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Abstract:

Objective: We aimed to identify the risk factors associated with 30-day mortality in patients with methicillin-resistant
Staphylococcus spp. (MRS) pneumonia.

Material and Methods: From March 2021 to March 2023, we conducted a prospective, observational study at Cho Ray
Hospital, Viet Nam, in hospitalized patients aged =18 years with pneumonia due to MRS. To assess the risk factors for
30-day mortality, we performed univariable and multivariable logistic regression analyses.

Results: The 30-day mortality was 39.1% (36 out of 92 patients with MRS pneumonia). The risk factors for death within
30 days in cases with MRS pneumonia were severe pneumonia, being overweight, respiratory failure, shock, or having
a medical device (a tracheostomy or endotracheal tube, a central venous catheter, a urinary catheter, or a nasogastric

tube). The 30-day mortality increased proportionally with the number of risk factors.
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Conclusion: Pre-existing factors were associated with the 30-day mortality risk of MRS pneumonia. Therefore,

comprehensive therapy, including initial anti-MRS treatment, might be important for improving outcomes in patients with

the studied risk factors.
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Introduction

Pneumonia is the most common cause of death
from infectious diseases worldwide". In hospital settings,
the mortality rate for pneumonia ranges from 3% to 25%.
Notably, the mortality rate can exceed 30% if a patient is
admitted to an intensive care unit**. Methicillin-resistant
Staphylococcus aureus (MRSA) is associated with significant
morbidity and with a 30-day death rate ranging from 10%
to 41%°. Various studies have identified several risk
factors that may influence MRSA mortality within 30 days,
including age, comorbidities, respiratory failure, shock at
admission, multilobar pneumonia, and discordant empiric
antibiotic therapy*®®.

Coagulase-negative staphylococci (CoNS), especially
methicillin-resistant coagulase-negative staphylococci
(MRCoNS), which are recognized as opportunistic
pathogens, represent a major group of nosocomial
pathogens®™"". In 2023, besides MRSA, the Centers for
Disease Control and Prevention recommended that CoNS
should also be considered a pneumonia pathogen®.

To improve a patient’s prognosis, it is important
to identify particular risk factors for MRSA and MRCoNS
in pneumonia. We, therefore, conducted this research to
identify outcomes and factors associated with the 30-day

mortality rate of patients with MRS pneumonia.

Material and Methods

Study design and participants

We conducted a prospective observational study
on patients diagnosed with pneumonia at Cho Ray
Hospital, Vietnam, from March 2021 to March 2023. Cho
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Ray Hospital is a tertiary hospital in Southern Vietnam
and has approximately 3,000 beds with over 30 clinical
departments. The presence of MRS infection in the patients
involved in this study was confirmed through either culture
or real-time polymerase chain reaction (PCR). Our study
included individuals aged 18 years or older who developed
pneumonia, including cases of community-acquired
pneumonia (CAP), hospital-acquired pneumonia (HAP),

and ventilator-associated pneumonia (VAP).

Data collection

The data collected included demographic factors,
clinical, laboratory, and radiographic findings, treatment
therapies and treatment outcomes.

Treatment outcomes (survivors or non-survivors)
were collected from the discharge summary or a follow-up
phone call to family members.

The risk factors associated with mortality in the study
population included a variety of demographic characteristics,
comorbid conditions, exposure to antibiotics within the last
90 days, history of MRSA infection, severe sepsis requiring
vasopressor support, clinical presentations, laboratory
values, chest x-rays and antibiotic therapies prescribed

during the admission.

Microbiology methods

Staphylococcus spp. were identified by the VITEK
2 Compact or VITEK MS system. Antibiotic susceptibility
testing was performed according to the Clinical and

Laboratory Standards Institute guidelines 2020. Real-time
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PCRs were done using the MRSA Quant Real-TM kit

(Sacace Biotechnologies, Italy)™.

Definitions

Pneumonia was defined by a new lung infiltrate plus
clinical evidence that the infiltrate was of an infectious origin.
The presence of a new or progressive radiographic infiltrate
plus clinical features (fever, leukocytosis or leukopenia,
dyspnea and purulent secretions) as defined in an earlier
study was used as the most accurate combination of criteria
for starting empiric antibiotic therapy”'*'®. CAP, HAP, and
VAP were defined using previously published criteria'".

Severe pneumonia was defined by the following
criteria: (1) the presence of at least one major criterion, such
as the need for invasive mechanical ventilation or septic
shock; (2) the presence of three or more minor criteria,
including a respiratory rate of =30 breaths/min, PaO2/
FiO2 ratio <250 mmHg, multilobar infiltrates, confusion or
disorientation, blood urea nitrogen =20 mg/dL, leucopenia,
thrombocytopenia, hypothermia, or hypotension requiring
aggressive fluid resuscitation™.

MRS was considered the etiologic agent when
confirmed by real-time PCR or when antimicrobial
susceptibility testing was conducted using broth microdilution
in accordance with the Clinical and Laboratory Standards
Institute guidelines’. For clinical purposes, a positive MRS
result was defined as one that was evident in the initial
microbiology test from either blood or a respiratory source
(such as sputum, endotracheal aspirate, bronchoalveolar
lavage, or pleura)”".

A case of MRS pneumonia was defined as an illness
compatible with pneumonia in which MRS was isolated
from a respiratory source (sputum, endotracheal aspirate,
bronchoalveolar lavage, or pleura or blood in an inpatient
setting)®.

30-day mortality was defined as documented death
from any cause within 30 days of a patient being diagnosed

with pneumonia”®".
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Anti-MRS antibiotics included vancomycin, linezolid,
or teicoplanin. Initial anti-MRS antibiotic referred to the
administration of one within the first 48 hours after the

diagnosis of pneumonia”""®.

Statistical analysis

We summarized the data using descriptive statistics.
We used univariable and multivariate logistic regression
analyses to identify factors associated with mortality. The
univariate analysis included the following variables: sex, age,
comorbidities, physical findings, laboratory and radiographic
results, and initial antibiotic therapy. Variables with a
p-value<0.05 from the univariable model were included
in the final multivariable regression model. The adjusted
odds ratios (aORs) as well as 95% confidence intervals
(Cls), were calculated. A p-value<0.05 was considered to
indicate statistical significance. All statistical analyses were

performed using the R Studio program version 4.2.3.

Ethics approval and informed consent

This study was approved by the University of
Medicine and Pharmacy in Ho Chi Minh City, approval
number 196/HBPDB-BHYD. Patient written consent was
obtained before the primary collection of individual patient
data. All personally identifiable information, including the
patient’s name and national identification number, was
encrypted for storage and de-identification after completing

the data collection.

Results

Patient characteristics and 30-day mortality

A total of 207 pneumonia patients underwent
eligibility assessment, of whom 92 cases were infected
with methicillin-resistant Staphylococcus spp. (Figure 1
and Table 1). Table 1 provides baseline characteristics,
identified pathogens, and antibiotic treatments among the
patients. The 30-day mortality was 39.1% (36/92) in the

MRS pneumonia patients.
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Risk factors associated with 30-day mortality in
patients with MRS pneumonia.

Figure 2 shows the survival curves and frequency
distributions of the survivors following the initial anti-MRS
antibiotic over time. Patients not receiving initial anti-
MRS antibiotics had significantly worse 30-day outcomes
(p-value=0.01).

The association between clinical features and
30-day mortality is shown in Table 2. Having severe
pneumonia, being overweight, respiratory failure, shock, or

having a medical device (a tracheostomy or endotracheal
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tube, a central venous catheter, a urinary catheter, or a
nasogastric tube) were all risk factors for death within
30 days (p-value<0.05 in univariate analysis) (Table 2).
However, multivariable regression analysis (Table 3) showed
that these risks were not significant independent factors
in mortality within 30 days, except for the presence of a
tracheostomy or endotracheal tube. Furthermore, a higher
number of risk factors was associated with increased 30-
day mortality rates (Figure 3A), particularly in patients with

two or more risk factors (Figure 3B).
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MRSA=methicillin-resistant Staphylococcus aureus., MRS=methicillin-resistant Staphylococcus spp.

Figure 1 Study flow chart of patients with pneumonia
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Figure 2 Distribution of 30-day mortality depending on receiving initial anti-MRS antibiotic in pneumonia

Table 1 Patient characteristics and outcomes

Characteristic Number of patients (n=207) Rate (%)
Demographic factors
Male gender 146 70.5
Age
Years. mean+S.D. 60.5+16.0
=60 years 116 56.0
Types of nosocomial pneumonia
HAP 13 54.6
VAP 31 15.0
CAP 63 30.4
Bacteraemia
Non-MRS 115 55.6
MRS 92 44.4
Antibiotic therapy
Anti-MRS antibiotics 147 71.0
Standard antibiotics 207 100.0
30-day mortality 71 34.3

S.D.=standard deviation, HAP=hospital-acquired pneumonia, VAP=ventilator-associated pneumonia, CAP=community-acquired pneumonia,

MRS=methicillin-resistant Staphylococcus spp.
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Table 2 Survivor and non-survivor rates by clinical characteristics of the study patients with MRS pneumonia

Variable Survivors (n=56) Non-survivors (n=36) p-value
Sex
Female 18 (32.1) 10 (27.8) 0.832
Male 38 (67.9) 26 (72.2)
Age
Under 60 25 (44.6) 14 (38.9) 0.742
Above 60 31 (55.4) 22 (61.1)
Age (years, mean+S.D.) 59.5+18.3 62.8+12.6 0.306
BMI
Underweight 18 (32.1) 6 (16.7) 0.160
Normal range 23 (41.1) 17 (47.2) 0.715
Overweight 6 (10.7) 12 (33.3) 0.016
Obese 9 (16.1) 1(2.8) 0.098
Type of nosocomial pneumonia
HAP 31 (55.4) 15 (41.7) 0.334
VAP 7 (12.5) 8 (22.2)
CAP 18 (32.1) 13 (36.1)
Comorbidities
Myocardial infarction 2 (3.6) 1(2.8) 1.0
Congestive heart failure 8 (14.3) 4 (11.1) 0.901
Peripheral vascular disease 1(1.8) 0 (0.0) 1.0
Solid tumor 3 (5.4) 2 (5.6) 1.0
Cerebrovascular disease 0 (0.0) 2 (5.6) 0.293
Ulcer disease 4 (7.1) 3 (8.3) 1.0
Diabetes 11 (19.6) 4 (11.1) 0.428
Chronic obstructive pulmonary disease 10 (17.9) 4 (11.1) 0.561
Moderate or severe renal disease 8 (14.3) 7 (19.4) 0.715
Diabetes with complications 12 (21.4) 10 (27.8) 0.655
Hemiplegia 5 (8.9) 2 (5.6) 0.847
Moderate or severe liver disease 5 (8.9) 3 (8.3) 1.0
Metastatic solid tumor 1(1.8) 3 (8.3) 0.328
AIDS 2 (3.6) 1(2.8) 1.0
Commodity Channel Index 2 (0-6) 2 (0.0-7.3) 0.524
Previously infected with MRSA 4 (7.1) 1(2.8) 0.667
Prior intravenous antibiotic use within 90 days 45 (80.4) 29 (80.6) 1.0
Immunodeficiency 9 (16.1) 8 (22.2) 0.641
Severe pneumonia 41 (73.2) 35 (97.2) 0.007
Fever 2 (3.6) 6 (16.7) 0.072
Skin infection 24 (42.9) 14 (38.9) 0.873
Respiratory failure 40 (71.4) 35 (97.2) 0.005
Shock 5 (8.9) 11 (30.6) 0.017
Tracheostomy tube or endotracheal tube 18 (32.1) 31 (86.1) <0.001
Central venous catheterization 23 (41.1) 24 (66.7) 0.029
Urinary catheterization 20 (35.7) 26 (72.2) 0.001
Nasogastric intubation 21 (37.5) 28 (77.8) <0.001
Pleural drainage 5 (8.9) 5 (13.9) 0.687
Consolidation 54 (96.4) 34 (94.4) 1.0
Pulmonary cavities 4 (7.1) 3 (8.3) 1.0
Pneumatoceles 10 (17.9) 5 (13.9) 0.831
Pleural effusion 32 (57.1) 19 (52.8) 0.844
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Table 2 (continued)

Variable Survivors (n=56) Non-survivors (n=36) p-value
WBC, count/mm®, mean+S.D. 15.4+6.7 14.9+7.2 0.701
Neutrophils, median and (2.5"-97.5") percentiles 11.8 (4.2-26.9) 12.7 (2.7-26.0) 0.734
Initial anti-MRS antibiotic 38 (67.9) 20 (55.6) 0.331

S.D.=standard deviation, HAP=hospital-acquired pneumonia, VAP=ventilator-associated pneumonia, CAP=community-acquired
pneumonia, BMI=body mass index, AIDS=acquired immunodeficiency syndrome, WBC=white blood cell, MRS=methicillin-resistant
Staphylococcus spp.

Table 3 Risk factors predictive of MRS pneumonia by multivariate logistic regression

Characteristic aORs 95% Cl p-value
Age 1.02 0.98-1.06 0.327
Overweight 3.08 0.85-12.72 0.097
Severe pneumonia 4.25 0.33-200.27 0.344
Respiratory failure 5.27 0.50-198.51 0.238
Shock 1.76 0.42-8.14 0.450
Tracheostomy tube or endotracheal tube 5.42 1.32-25.55 0.023
Central venous catheterization 0.35 0.05-1.86 0.244
Nasogastric intubation 6.94 0.52-220.40 0.177
Urinary catheterization 0.37 0.01-4.17 0.465

MRS=methicillin-resistant Staphylococcus spp, aORs=adjusted odds ratios, 95% Cl= 95% confidence interval

% 30-day mortality
50
p <0.05
40
30
20
10
0 T
<2 22 Risk factor
B sk factors
Number of Total 30-day mortality
risk factors (n=92) n=92)
0-1 14 (15.2) 0 (0)
2 14 (15.2) 1(1.1)
3 14 (15.2) 5(54)
A >4 50 (54.3) 30 (32.6)

MRS=methicillin-resistant Staphylococcus spp.

Figure 3 30-day mortality in MRS pneumonia patients with different numbers of risk factors
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Discussion

To find out factors associated with 30-day mortality
in the study patients with MRS pneumonia, we analyzed
(1) the rate of 30-day mortality in MRS pneumonia patients
and (2) several risk factors associated with 30-day mortality,
including demographic factors, comorbidities, clinical
symptoms, laboratory findings, image features, and anti-
MRS antibiotic therapy.

MRSA and MRCoNS have been recognized as

serious pathogens in pneumonia'®'®"®™

. Nowadays,
Methicillin-resistant staphylococcal pneumonia has
become an increasing concern worldwide because it is
associated with high overall mortality and multiple antibiotic

1,4,5,7,11

resistance . The 30-day all-cause mortality rate

57,11

ranges from 28% to 41%”"". The frequency of this mortality

increases with age, comorbidities, severe pneumonia, and

complications®”"*

. Therefore, early recognition of MRS
infections and evaluation of factors influencing mortality are
crucial for improving patient outcomes.

In this study, we examined the risk factors for
30-day mortality in patients with MRS pneumonia. The
independent risk factors were severe pneumonia, being
overweight, respiratory failure, shock, or having a medical
device (a tracheostomy or endotracheal tube, a central
venous catheter, a urinary catheter, or a nasogastric tube)
(Table 2). Patients with two risk factors had a substantially
higher 30-day mortality (Figure 3). Therefore, the presence
of 2 or more risk factors at diagnosis was a predictor of
adverse outcomes'® .

Comprehensive treatments would be needed to
improve the outcomes in patients with MRS pneumonia’,
such as appropriate initial antibiotics and other adjunctive
therapieszz. Currently, recommended initial antibiotics for
probable MRS pneumonia are vancomycin, linezolide, or

72 Table 2 shows the adverse association our

teicoplanin
study found concerning medical devices on patient mortality,
which suggests the benefits of early removal of unnecessary

medical devices (tracheostomy or endotracheal tubes,
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central venous catheters, urinary catheters, or nasogastric
tubes)®. Also, clinical signs of treatment failure for MRS
pneumonia, such as fever, respiratory failure, or shock,
should prompt repetitions of microbiology tests to help guide
the choice of definite therapy™.

The findings of our study carry potential implications
for MRS pneumonia management. The 30-day mortality in
our study patients with MRS pneumonia was high. Timely
interventions in patients with many risk factors, such as
removing medical devices and anti-MRS antibiotic therapy,
may significantly contribute to achieving better outcomes.
Our study had several limitations. First, we assessed the
30-day all-cause mortality as the endpoint. However,
causes of death can include other comorbid diseases
such as cardiac diseases or neurologic diseases. Second,
detailed information about adjunctive therapies was not
obtained. Third, other microbiological factors we did not
cover could affect mortality; therefore, further studies of the
assessment of comorbidities, microbiological factors, and

adjunctive therapies for these risk factors need to be done.

Conclusion

Respiratory failure, shock, or having a medical device
were all risk factors for death within 30 days in patients
with MRS pneumonia. For patients with two or more risk
factors, initiating anti-MRS antibiotic therapy and providing

comprehensive care are necessary.
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