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Abstract

Background Methicillin-resistant Staphylococcus aureus (MRSA) bacteremia is a major concern in the global
healthcare system. However, data from Asian regions dealing with the singularity of this infection in older persons
is lacking. We aimed to identify the differences in the clinical characteristics and outcomes of MRSA bacteremia
between adults aged 18-64 and > 65 years.

Methods A retrospective study cohort was conducted at the University Malaya Medical Centre (UMMC) on cases of
MRSA bacteremia from 2012 to 2016. Patient demographic and clinical data were collected for risk factors analyses.

Results New cases of MRSA bacteremia showed a trend of increase from 0.12 to 100 admissions in 2012 to 0.17

per 100 admissions in 2016 but a drop was observed in 2014 (0.07 per 100 admissions). Out of the 275 patients

with MRSA bacteremia, 139 (50.5%) patients were aged > 65 years old. Co-morbidities and severity at presentation
were significantly higher among older adults, including diabetes mellitus (p=0.035), hypertension (p=0.001), and
ischemic heart disease (p <0.001), as well as higher Charlson Comorbidity Index (p <0.001) and Pitt bacteremia scores
(p=0.016). Central line-associated bloodstream infections were more common among younger patients (37.5% vs.
17.3% in older patients, p <0.001), while skin and soft tissue infections are more frequent among older adults (20.9%
vs. 10.3% in younger patients, p=0.016). All-cause mortality and in-hospital mortality were significantly higher in
older patients (82.7% and 56.1% vs. 63.2% and 28.7% in younger patients, p <0.001). Multivariate analysis revealed
age > 65 years (adjusted odds ratio: 3.36; 95% confidence interval: 1.24-9.13), Pitt score > 3 (2.15; 1.54-3.01), hospital
(6.12; 1.81-20.72) and healthcare (3.19; 1.30-7.81) acquisition of MRSA, indwelling urinary catheters (5.43; 1.39-21.23),
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inappropriate targeted treatment (8.08; 1.15-56.86), lack of infectious disease team consultation (2.90; 1.04-8.11) and
hypoalbuminemia (3.31; 1.25-8.79), were significant risk factors for 30-day mortality.

Conclusion Older patients'risk of mortality from MRSA bacteremia was three times higher than younger patients.
Our data will contribute to developing and validating a robust scoring system for risk-stratifying patients to achieve

better management and improved clinical outcomes.

Keywords Healthcare-associated, Hospital-acquired, Hypoalbuminemia, Methicillin-resistant Staphylococcus aureus

(MRSA), Older adults, Risk factors

Background

The global population aged 65 years and above has
increased from 7.6 to 9.3% within the past decade [1].
By 2050, 65 years and older individuals are estimated to
represent 15.9% of the global population [1]. Currently,
Malaysia is officially considered an aging nation since the
population aged 65 years and above has reached 7.3% of
the total population in 2022 [2]. Increasing age is asso-
ciated with increased susceptibility to ill health, includ-
ing infections, which will have a great impact on medical
and socioeconomic systems in a developing country. Co-
morbid illnesses, exposure to medical devices, multiple
procedures, institutionalization, frailty, sarcopenia, mal-
nutrition, and disability may all contribute to higher rates
of infection in older patients. In general, infections are
more frequent in older individuals compared to young
adults and carry higher risks of hospitalization and mor-
tality [3]. Despite antimicrobial therapy, older patients
experience poorer outcomes due to delayed therapy and
diagnosis because of vague and atypical disease presenta-
tions [4].

Staphylococcus aureus is a Gram-positive bacterium
that colonizes the nares, axillae, vagina, pharynx, and
damaged skin surfaces. S. aureus has been identified as
an important etiologic agent of nosocomial infections [5].
While S. aureus usually leads to just minor skin infec-
tions (e.g., folliculitis) [6], penetration into deeper tissues
and the bloodstream through the injured skin or mucosal
membranes could result in severe infections, leading to
bacteremia [7]. Even with surgical procedures and anti-
microbials, bacteremia caused by S. aureus is often asso-
ciated with high morbidity and mortality [7].

S. aureus is essentially classified into two groups based
on antibiotic susceptibility: methicillin-susceptible
S. aureus (MSSA) and methicillin-resistant S. aureus
(MRSA) [8]. MRSA infections are reportedly associated
with a significant increase in all-cause mortality, infec-
tion-attributable mortality, intensive care unit (ICU)
mortality, post-infection length of stay, length of stay in
ICU, and septic shock [9]. In 2019, over 100,000 deaths
have been attributed to antimicrobial resistance world-
wide, with MRSA accounting for a large proportion
of these deaths [10]. Asia represents a region with the
highest prevalence of MRSA, with reports in Southeast

Asian countries suggesting a highly variable prevalence of
2—-80% [9, 11]. When it was first discovered, MRSA was
considered a nosocomial infection. However, since the
late 1980s, the emergence and worldwide dissemination
of community-acquired MRSA have been documented
[8, 12]. MRSA is the major cause of global S. aureus
bacteremia cases and is often associated with higher
mortality rates and poorer clinical outcomes compared
to MSSA [13]. Given the increasing level of threats and
changing epidemiology, timely updates of the surveil-
lance on the epidemiology, clinical characteristics, and
outcomes of MRSA bacteremia are essential.

This study aims to determine the differences in clini-
cal characteristics and outcomes of MRSA bacteremia
between patients aged 18-64 years and those aged 65
years and over and to identify factors associated with
increased risk of infection. The findings of this study will
inform future epidemiological, clinical and molecular
studies to guide the development of evidence-based man-
agement of MRSA bacteremia.

Materials and methods

Study population and clinical data collection

This retrospective observational study cohort was
conducted at the University Malaya Medical Centre
(UMMC), a tertiary teaching hospital located in Kuala
Lumpur, Malaysia. Ethics approval was obtained from
the UMMC medical research ethics committee (MEC-
ID: 20145-168). Consecutive patients who had MRSA
isolated from blood cultures taken between 1st January
2012 to 31st December 2016 were identified from the
Medical Microbiology Diagnostic Laboratory database.
All adult patients (aged 18 years and older) with MRSA
bacteremia during this period were included. A standard-
ized case report form was used to collect all required data
extracted from patient case notes (for cases between Jan-
uary 2012 — September 2014) and the hospital electronic
medical records (for cases from October 2014 onwards).
Demographic and clinical data collected included age,
sex, ethnic origin, co-morbidities, length of hospital stay,
source of acquisition (hospital, healthcare-associated or
community), site of infection, previous antibiotic use,
principal clinical manifestations, presence of indwelling
devices, source control, antibiotic treatment, follow-up,
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and outcomes at 14 days, 30 days, 90 days, and 6 months
after first positive culture, relapses, and recurrences of
MRSA bacteremia.

Incidence, comorbidity, and severity of bacteremia

The MRSA bacteremia cases/100 admissions were calcu-
lated using the total adult admissions for the respective
years as the denominator. Co-morbidities and severity
of sepsis were measured by the Charlson Comorbidity
Index [14] and Pitt bacteremia scores [15], respectively.

Sources of methicillin-resistant Staphylococcus aureus
acquisition

Individuals who had MRSA identified from at least one
blood culture with or without clinical signs and symp-
toms of infection were identified. The sources of MRSA
acquisition were categorized according to the Friedman
criteria [16]: hospital-acquired MRSA (HA-MRSA),
healthcare-associated (HCA-MRSA), or community-
acquired (CA-MRSA). HA-MRSA was defined as iso-
lation of MRSA from blood cultures taken greater than
48 h after admission but there were no signs or symptoms
of infection at admission. HCA-MRSA was defined as
bacteremia in patients that were admitted to the health-
care system within the past 3 months or within 30 days
post-operation, if the MRSA was isolated from a surgical
site infection, or within a year of operation for medical
device implant. These included patients from a nursing
home or were on hemodialysis. Isolation of MRSA from
the blood within 48 h of hospital admission with the risk
factors mentioned above was labeled as HCA-MRSA.
CA-MRSA was defined as isolation of MRSA from the
blood samples obtained within 48 h of admission and the
episode did not fit the above conditions of HCA-MRSA.
The classification of bloodstream infections into HA,
HCA, and CA sources is supported by the epidemiologic,
microbiologic, and outcome characteristics of these three
categories of infections [17, 18].

Sources of bacteremia

The bacteremia sources were defined according to the
Centre for Disease Control and Prevention (CDC) cri-
teria [19]. Briefly, central line-associated bloodstream
infections (CLABSI) were confirmed by the recovery of S.
aureus from two or more blood cultures in a patient who
had a central line at the time of infection or within 48 h
before the development of infection. Surgical site infec-
tion (SSI) was defined based on the CDC criteria [19].
Catheter-associated urinary tract infections (CA-UTI)
were considered symptomatic urinary tract infections in
a patient who had an indwelling urinary catheter at the
time of or within 48 h before infection onset. Primary
bacteremia was defined as bacteremia which occurred in
the absence of an apparent portal of entry and other sites
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of infection after careful examination of the clinical, labo-
ratory, and imaging data. Skin and soft tissue infection
(SSTI) was defined according to the Infectious Diseases
Society of America (IDSA) guidelines [20].

Management

Empirical antibiotic use was affirmed if administered
after the onset of symptoms but before microbiological
information was obtained. Initial antibiotic treatment
was considered appropriate if the strain was susceptible
to at least one of the antibiotics administered according
to the Clinical and Laboratory Standards Institute (CLSI)
breakpoints during the time of analysis except for amino-
glycosides, which were considered inappropriate regard-
less of the susceptibility test results [21].

The management strategies employed include the
request for a transthoracic or transesophageal echocar-
diogram (if clinically indicated based on guideline rec-
ommendations), the number of repeat cultures obtained
every 72 h until culture negative, removal of implanted
prostheses and/or catheters, initiation of an antimicrobial
agent with activity against MRSA and duration of treat-
ment was recorded [22]. Definitive antimicrobial referred
to the administration of antibiotics after the availability
of culture and sensitivity results. Antibiotic treatment
was considered appropriate if the strain was susceptible
to at least one of the administered antibiotics including
vancomycin, daptomycin, linezolid, tigecycline, and cef-
taroline. If the primary team requires further advice in
the management of a patient with bacteremia, an infec-
tious disease (ID) consultant is sought, who will then
review and advise on the management as per the hospi-
tal’s guidelines.

Outcomes

The outcomes recorded include persistent and recurrent
bacteremia, mortality, and length of stay. Persistent was
defined as bacteremia of 7 days or longer despite optimal
treatment [23]. Recurrent bacteremia was defined as the
recurrence of the bacteremia occurring 14 days or more
after blood cultures had turned negative [24]. All-cause
mortality at days 14, 30, and 6 months from the first posi-
tive blood culture was documented. The follow-up on
patient mortality after discharge was done by contacting
the National Registration Department to obtain data on
deaths for all patients included in this study. The follow-
up period was up to 180 days from the end of the study
in December 2016. Readmission data was only collected
for patients who had been re-admitted to UMMC. The
length of stay was defined as the termination of stay (dis-
charge alive/dead) after the onset of bloodstream infec-
tion [25].
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Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 25 (SPSS Inc., Chicago, IL, USA). Baseline data
including patients’ demography, clinical characteristics,
disease severity, and clinical and treatment outcomes
were compared between patients aged 18 to 64 years
and those aged 65 years and above. Continuous variables
were represented as meanzstandard deviation (SD) and
compared using the Student t-test. Categorical variables
were represented as count (n) and frequency (%) and
compared using the Chi-squared or Fisher’s exact test,
as appropriate. Statistical significance was established at
p<0.05. All variables were included in a multiple regres-
sion analysis to determine the significant predictors of
early (14-day) and 30-day mortality. The risk factors,
or factors associated with mortality, were expressed as
adjusted odds ratios (AOR) with 95% confidence inter-
vals (CI). Survival probabilities at 14, 30, and 180 days
were compared between the two age groups using the
Log-rank test. A Kaplan-Meier survival curve was plotted
to compare the cumulative survival of the two age groups
at three and six months.

Results

Annual incidence rates of methicillin-resistant
Staphylococcus aureus bacteremia

A total of 275 unique cases of MRSA bacteremia were
identified between 2012 and 2016. Table 1 summarizes
the annual number of cases per 100 admissions. The
overall MRSA bacteremia rates ranged between 0.12 and
0.17 per 100 admissions, with a lower number of cases
documented in the years 2014 and 2015. The cases of
HA-MRSA infections per 100 admissions were generally
higher than that of the HCA- and CA-MRSA infections,
except for the year 2016 which documented a higher
number of HCA-MRSA cases. The yearly incidence of
MRSA bacteremia was higher in the older compared to
the younger patient population. In 2012, the number of
cases per 100 admissions in patients aged 65 years and
older was 0.22 per 100 admissions compared to 0.08 per
100 admissions in adults aged less than 65 years and this
rose to 0.33 per 100 admissions compared to 0.11 per 100
admissions respectively in 2016.
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Demographics, clinical characteristics, and illness severity
by age group

Approximately half of the patients (n=139, 50.5%) were
aged 65 years and older. Male patients (n=165, 60%) were
more represented than female patients (n=110, 40%).
Most of the patients were of Malay (n=98, 35.6%) and
Chinese (n=97, 35.3%) ethnicities, followed by Indians
(n=76, 27.6%) and others (n=4, 1.5%). The average length
of hospital stay was 24.2 days with a 19.3% ICU admis-
sion rate. Most of the patients were previously hospital-
ized (88%) with the majority of them reporting a recent
hospitalization (less than three months ago; 60.7%). More
than half of the MRSA bacteremia cases were associated
with HA infections (52.7%), followed by HCA (35.6%)
and CA (11.6%) infections. Approximately 66.3% of the
patients with HCA infection had been previously admit-
ted to UMMC.

A comparison of patients’ demography and clini-
cal characteristics between age groups revealed signifi-
cant differences in ethnicity (p<0.001), more common
use of continuous bladder drainage (p=0.003), and
other devices (chest tube, nasogastric (NG) tube, pros-
thetic valve, pacemaker, prosthetic implants, or cerebral
shunts) (p=0.016), and higher rates of diabetes mellitus
(p=0.035), hypertension (p=0.001), and ischemic heart
disease (p<0.001) among the older patients (Table 2).
Similarly, older patients had higher Charlson Comorbid-
ity Index (p<0.001) and Pitt bacteremia scores (p=0.016)
than patients aged<65 years old. The rate of CLABSI
was significantly higher in patients aged<65 years old
(p<0.001) while skin and soft tissue infections were more
common among older individuals (p=0.016). A greater
number of MRSA bacteremia in patients aged <65 years
old were associated with removable sources such as cen-
tral lines (p=0.005). A total of 76 patients had polymicro-
bial infections and the organisms identified were mainly
methicillin-resistant coagulase-negative staphylococci
(n=36), Enterococcus faecalis (n=12), pan-susceptible
Acinetobacter baumannii (n=8), pan-susceptible Kleb-
siella pneumoniae (n=13), and Enterococcus faecium
(n=7).

Table 1 Methicillin-resistant S. aureus bacteremia rates from 2012 to 2016

Year No. of cases Total adult admissions Cases/100 admissions
lyear Overall HA-MRSA HCA-MRSA CA-MRSA
2012 54 44,836 0.12 0.08 0.02 0.02
2013 64 46,575 013 0.08 0.05 0.01
2014 36 49,681 0.07 0.04 0.02 0.01
2015 44 45,494 0.10 0.05 0.03 0.01
2016 77 44,675 0.17 0.07 0.09 0.02

MRSA: methicillin resistance staphylococcus aureus; HA: hospital-acquired; HCA: healthcare-associated; CA: community-acquired
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Table 2 Clinical characteristics by age groups

18-64 years 265 years p-value
(n=136,49.5%) (n=139,50.5%)
Age, mean (SD)? (years) 4934 (12.03) 74.94 (7.20) <0.001*
Gender, n (%)
Male 84 (61.8) 81(583) 0.555
Female 52(38.2) 58 (41.7) 0.555
Ethnicity, n (%)
Malay 47 (34.6) 51(36.7) 0.712
Chinese 35(25.7) 62 (44.6) 0.001*
Indian 50 (36.8) 26 (18.7) <0.001*
Others 4(29) 0(0) 0.058
Classification, n (%)
Hospital-acquired 70(51.5) 74 (53.2) 0.769
Healthcare-associated 53(39.0) 46 (33.1) 0.310
Community-acquired 13 (9.6) 9(13.7) 0.288
Length of stay in survivors, mean/n (%) 29.5/97 (71.3) 22.6/61 (43.9) 0417
Intensive Care Unit admission, n (%) 24 (17.6) 29 (20.9) 0499
Devices in situ during infection, n (%)
Peripheral venous line 134 (98.5) 137 (98.6) 0.982
Central venous lines 36 (26.5) 25 (18.0) 0.090
Continuous bladder drainage 50 (36.8) 76 (54.7) 0.003*
Others (chest tube, nasogastric tube, prosthetic valve, pacemaker, prosthetic implants, or cerebral 17 (12.5) 33(23.7) 0.016%
shunt)
Previous hospitalization, n (%)
Less than 3 months 89 (65.4) 78 (56.1) 0.168
3 months or more 28 (20.6) 47 (33.8) 0.092
None 19(13.2) 14 (10.1) 0.238
Co-morbidities, n (%)
Chronic Kidney Disease 71(53.0) 86 (62.8) 0.103
End Stage Renal Failure 27 (20.1) 16 (11.7) 0.056
Diabetes Mellitus 70 (51.5) 89 (64.0) 0.035*
Hypertension 74 (54.4) 103 (74.1) 0.001*
Airway diseases 4(3.0) 10(7.2) 0.109
Ischemic Heart Disease 11(8.1) 38(27.3) <0.001*
Others 66 (48.5) 68 (48.9) 0.948
Infection-severity and biochemical data
Pitt bacteremia score >3, n (%) 17 (12.5) 33(23.7) 0.016*
Charlson score, mean (SD) 414 (2.83) 6.65 (3.05) <0.001*
Charlson score >4, n (%) 59 (434) 111 (79.9) <0.001*
Albumin, mean (SD) 26 25 0514
Hypoalbuminemia (albumin <29 g/L), n (%) 90 (66.1) 99 (71.2) 0.367
Exposure to antibiotics in the last 90 days, n (%) 88 (64.7) 84 (60.4) 0.673
Types of antibiotics exposure in the last 90 days, n (%)
Beta lactams 76 (86.4) 76 (90.5) 0.400
Glycopeptide (Vancomycin) 15(17.0) 8(9.5) 0.147
Fluoroquinolone (Ciprofloxacin) 11(12.5) 10(11.9) 0.905
Polymyxin (Colistin) 4 (4.5) 3(3.6) 0.747
Macrolide 5(5.7) 7(8.3) 0495
Lincosamide (Clindamycin) 1(1.1) 0 (0) 0.327
Others 24(27.3) 15(17.9) 0.140
Site of Infection, n (%)
Primary bacteremia 39(28.7) 51(36.7) 0.157
Central line-associated bloodstream infection 51(375) 24(17.3) <0.001*

Respiratory (community/hospital-acquired pneumonia and ventilator-associated pneumonia) 20(14.7) 27 (194) 0.299
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Table 2 (continued)
18-64 years 265 years p-value
(n=136,49.5%) (n=139,50.5%)
Skin and soft tissue infection 14 (10.3) 29 (20.9) 0.016*
Bones and joints 4(29) 4(29) 0.975
Others 8(5.9) 4(29) 0.223
Poly-microbial bacteremia, n (%) 37 (27.2) 39 (28.1) 0.796
Removable Sources, n (%) 71 (55.0) 55 (41.0) 0.020*
Pus / Collections 15(21.1) 8(327) 0.142
Line 52(73.2) 27 (49.1) 0.005*
Others 4 (5.6) 0(18.2) 0.026*

*p-value<0.05 indicates statistical significance
2SD: Standard deviation

Table 3 Treatment and clinical outcomes of patients by age

groups
18-64 >65 p-value
years years
(n=136) (n=139)
Empirical antibiotics, n (%) 133(97.8) 137(98.6) 0.760
Effective MRSA empiric therapy, n (%) 19(14.2)  25(183) 0374
Targeted MRSA treatment, n (%) 108 (80.6) 102 (73.4) 0.515
Vancomycin 103 (75.7)  99(71.2) 0.397
Linezolid 2(15) 1(07) 0549
Vancomycin + Linezolid 3(2.2) 2(1.4) 0.303
None 28(20.6) 37 (26.6) 0.239
Treatment duration, mean (SD)? days 16.27 1165 0.017*
(18.1) (134)
Appropriate treatment duration, n 102 (944) 46(434)  0.005*
(%)
Infectious disease team consult, n (%) 45 (41.3) 32 (30.5) 0.100
Repeated blood cultures obtained, 92(676) 73(525)  0.010*
n (%)
Persistent bacteremia, n (%) 37(272) 35(25.2) 0.281
Recurrent bacteremia, n (%) 2(89) 8(58) 0422
Overall all-cause mortality, n (%) 86 (63 2) 115(82.7) <0.001*
In hospital mortality, n (%) 39(28.7) 78(56.1) <0.001*
Early mortality (14 days), n (%) 21(154)  44(31.7)  0.002*
Mortality in 30 days, n (%) 32(235) 67(482) <0.001*
Mortality in 180 days, n (%) 61(44.9) 100(719) <0.001*

*p-value<0.05 indicates statistical significance
2SD: Standard deviation

Treatment, clinical outcomes, and mortality for patients by
age group

Table 3 summarizes the treatment and clinical outcomes
of MRSA bacteremia patients from both age groups.
Most of the patients received empirical therapy (>97% in
both groups). However, only 14—18% of the empiric treat-
ments were effective. Vancomycin (71-76%) was most
frequently prescribed in targeted treatments, followed
by a combination of vancomycin and linezolid (1-2%),
and linezolid alone (<£1.5%). Approximately 20-26% of
the patients did not receive targeted antibiotic treatment.
Older patients had significantly shorter treatment dura-
tion than patients aged <65 years old (p=0.017), differing

by 5 days on average. However, more than half of the
older patients (56.6%) did not receive adequate treat-
ment duration for MRSA bacteremia and only 52.5% of
the older patients had repeated blood cultures. A signifi-
cantly greater proportion of patients in the younger age
group (<65 years old) received appropriate treatment
duration (p=0.005) and had repeated blood cultures
(p=0.010). Generally, less than half of the patients in
both age groups (30-41%) had obtained an expert infec-
tious disease team consultation. A quarter of the patients
had persistent bacteremia (25-27%) but recurrent bacte-
remia was less frequent (5-9%). All-cause mortality and
in-hospital mortality were significantly higher among
older patients (82.7% and 56.1%, respectively) compared
to patients aged <65 years old (63.2% and 28.7%, respec-
tively) (p<0.001). Similarly, the mortality at 14 (p=0.002),
30, and 180 days (p<0.001) were significantly higher
among older patients. In our cohort, four patients had
passed away within 48 h of blood cultures being taken, all
of them were more than 65 years old, had HA bacteremia
and one was on effective antibiotics at the time of death.

Risk factors associated with mortality

All variables including patient demographic data, clinical
characteristics, disease severity, treatment, and clinical
outcomes were assessed to determine the risk factors for
early (14-day) and 30-day mortality in the patients with
MRSA bacteremia. Multivariate analysis revealed that old
age (=65 years old), infections caused by HCA-MRSA,
hypoalbuminemia (<29 g/L), and inappropriate targeted
treatment for MRSA bacteremia were significantly asso-
ciated with 30-day mortality (Table 4). On the other
hand, high Pitt scores (>3), the presence of an indwelling
urinary catheter, lack of infectious disease team consulta-
tion, and HA-MRSA infections were presented as signifi-
cant risks for both 14-day (early) and 30-day mortality.
The presence of polymicrobial bacteremia was indicated
as a significant risk factor for early mortality (AOR 3.35,
95% CI10.43-1.07, p=0.032).
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Table 4 Risk factors associated with 14-day and 30-day mortality
in patients with MRSA bacteremia
Adjusted Odds Ratio with 95% Confidence

Risk factors

Interval
14-day p-value 30-day p-value
Mortality Mortality
Age =65 years 3.19 0311 336 0.024*
(0.89-11.50) (1.24-9.13)
Pitt score>3 211 <0.001* 215 <0.001*
(1.52-2.93) (1.54-3.01)
Charlson score>4  1.06 0298 103 0.752
(0.87-1.30) (0.87-1.22)
Chronic kidney 0.83 0371 245 0.150
disease (0.25-2.74) (0.91-6.59)
Diabetes mellitus 1.89 0282 191 0.226
(0.62-5.79) (0.74-4.92)
Indwelling urinary ~ 2.11 <0.001* 543 <0.001*
catheters (0.37-12.05) (1.39-21.23)
No infectious dis- 6.38 <0.001* 290 0.032*
ease team consult  (1.96-20.72) (1.04-8.11)
Previous exposure  2.87 0351 204 0.168
to antibiotics (0.64-12.79) (0.67-6.27)
Non-effective em- 146 0824  1.90 0.828
pirical therapy (0.35-5.62) (0.52-6.89)
Hospital-acquired 7.05 0.021* 612 0.017%
MRSA (1.61-30.85) (1.81-20.72)
Healthcare-associat-  3.03 0463  3.19 0.043*
ed MRSA (0.95-9.64) (1.30-7.81)
Hypoalbuminemia  1.66 0386 331 0.017*
(<294g/L) (0.51-5.42) (1.25-8.79)
Polymicrobial 335 0.032* 250 0.282
bacteremia (043-1.07) (0.95-6.58)
Inappropriate tar- 3.38 0.694  8.08 0.024*
geted treatment (0.54-21.19) (1.15-56.86)
Inappropriate treat-  1.49 0160 162 0410
ment duration (0.48-4.65) (0.61-4.32)

*p-value<0.05 indicates statistical significance

The overall survival rates were significantly lower
among older patients (p<0.002) when measured
across three different time points (14, 30, and 180 days)
(Table 5). The Kaplan-Meier curve generated from
the survival analysis using the log-rank (Mantel-Cox)
test showed a significantly lower survival among older
patients (p=0.025) (Fig. 1).

Table 5 Patient survival by age groups
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Fig. 1 Kaplan-Meier survival curve for mortality. Time to death in days for
individuals aged 18-64 years (blue) and 65 years and older (green) with
MRSA bacteremia

Discussion

In this study, MRSA bacteremia was mainly acquired
in the hospital (52.7%) and other healthcare facilities
(35.6%). Similar observations were noted in other coun-
tries in Southeast Asia [26, 27]. Our findings were con-
sistent with previous reports of HA and HCA infections
being significant risk factors for mortality in patients
with MRSA bacteremia [28, 29]. Although HCA-MRSA
is commonly associated with long-term care facilities
(LTCF) or nursing homes [30, 31], most of the HCA-
MRSA cases in our study population were from a recent
hospitalization. However, it is important to note that
among the recently hospitalized patients, the information
on whether the patients were residing in LCTF was not
captured in this study.

Infections in older persons accounted for over half of
the cases of MRSA bacteremia identified in this study.
Previously conducted epidemiological studies showed
that S. aureus bacteremia is higher in the older popula-
tion [32, 33]. Our data showed that the risk for 30-day
mortality was three times higher in older persons (AOR
3.36, 95% CI 1.24-9.13, p=0.024), consistent with previ-
ous studies that reported age as the significant risk fac-
tor for short- and long-term mortality in patients with
MRSA bacteremia [29, 32]. Multiple factors including
epidemiological conditions, concurrent medical illness,

Age 14-Day Survival,
mean (95% Cl)

30-Day Survival,
mean (95% Cl)

180-Day Survival,
mean (95% Cl)

18-64 years 12.54(11.91-13.18)
>65 11.05 (10.24-11.86)
p-value (Log-rank test) 0.002*

2540 (23.81-26.99)
20.27 (18.34-22.19)
<0.001*

122,69 (110.46-134.92)
73.05 (60.55-85.55)
<0.001*

*p-value<0.05 indicates statistical significance
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increased use of invasive devices, longer hospital stay,
malnutrition, as well as physiologic and anatomical age-
dependent changes, such as immune-senescence, likely
attributed to the increased vulnerability of older persons
to infections and leading to significantly higher mortality
[32, 34—38].

The presence of an indwelling urinary catheter was
significantly associated with mortality in patients with
MRSA bacteremia in this study. Indwelling urinary cath-
eterization poses serious complications and increases the
risk of bloodstream infection in older patients [33, 39].
Previous studies have shown urinary catheters to be an
independent risk factor for HA-MRSA [40-42]. Previ-
ously, the association between urinary catheterization
and mortality due to MRSA bacteremia has been mostly
inconclusive [43, 44]. However, our data showed a posi-
tive correlation between indwelling urinary catheters
and mortality due to MRSA. Although S. aureus is not
typically considered a major cause of UTI, recent epide-
miological studies indicate that S. aureus is an emerg-
ing cause of UTI in specific patient populations, such as
pregnant women and those with complicated UTI [45].
Previous studies have shown that the placement of a
catheter into the bladder leads to a specific and localized
inflammatory response resulting in the release of the host
protein fibrinogen, which accumulates in the bladder and
on the catheter [46]. This shows that urinary catheteriza-
tion alters the urinary tract environment and that MRSA
may exploit the presence of this host protein to cause dis-
seminated disease [46].

We observed that the rate of CLABSI was significantly
higher in younger patients in this cohort. This is likely
due to the higher number of younger patients (26.6%)
having central venous catheters (CVC) compared to older
persons (18%). The high rates of CLABSI in both groups
may be attributable to the suboptimal compliance to cen-
tral line care bundles leading to an increased introduc-
tion of infection during insertion and manipulation of the
lines [47]. In this study, older patients were more prone
to skin and soft tissue infections. The older population
is more susceptible to skin wounds due to changes asso-
ciated with the aging process that increase skin fragility
[48]. The rates of primary bacteremia are known to be
higher in older patients (aged>75 years) [33]. However,
this study observed no significant difference in primary
bacteremia between the older and younger patients.

Consistent with previous reports, the Charlson Comor-
bidity Index and Pitt bacteremia scores were observed to
be higher in older patients [44, 49]. Antibiotic exposure
not only increases the risk of MRSA infection or coloni-
zation by approximately two folds, but it is also one of the
reasons for the increase in MRSA rates in the commu-
nity [50, 51]. In the present study, more than half of the
younger (64.7%) and older (60.4%) patients had exposure
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to antibiotics in the last 3 months, which might be attrib-
utable to the MRSA bacteremia in these patients.

Previous studies have highlighted the relationship
between inappropriate empirical therapy with increased
mortality [52, 53]. The present study showed that 14.2%
and 18.3% of the younger and older patients received
effective empirical antibiotics. Ineffective empirical ther-
apy was, however, not found to be a significant risk for
mortality in our study. The present study revealed 22.6%
of the older patients did not receive appropriate targeted
antibiotics and 56.6% received inappropriate treatment
duration. Multivariate analysis showed that there were
8.08 times higher odds for 30-day mortality in those who
received inappropriate targeted therapy. The reasons for
this may be due to poor knowledge of the significance of
a positive culture and management of MRSA bacteremia
[54]. Furthermore, the medical teams may have taken a
conservative or palliative approach in the management of
frail, older patients leading to the decision not to subject
the patient to vancomycin, an antibiotic that has been
associated with significant nephrotoxicity [55].

In the present study, approximately one-third of the
older patients received ID consultations. The mortality
risks on days 14 and 30 were six and three times higher
in patients who did not get an ID team input compared to
those who did. Similarly, studies by Buehrle et al. [56] and
Pragman et al. [57] showed that patients who had an ID
consult were more likely to receive guidelines-congruent
management and had significantly better outcomes. It is
now accepted that a low albumin level is associated with
higher mortality in patients with sepsis [58]. This is due
to a dysregulation in albumin gene expression caused by
elevated cytokine levels in septic conditions [59]. Simi-
larly, our study found a significant association between
hypoalbuminemia and 30-day mortality in patients with
MRSA bacteremia.

There are several limitations to our study. Firstly, this is
a single-center study hence the findings might not repre-
sent the entire population and the retrospective nature of
this study is subjected to the potential effects of unmea-
sured variables, missing information, selection and recall
biases [60]. Secondly, there were cases where the patients
did not receive appropriate antimicrobials and treatment
duration (died within 48 h of positive culture), which
might consequently impact the mortality rates. Finally, as
crude mortality was recorded in this study, the cause of
death could be due to underlying co-morbidities instead
of the infection. Nonetheless, our study adds to the litera-
ture on MRSA bacteremia in the older population, which
is largely overlooked in this region [11, 61]. The results
of this study highlight the importance of developing and
implementing hospital protocols designed to improve
infection control practices in older patients such as care
of vascular devices, urinary catheters, and pressure ulcers
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as well as antimicrobial stewardship programs such as
MRSA bacteremia clinical pathway, to improve patient
outcomes [62]. The risk factors identified in the present
study can be used to develop and validate a scoring sys-
tem for MRSA bacteremia-associated mortality.

Conclusions

The incidence of MRSA bacteremia in healthcare settings
is higher than in the community. Older age, higher Pitt
bacteremia scores, HA-MRSA and HCA-MRSA, hypoal-
buminemia, polymicrobial infection, presence of indwell-
ing urinary catheters, lack of ID team consultation, and
inappropriate targeted treatment were the significant risk
factors for mortality in MRSA bacteremia. Older patients
had a three times higher mortality risk than younger
patients. Specific policies and guidelines for the preven-
tion and management of MRSA bacteremia are urgently
needed to address the rising rates of infection as well as
to improve outcomes, particularly in older patients.
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