the mean (standard deviation, SD) or median (interquartile range,
IQR). To explore the risk factors for the 7-day mortality and the 30-day mortality, we used univariate regression analysis
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to screen for the possible risk factors and used multivariate regression analysis to identify the independent risk factors.
All variables significant (P<0.05) in univariate analysis were included in the multivariate logistic regression analysis. All
statistical analyses were performed using SPSS 22.0 software (IBM Corp., Armonk, NY, USA) and all results with a 2-
tailed P-value < 0.05 were considered significant.

Results
Typical Clinical Features of These 43| Super-Elderly Patients with BSI

At last, out of 5944 adult-patients with BSI, there were totally 431 super-elderly patients enrolled in this study from
January 1, 2014 to December 31, 2019. In this study, all the clinical data of these 431 super-elderly patients with BSI was
collected by reviewing the electrical medical database (the RT-NISS system). As shown in Table 1, all these super-elderly
patients with BSI were 85 years or older, and the mean age was 88.4 (2.7) years old. Among these patients, age >90 years
old accounted for 31.1% (134/431). In addition, 40 out of these 431 super-elderly patients (9.3%, 40/431) were diagnosed
with BSI within 48 hours after the admission and were defined as community-acquired BSI. The remained 401 super-
elderly patients (90.7%, 401/431) were defined as hospital-acquired BSI because they were diagnosed with BSI after 48
hours of hospitalization.

These super-elderly patients with BSI were typically characterized by the high proportion of patients with various
underlying comorbidities, such as cardiovascular disease (83.8%, 361/431), ischemic cerebrovascular disease (63.3%,
273/431), pulmonary infection (61.0%), chronic renal failure (24.6%), diabetes mellitus (26.2%), chronic liver failure
(9.3%), and solid tumor (29.0%). The proportion of these super-elderly patients who had been hospitalized for >28 days
prior to the onset of BSI was up to 60.1% (60.1%, 259/431), and the residence in ICU at the onset of BSI accounted up to
33.9% (33.9%, 146/431).

In addition, the proportion of these super-elderly patients who had used broad-spectrum antibiotics for more than 2
days within 14 days before the onset of BSI was high up to 57.3% (247/431), and the proportions of patients who had
received various invasive treatments were also high, such as indwelling CVC (53.1%, 229/431), indwelling urinary
catheters (47.1%, 203/431), invasive mechanical ventilation (23.4%, 101/431), and total parenteral nutrition support
(10.7%, 46/431). Unfortunately, due to all of the above features, these super-elderly patients with BSI were relatively
severe, and the proportion of patients with a gSOFA score >2 was up to 31.6% (136/431).

Mortality of These Super-Elderly Patients with BSI and Associated Risk Factors

Due to the above clinical characteristics of these super-elderly patients with BSI, the mortality of these super-elderly
patients after the onset of BSI was extremely high, regardless of the short-term 7-day mortality (13.2%, 57/431), or the
long-term 30-day mortality (24.8%, 107/431).

As shown in Table 1, about the risk factors associated with the high mortality, the univariate analysis showed that
residence in ICU, the qSOFA score>2, ischemic cerebrovascular disease, chronic liver failure, the use of broad-spectrum
antibiotics for more than 2 days within 14 days before the onset of the BSI, indwelling urinary catheter, and appropriate
empirical antimicrobial therapy were all associated with the 7-day short-term mortality (P<0.05). And except these risk
factors above, both pulmonary infection and chronic liver failure were also associated with 30-day mortality (P<0.05).

To assess the independent value of these potentially risk factors for mortality after the onset of BSI among these
super-elderly patients, we included all the 9 risk factors described above into the multivariate logistic regression analysis
to screen the independent risk factors for 7-day short-term and 30-day long-term mortality. As shown in Table 2, among
these super-elderly patients, both the chronic liver failure (OR 7.9, 95% CI 2.3-27.8, P=0.001) and indwelling urinary
catheter (OR 2.3, 95% CI 1.1-4.7, P=0.023) were independent risk factors for 7-day short-term mortality after the onset
of the BSI. However, both the chronic liver failure (OR 2.0, 95% CI 0.9—4.6, P=0.103) and indwelling urinary catheter
(OR 1.2, 95% CI 0.7-2.0, P=0.442) were no longer independent risk factors for 30-day long-term mortality. And
simultaneously, the multivariate logistic regression analysis also showed that both appropriate empirical antimicrobial
therapy and the ischemic cerebrovascular disease were independent protective factors, regardless of 7-day or 30-day
mortality.
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Table | The Typical Clinical Features and Univariate Analysis of Risk Factors for 7-Day Short-Term Mortality and 30-Day Long-Term Mortality Among These Super-Elderly Patients with BSI

n (%) /Mean (SD)* Total 7-Day Short-Term Non-Survival (Mortality) 30-Day Long-Term Non-Survival (Mortality)
n=431 (100%) n=57 (13.2%) OR (95% CI) P-value n=107 (24.8%) OR (95% CI) P-value
Age (years) 88.4 (2.7) 88.6 (1.9) — 88.6 (2.1) —
285 and <90 297 (68.9%) 39 (68.4%) Ref 71 (66.4%) Ref
=90 134 (31.1%) 18 (31.6%) 1.0 (0.6, 1.9) 0.932 36 (33.6%) 1.2 (0.7, 1.9) 0.510
Gender
Male 345 (80.0%) 43 (75.4%) Ref 83 (77.6%) Ref
Female 86 (20.0%) 14 (24.6%) 1.4 (0.7, 2.6) 0.352 24 (22.4%) 1.2 (0.7, 2.1) 0.460
Residence in ICU 146 (33.9%) 26 (45.6%) 1.8 (1.0, 3.1) 0.046* 47 (43.9%) 1.8 (1.1, 2.8) 0.012%
qSOFA score
O0and | 295 (68.4%) 28 (49.1%) Ref 63 (58.9%) Ref
22 136 (31.6%) 29 (50.9%) 2.6 (1.5, 4.5) 0.001* 44 (41.1%) 1.8 (1.1, 2.8) 0.015*
Prior hospital stay length
<28 days 172 (39.9%) 19 (33.3%) Ref 35 (32.7%) Ref
228 days 259 (60.1%) 38 (66.7%) 1.4 (0.8, 2.5) 0.278 72 (67.3%) 1.5 (1.0, 2.4) 0.081
Comorbidity
Cardiovascular disease 361 (83.8%) 48 (84.2%) 1.0 (0.5, 2.2) 0.921 90 (84.1%) 1.0 (0.6, 1.9) 0.909
Ischemic cerebrovascular disease 273 (63.3%) 27 (47.4%) 0.5 (0.3, 0.8) 0.008* 56 (52.3%) 0.5 (0.3, 0.8) 0.007*
Pulmonary infection 263 (61.0%) 41 (71.9%) 1.8 (1.0, 3.2) 0.072 74 (69.2%) 1.6 (1.0, 2.6) 0.048*
Solid tumor 125 (29.0%) 16 (28.1%) 0.9 (0.5, 1.8) 0.868 33 (30.8%) I.1 (0.7, 1.8) 0.629
Diabetes mellitus 113 (26.2%) 14 (24.6%) 0.9 (0.5, 1.7) 0.760 23 (21.5%) 0.7 (0.4, 1.2) 0.201
Chronic renal failure 106 (24.6%) 17 (29.8%) 1.4 (0.7, 2.5) 0.326 34 (31.8%) 1.6 (1.0, 2.6) 0.048*
Chronic live failure 40 (9.3%) 12 (21.1%) 3.3 (1.6, 6.9) 0.002% 15 (14.0%) 1.9 (1.0, 3.9) 0.055
Prior treatment
Broad-spectrum antibiotics 247 (57.3%) 40 (70.2%) 1.9 (1.0, 3.5) 0.037* 74 (69.2%) 2.0 (1.2, 3.1) 0.005*
Indwelling CVC 229 (53.1%) 29 (50.9%) 0.9 (0.5, 1.6) 0.714 59 (55.1%) 1.1 (0.7, 1.7) 0.631
Indwelling urinary catheter 203 (47.1%) 36 (63.2%) 2.1 (1.2, 3.8) 0.010%* 57 (53.3%) 1.4 (0.9, 2.2) 0.141
Invasive MV 101 (23.4%) 13 (22.8%) 1.0 (0.5, 1.9) 0.905 32 (29.9%) 1.6 (1.0, 2.6) 0.070
Total parenteral nutrition 46 (10.7%) 8 (14.0%) 1.4 (0.6, 3.3) 0.380 16 (15.0%) 1.7 (0.9, 3.3) 0.101
Surgery (including trauma) 23 (5.3%) 5 (8.8%) 1.9 (0.7, 5.3) 0.222 5 (4.7%) 0.8 (0.3, 2.3) 0.725
Renal replacement therapy 20 (4.6%) 3 (5.3%) 1.2 (0.3, 4.1) 0.811 6 (5.6%) 1.3 (0.5, 3.5) 0.584
Glucocorticoid therapy 9 (2.1%) 2 (3.5%) 1.9 (0.4, 9.4) 0.428 4 (3.7%) 2.5 (0.7,9.4) 0.182
Laboratory test results
Leukocyte (x10%/L) 1.1 (6.0) 132 (8.9) — 12.0 (7.8) —
Neutrophils (% 10%/L) 9.2 (5.7) 11.5 (8.5) — 10.4 (7.5) —
Appropriate empirical antimicrobial therapy 257 (59.6%) 1 (1.8%) 0.0 (0.0, 0.1) <0.001* 27 (25.2%) 0.1 (0.1, 0.2) <0.001*

Notes: “Categorical variables were exhibited as frequency counts and percentages (n, %). Continuous variables were exhibited as the mean (SD, standard deviation). Treatments were defined to the therapies happened within 14 days
prior to the onset of BSI. Glucocorticoid therapy was defined to the use of methylprednisolone>| mgkg ' day ' or equivalent glucocorticoid for at least 2 days. Broad-spectrum antibiotics were defined as the third/fourth generation
cephalosporins and carbapenems for at least 2 days. Laboratory test results were the results within 24 hours before and after the onset of BSI. *Bold font means that the 9 risk factors (categorical variables) were associated with 7-day
mortality or 30-day mortality in the univariate analysis (P<0.05). But all the 9 risk factors were included in the multivariate analysis (Table 2) for mortality, whatever 7-day mortality or 30-day mortality.

Abbreviations: OR, odds ratio; 95% Cl, confidence interval; CVC, central venous catheter; MV, mechanical ventilation; ALT, alanine aminotransferase; SCr, serum creatinine; qSOFA, quick sepsis related organ failure assessment; Ref,
Reference variable.
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Table 2 The Multivariate Logistic Regression Analysis of Risk Factors for 7-Day Short-Term Mortality and 30-Day
Long-Term Mortality Among These Super-Elderly Patients with BSI

OR (95% Cl) P-value

7-Day Short-Term Non-Survival
(Mortality) n=57 (13.2%)

30-Day Long-Term Non-Survival
(Mortality) n=107 (24.8%)

Residence in ICU
Pulmonary infection
Chronic renal failure
Broad-spectrum antibiotics
qSOFA score22

Chronic live failure
Indwelling urinary catheter

Ischemic cerebrovascular disease

0.9 (0.4, 1.7) 0.659
.1 (0.5, 2.5) 0.725

1.2 (0.5, 2.7) 0.656

1.2 (0.6, 2.5) 0.642

1.7 (0.8, 3.4) 0.143

7.9 (2.3, 27.8) 0.001%
2.3 (1.1, 4.7) 0.023*

Appropriate empirical antimicrobial therapy | 0.0 (0.0, 0.1) <0.001*

0.3 (0.2, 0.7) 0.002*

1.1 (0.7, 1.9) 0.645
1.3 (0.8, 2.3) 0.343

1.4 (0.8, 2.5) 0218

1.5 (0.9, 2.6) 0.128

1.1 (0.6, 1.9) 0.737

2.0 (0.9, 4.6) 0.103

1.2 (0.7, 2.0) 0.442

0.1 (0.1, 0.2) <0.001%*
0.5 (0.3, 0.8) 0.003*

Notes: *Bold font means that the risk factor was statistically P<0.05 and was the independent risk factor among the 9 factors in the multivariate analysis. Both
chronic liver failure and indwelling urinary catheter were independent risk factors for 7-day short-term mortality, but not for 30-day long-term mortality. Both
appropriate antimicrobial therapy and the ischemic cerebrovascular disease were independent protective factors, regardless of 7-day or 30-day mortality.
Abbreviations: OR, odds ratio; 95% Cl, confidence interval; gSOFA, quick sepsis related organ failure assessment.

The Microbiology results of the 431 Super-Elderly Patients with BSI

The 431 species distribution caused the BSI among these 431 super-elderly patients were shown in Figure 1. The results
showed that there were totally 391 bacteria strains (81.4%, 391/431) and were classified as Gram-positive cocci (GPC,
58.5%), Gram-negative bacilli (GNB, 29.9%) and few other types of bacteria (3.0%, Gram-negative cocci and Gram-
positive bacilli). The rest were Fungi (8.6%, 37/431), but all these fungi were Candida albicans in this study. The top
four most common species of GPC were Staphylococcus hominis (18.3%, 79/431), Staphylococcus epidermidis (11.8%,
51/431), Enterococcus faecium (6.5%, 28/431) and Staphylococcus aureus (4.2%, 18/431). The four most common
species of GNB were Escherichia coli (9.7%, 42/431), Klebsiella pneumonia (9.3%, 40/431), Acinetobacter baumannii

Fungi: 8.6% ™~

Other gram negative bacilli: 6.2% —

Acinetobacter baumannii: 2.3% —_

Pseudomonas aeruginosa: 2.3% —
g

Klebsiella pneumoniae: 9.3%

Escherichia coli:9.7% —~

Gram negative cocci
and Gram positive bacilli: 3.0%

Ve Staphylococcus hominis: 18.3%

Gram negative
bacilli: 29.9% Gram positive

coccet: 58.5%

—— Staphylococcus epidermidis: 11.8%

N— Enterococcus faecium: 6.5%

— Staphylococcus aureus: 4.2%

T Other gram postitive cocci: 17.7%

Figure | The species distribution caused the BSI among these 431 super-elderly patients. There were totally 391 bacteria strains (81.4%, 391/431) and were classified as
Gram-positive cocci (58.5%), Gram-negative bacilli (29.9%) and few other types of bacteria (3.0%, Gram-negative cocci and Gram-positive bacilli). The rest were Fungi (8.6%,
37/431), but all these fungi were Candida albicans in this study.
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Table 3 The Antibiotic Susceptibility of All the 391 Bacteria Strains Out of 43| Pathogenic Species Leading to These
Super-Elderly Patients with BSI

Penicillins
Sensitive
Resistance

Cephalosporins
Sensitive
Resistance

Quinolones
Sensitive
Resistance

Aminoglycosides
Sensitive
Resistance

Tetracyclines
Sensitive
Resistance

Carbapenems
Sensitive
Resistance

Erythromycins
Sensitive
Resistance

Sulfamethoxazoles
Sensitive

Penicillin

32 (18.4%)
142 (81.6%)
Ceftazidime
71 (54.2%)
60 (45.8%)
Ciprofloxacin
106 (30.0%)
247 (70.0%)
Gentamicin
216 (63.0%)
127 (37.0%)
Minocycline

I (9.1%)

10 (90.9%)
Meropenem
15 (62.5%)

9 (37.5%)
Erythromycin
46 (19.6%)
189 (80.4%)
Sulfamethoxazole
172 (53.6%)

Ampicillin
19 (14.7%)
110 (85.3%)
Ceftriaxone
22 (21.8%)
79 (78.2%)
Moxifloxacin
53 (24.2%)
166 (75.8%)
Amikacin
82 (69.5%)
36 (30.5%)
Tetracycline
149 (64.8%)
81 (35.2%)
Imipenem
67 (58.8%)
47 (41.2%)

Ampicillin Sulbactam
17 (17.0%)

83 (83.0%)
Cefepime

64 (52.0%)

59 (48.0%)
Levofloxacin

103 (28.8%)

255 (71.2%)

Piperacillin Tazobactam
58 (52.3%)

53 (47.7%)
Cefoperazone sulbactam
13 (54.2%)

Il (45.8%)

Resistance

149 (46.4%)

Notes: All these results were exhibited as frequency counts and percentages (n, %). There were totally 391 bacteria strains among the 43| species
leading to the bloodstream infection (BSI) among these super-elderly patients. Because different strains choose different series of antibiotics for the
antibiotic sensitivity experiment according to the Clinical and Laboratory Standards Institute (CLSI) standards, the total numbers of strains used for
each antibiotic were different. Therefore, the resistance rate of each antibiotic was separately calculated in this study. None of these 391 strains was
resistant to linezolid or vancomycin.

(2.3%, 10/431) and Pseudomonas aeruginosa (2.3%, 10/431). In addition, the antimicrobial susceptibility detailed results
of the resistance to all the 8 antibiotic categories of all the 391 strains were shown in Table 3. The result showed that the
resistance rate of each antibiotic was high among these 391 bacteria strains; however, none of these 391 strains was
resistant to linezolid or vancomycin.

Discussion

Aging becomes more and more serious and brings challenges to the world with the increased average human life
expectancy.'* !¢ Characterized by rapid progression and high mortality, bloodstream infection (BSI) are more lethal for
super-elderly patients who are relatively more vulnerable. And the prevention and treatment of BSI among super-elderly
patients have been attracting more and more attention in modern aging society. For the above reasons, we conducted this
study among super-elderly patients with BSI, and at last, a total of 431 super-elderly patients with BSI in the past 6 years
were included in the study.

Our research data showed that these 431 super-elderly patients with BSI were all over 85 years old and nearly 1/3
were over 90 years old. Just due to their super-elderly age, the proportion of patients with one or more underlying
comorbidities was very high, which is a typical common feature of these super-elderly patients with BSI. Our data
showed that far more than half of these patients had a history of various cardiovascular diseases (83.8%), ischemic
cerebrovascular diseases (63.3%) and/or pulmonary infection (61.0%). Apart from these comorbidities, the other typical
feature of these super-elderly patients with BSI was that most (60.1%) of these patients had been hospitalized in the
hospital for long time (>28 days) before the onset of BSI, and these patients who had received invasive various
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treatments were also more than other ordinary younger patients, such as indwelling central venous catheters (53.1%),
indwelling urinary catheter (47.1%), invasive mechanical ventilation (23.4%) and total parenteral nutrition (10.7%). In
addition, most (57.3%) of these super-elderly patients had used broad-spectrum antibiotics for various infectious diseases
within 14 days before the onset of BSI.

All of these adverse features above are risk factors for causing BSI and may make super-elderly patients with low
immunity more vulnerable to BSI, just has been proved in many literatures.'” 2 And simultaneously, these adverse risk
factors above were also related to the more severity of these super-elderly patients. Our results showed that the
proportion of patients with a qSOFA score > 2 was high up to 31.6% (136/431), which is a score closely associated
with poor prognosis of various infection, including BSI,?' especially sepsis and sepsis shock.?” As a result, these super-
elderly patients with BSI were also more prone to be residence in ICU (66.1%, 285/431) at the onset of BSI, which was
also a risk factor for the development and mortality of BSL.*** And for the severity, the 30-day mortality reached high to
nearly 1/4 (24.8%, 107/431) and the 7-day mortality rate also reached 13.2% (13.2%, 57/431) among these super-elderly
patients with BSI.

The qSOFA score above we used in this study was a fast and simple scoring system used to evaluate the severity and
prognosis of sepsis patients, the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) and
several validation studies have proven that the ability of the gSOFA score to predict in-hospital mortality.**> In addition,
further research had also suggested that a qSOFA score >2 was strongly associated with mortality among patients with
infections and patients with pneumonia.”®?” However, a systematic review and meta-analysis found that positive gSOFA
scores had a high specificity (0.83) for in-hospital mortality and could be used as a clinical tool to promptly identify
patients with infection likely to develop adverse outcomes in patients with suspected or confirmed infection outside the
ICU, but its sensitivity was very low (0.51). Similarly, the sensitivity of positive gSOFA scores in predicting acute organ
dysfunction and predicting ICU admission were also low.?* Fortunately, this study also points out that the sensitivity of a
positive qSOFA score would be enhanced when critically ill patients with sepsis or septic shock, and the sensitivity
would also be increased when the overall mortality >10%. Due to the low sensitivity of a positive qSOFA score, the use
of the gSOFA score to evaluate the morality or severity also had the corresponding limitation in our study. Some patients
with severe illness or poor prognosis might mistakenly display as low qSOFA score, which might lead to bias in our
research results. However, because the majority of our patients were hospital acquired BSI and a large portion of them
reside in the ICU, with an overall mortality rate of 13.2% within the short-term 7 days and up to 24.8% within long-term
30 days, the low sensitivity of a positive gSOFA score might be increased in our study and should not be too low to affect
the accuracy of our results.

About the extremely high mortality, we also screened the potential risk factors associated with the poor prognosis of
these super-elderly patients with BSI. Based on the 9 the potential associated risk factors screened by the univariate
analysis (Table 1), the multivariate analysis revealed that both the chronic liver failure (OR 7.9, 95% CI 2.3-27.8,
P=0.001) and indwelling urinary catheter (OR 2.3, 95% CI 1.1-4.7, P=0.023) were independent risk factors for 7-day
short-term mortality after the onset of the BSI (Table 2).

About chronic liver failure, its important role in mortality could be understood and accepted from the perspective of
the normal function of liver and the adverse impact of chronic liver failure. Due to chronic liver failure, the liver
detoxification function and the synthesis of essential nutrients and energy and are impaired, such as albumin, resulting in

low immunity and easy acquisition of various infections including BSI.*®

Simultaneously, many effective antibiotics that
require liver metabolism cannot be used to cure BSI, which affects the treatment options and prognosis after infection.
All these effects above might make liver failure an independent risk factor for poor prognosis of BSI, which had been
confirmed in many BSI-related studies.?**°

Similarly, as the other independent risk factor, the indwelling urinary catheter was also easy to understand about its
potential clinical value for 7-day mortality. A large number of studies had shown that indwelling urinary catheter itself
was the main iatrogenic factor for urinary tract infection, and indwelling urinary catheter could easily cause urinary tract
injury and spread urinary tract infection into blood, causing BSI.*'** Moreover, because super-elderly patients often need
long-term continuous use of indwelling urinary catheters and up to 47.1% of these super-elderly patients had been

indwelling urinary catheters as showed in this study, urinary tract infections are more difficult to control because most
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pathogenic bacteria are hospital-acquired MDR bacteria and/or fungi.>* However, although chronic liver failure and
indwelling urinary catheter were independent risk factors for 7-day short-term mortality after the onset of these super-
elderly patients with BSI, both of them were not the independent risk factors for 30-day long-term mortality. The reason
for this might was that the long-term prognosis of BSI was related to many factors, and there are various clinical
interference factors of uncertain or unexpected in 30 days. Therefore, it is inappropriate and unreliable to evaluate the
long-term prognosis of BSI by only two or several factors.

In addition to the clinical characteristics above, we had also summarized the pathogenic species causing BSI among these
super-elderly patients. As shown in Figure 1, the common species were gram-positive cocci (GPC) (58.5%), while the Gram-
negative bacilli (GNB) only accounted for 29.9%. This result was different with many previous literature reports. An
investigation conducted in 10 large teaching hospitals from seven geographic regions across China in 2016 based on China
Antimicrobial Surveillance Network (CHINET) showed that Gram-negative bacteria (67.5%) was far more than Gram-
positive bacteria (29.6%), but the BSI in that study was the result of only blood cultures without ruling out contamination and
colonization.>* Some studies had also shown that the proportions of Gram-negative bacteria and Gram-positive bacteria were
similar, with Gram-negative bacteria slightly more than Gram-positive bacteria, regardless of community-acquired blood-
stream infection® or nosocomial bloodstream infection.*®*” However, all the mean ages of patients in those studies were far
below 85 years old, while these super-elderly enrolled in this study were all over 85 years old. Similarly, reported in our
previous study, which included all these super-elderly patients in this study, the proportions of GPC (45.9%) and GNB (42.8%)
among 9381 episodes of patients with BSI of all ages were almost equal.* Contrary to those researches above, there were far
more GPC (58.5%) than GNB (29.9%) among these pathogenic bacteria causing these super-elderly patients with BSI in this
study. This result clearly exhibited the typical feature of the species distribution among these super-elderly patients with BSI,
which might be precisely related to the super-elderly age of these patients themselves. Of course, it might also be related to
other reasons, such as weakened immunity or more invasive procedures, including indwelling central venous catheters,
indwelling urinary catheters, indwelling gastric catheters, etc. However, for any reason, the typical feature about the species
distribution among these super-elderly patients with BSI deserved more attention and further research.

Among these pathogenic species causing BSI among these super-elderly patients, we could find that many of them
were the most common pathogenic species causing current nosocomial infections in China, such as Escherichia coli,
Klebsiella pneumoniae and Staphylococcus aureus.>® At the same time, we also found that most of these pathogenic
bacteria were related to various invasive treatments, and/or bacterial flora imbalance caused by broad-spectrum
antibiotics, especially various opportunistic pathogenic species, which mainly lead to infection in immunocompromised
conditions, such as CoNS, Enterococcus faecalis and Candida albicans. Moreover, as shown in Table 3, these pathogenic
species were mostly resistant to common antibiotics. Therefore, all these results above indicated that these super-elderly
patients were quite vulnerable to BSI and were also difficult to get effective anti-infection antibiotics.

Limitations

Since this study was a retrospective analysis of clinical data, there was a potential for bias and the bias was hard to completely
control in this study. For example, the 30-day mortality in this study was nearly up to 1/4 (24.8%), but some mild or low-risk
elderly patients with good prognosis who were actually BSI might not be diagnosed with BSI from the beginning because their
condition was insufficient for blood culture, which might have increased the mortality in this study. In addition, this study was
a single-center study with a limited number of patients, which might also cause bias in the statistical analysis of the results.
However, we believe that, even if the mortality was overestimated due to these limitations, the potentially increased mortality
will encourage us to pay more attention to the prevention and treatment of BSI among super-elderly patients to improve
outcomes, and could serve as a reference data for further prospective studies to other researchers.

Conclusion

As a global social problem, aging is becoming increasingly serious in many countries, and the prevention and treatment
of bloodstream infection (BSI) among super-elderly patients are relatively vulnerable. Through these super-elderly
patients over 85 years old diagnosed as BSI in the past 6 years, we found that as the most immunocompromised
population, these super-elderly patients with BSI had typical features, regardless of the significant high proportion of
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Gram-positive cocci about species distribution and their high antibiotic resistance to common antibiotics, or typical
clinical features and their risk factors for poor prognosis after the onset of BSI. We believed that these typical features
deserved more attention from clinical medical staff and might be useful for the prevention and treatment of BSI among
super-elderly patients, especially in the current aging society with an increasing number of super-elderly patients in the
hospital.
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resistance; SD, standard deviation; IQR, interquartile range; qSOFA, quick sepsis-related organ failure assessment; GPC,
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