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Abstract. Staphylococcus aureus is a common cause of bloodstream infection and methicillin-resistant S. aureus
(MRSA) is a growing threat worldwide. We evaluated the incidence rate of S. aureus bacteremia (SAB) and MRSA from
population-based surveillance in all hospitals from two Thai provinces. Infections were classified as community-onset
(CO) when blood cultures were obtained < 2 days after hospital admission and as hospital-onset (HO) thereafter. The
incidence rate of HO-SAB could only be calculated for 2009-2014 when hospitalization denominator data were available.
Among 147,524 blood cultures, 919 SAB cases were identified. Community-onset S. aureus bacteremia incidence rate
doubled from 4.4 (95% confidence interval [Cl]: 3.3-5.8) in 2006 to 9.3 per 100,000 persons per year (95% Cl: 7.6-11.2) in
2014. The highest CO-SAB incidence rate was among adults aged 50 years and older. Children less than 5 years old had
the next highest incidence rate, with most cases occurring among neonates. During 2009-2014, there were 89 HO-SAB
cases at a rate of 0.13 per 1,000 hospitalizations per year (95% CI: 0.10-0.16). Overall, MRSA prevalence among SAB
cases was 10% (90/911) and constituted 7% (55/736) of CO-SAB and 20% (22/111) of HO-SAB without a clear temporal
trend in incidence rate. In conclusion, CO-SAB incidence rate has increased, whereas MRSA incidence rate remained
stable. The increasing CO-SAB incidence rate, especially the burden on older adults and neonates, underscores the
importance of strong SAB surveillance to identify and respond to changes in bacteremia trends and antimicrobial

resistance.

INTRODUCTION

Staphylococcus aureus infections are one of the most
common bloodstream infections worldwide.'-? Antimicrobial
resistant strains, namely, methicillin-resistant S. aureus
(MRSA), are associated with increased mortality, length of
hospitalization, and health-care costs®®; yet, the burden
of disease is poorly understood in many countries.

A 2014 World Health Organization (WHO) report empha-
sized the critical need for greater surveillance to more rapidly
detect, respond, and control public health threats and there-
fore enhance global health security. World Health Organiza-
tion also highlighted major gaps in surveillance in Southeast
Asia.® The few available studies suggest that S. aureus is one
of the top causes of bloodstream infections in Thailand and
Southeast Asia.”~"® A 2012 review found that methicillin re-
sistance among S. aureus in Southeast Asia varied from
0-39%."* In two cross-sectional studies in tertiary hospitals in
Bangkok and northeast Thailand from 2005 and 2006, MRSA
was documented in > 20% of S. aureus isolates.’®"'" Since
then, significant changes in the epidemiology of S. aureus and
methicillin resistance in Thailand and the region may have
occurred. The 2011 Jaipur Declaration emphasized the im-
portance of antimicrobial resistance and the need for imme-
diate regional action,® and infection control efforts in tertiary
care centers in Thailand have been intensified.'®'® A better
understanding of current trends in S. aureus and MRSA bac-
teremia is needed to monitor trends and guide prevention and
control efforts in Thailand.

*Address correspondence to Julia Rhodes, Centers for Disease
Control and Prevention, 1600 Clifton Road, NE, MS C-25, Atlanta, GA
30333. E-mail: icq0@cdc.gov
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In 2005, the Thailand Ministry of Public Health, in collabo-
ration with the U.S. Centers for Disease Control and Pre-
vention (CDC), initiated population-based surveillance of
bloodstream infections in two rural provinces in Thailand to
create a sustainable system to monitor changes in patho-
genesis and resistance patterns in rural border provinces
where emerging epidemics could occur. This included imple-
mentation of automated blood culturing systems and sustained
laboratory capacity building activities that were not as devel-
oped as in a metropolitan center such as Bangkok. We report
incidence rates and trends in S. aureus bacteremia and meth-
icillin resistance from 2006-2014.

MATERIALS AND METHODS

Surveillance population. Sa Kaeo, located in eastern
Thailand near the Cambodian border, had an estimated 2010
population of 543,700. Nakhon Phanom had a 2010 pop-
ulation of 577,300 and is located in northeast Thailand near
the Laos border.'® Both provinces are primarily agrarian.?®

Surveillance included all 20 hospitals in these provinces:
eight from Sa Kaeo and 12 from Nakhon Phanom. There were
two provincial hospitals, 16 district hospitals, and two military
hospitals. A provincial hospital (225-327 beds) is a referral
center and first-line hospital for the central district in the
province, whereas district and military hospitals (10-140 beds)
serve the local community. Most of the Thai population has at
least one kind of health insurance with minimal out-of-pocket
costs for services. The CDC Human Subjects Review Office
reviewed this protocol and judged that this study constituted
routine public health activities and therefore did not involve
human subject research (Center for Global Health Determi-
nation and Approval number 2014-273).
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Data collection. Nurses who were regularly trained in
phlebotomy to reduce contamination collected blood cultures
from hospitalized patients at the clinician’s discretion. The
samples were inoculated into an aerobic bottle: BacT/ALERT®
FA (BioMérieux, Marcy I'Etoile, France) (target volume 10 mL)
for patients aged > 5 years and BacT/ALERT® PF (BioMérieux,
Marcy I’Etoile, France) (target volume 4 mL) for children aged
less than 5 years. If more sample was available, we also in-
oculated a BacT/ALERT® MB bottle (BioMérieux, Marcy
I'Etoile, France) (target volume 3 mL) that enhanced growth for
mycobacteria and fastidious organisms. Culture bottles were
processed in provincial hospital laboratories. For district and
military hospitals, the samples were transported at 15-30°C
within 24 hours of collection. Nurses collected information
from the medical record or the patient on admission date, age,
and current antibiotic use.

Laboratory methods. Bottles that signaled positive growth
(alarm-positive) by automated blood culture (BacT/ALERT®
3D, BioMérieux, Marcy I’Etoile, France ) were subcultured and
identified using standard methods.?" Antimicrobial resistance
testing was performed according to Clinical and Laboratory
Standards Institute guidelines,?® together with local consid-
erations such as available antibiotics and observed resistance
patterns. Consequently, testing for specific antibiotics was
not uniform between the two provinces. For S. aureus iso-
lates, susceptibility testing was performed via disk diffusion
for cefoxitin, oxacillin, erythromycin, gentamicin, clindamy-
cin, trimethoprim-sulfamethoxazole (cotrimoxazole), and
fosfomycin. Before 2007, methicillin resistance was defined
by oxacillin disk diffusion with a zone of inhibition < 10 mm.22
In 2007, cefoxitin disk diffusion with a zone of inhibition <21 mm
was introduced.?® Vancomycin minimum inhibitory concen-
tration (MIC) and susceptibility (< 2 ug/mL) was determined by
E-test (Oxoid [ThermoFisher Scientific, Waltham, MA] initially
and then BioMérieux). Because of possible concerns over assay
quality,* confirmatory retesting was performed of all S. aureus
isolates with vancomycin MIC > 1 pg/mL (E-test, BioMérieux).

Definitions. Patients were considered to have a case of SAB
if at least one culture bottle grew S. aureus alone or together with
another likely pathogen. S. aureus—positive blood cultures that
had one of the following pathogens were considered contami-
nants and excluded: Aerococcus species, Bacillus species
excluding Bacillus anthracis or Bacillus cereus, coagulase-
negative staphylococci, Corynebacterium species, other Staph-
ylococcus species, and Streptococcus viridans group. If an
individual had multiple S. aureus—positive blood cultures, the first
positive culture was included and repeat isolates within 30 days
were excluded.?® Current antibiotic use was defined by serum
disc assay positivity,?® or if not available, per nurse review of the
medical record or by patient self-report.

S. aureus infections were classified as hospital-onset
(HO) or community-onset (CO), using the following defini-
tions: HO cases were defined as SAB in patients with blood
culture collected > 2 days after the admission date and CO
cases occurred in patients with positive blood cultures
collected < 2 calendar days after admission.

Statistical analysis. We calculated CO incidence rates
from 2006-2014. For CO cases, Sa Kaeo and Nakhon Pha-
nom provincial population projections for 2010-2014 were
available from the 2010 National Economic and Social De-
velopment Board of Thailand (NESDB).'® For the period
2006-2009, the 2010 NESBD age distribution was applied to

the 2006-2009 NESDB overall provincial population esti-
mates?’ as official intercensal estimates were not available.

To calculate HO incidence rate, we used the number of
hospitalizations from 2009-2014 as the denominator, as
found in hospital administrative databases (S. Naorat,
B. Piralam, personal communication). In Sa Kaeo, 2009 hos-
pitalization data were missing from four district hospitals. After
careful examination of hospitalization trends, we used 2010
data to impute 2009 hospitalizations for these four hospitals.
Together, these hospitals accounted for < 15% of annual
hospitalizations in our surveillance system for 2010-2014.
Military hospitals in Sa Kaeo and Nakhon Phanom provinces
were also excluded from HO incidence rate calculations, as
military hospitalization data were not available for Nakhon
Phanom and only available for 2 years in Sa Kaeo (2013-2014,
< 1% of all hospitalizations in each year). Of note, there were
no S. aureus HO cases identified at military hospitals.

Ninety-five percent confidence intervals (Cls) on incidence
rate estimates were calculated based on a Poisson distribu-
tion using the exact method. Demographic and clinical char-
acteristics of MRSA and methicillin-sensitive S. aureus
(MSSA) bacteremia cases were compared via Pearson’s X2,
Fisher’s exact, or Wilcoxon rank-sum tests as appropriate.
Individuals with missing data were excluded from the de-
nominator and totals have been noted accordingly. Analyses
were conducted using Stata version 12 (StataCorp LP, Col-
lege Station, TX).

RESULTS

Surveillance population characteristics. From 2006
through 2014, 147,524 blood cultures were performed in Sa
Kaeo and Nakhon Phanom provinces (Figure 1), representing
141,399 individuals with cultures performed. The annual
number of patients with blood cultures increased from 12,900
in 2006 to 17,892 in 2014, with greater increase in Sa Kaeo
(90% increase, from 4,846 to 9,134) compared with Nakhon

Blood cultures 20062014
N=147,524

Positive cultures
N =21,375

l

S. aureus—positive cultures
N =1032

Multiple positive cultures from same patient
(n=79)
Likely contaminant? (n=34)

S. aureus cases
N =919

L] MRsAtestingnot performed (n-8)

MSSA N =821 MRSA N =90 (10%)

Ficure 1. Identification of S. aureus and MRSA bacteremia cases
from population-based bloodstream infection surveillance, Sa Kaeo
and Nakhon Phanom provinces, Thailand, 2006-2014."One or more
of the following likely contaminants (in order of frequency) grew:
coagulase-negative staphylococci (N = 27), Bacillus species excluding
B. anthracis or B. cereus (N = 8), or S. viridans group (N = 4).
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TaBLE 1

Comparison of methicillin-susceptible (MSSA) and methicillin-resistant S. aureus (MRSA) bacteremia cases, Sa Kaeo and Nakhon Phanom

provinces, Thailand 2006-2014

Characteristic MSSA* MRSA* Total* P valuet

Age, n (%)

Neonate (0-28 days) 57 (7.0) 6 (6.7) 63 (7.0) 0.06

29 days—14 years 90 (11) 3(3.3) 93 (10)

15-49 years 246 (30) 22 (24) 268 (29)

50-69 years 275 (34) 6 (40) 311 (34)

> 70 years 153 (19) 23 (26) 176 (19)
Sa Kaeo Province, n (%) 376 (46) 60 67) 436 (48) < 0.001
Provincial Hospital, n (%) 514 (63) 71(79) 585 (64) 0.01
Community-onset, n (%) 681/770 (88) 55/77 (71) 736/847 (87) <0.001
Current antibiotic exposure, n (%) 60/773 (7.8) 25/85 (29) 85/858 (9.9) <0.001
Antibiotic resistance,} n (%)

Erythromycin 39/785 (5.0) 73/87 (84) 112/872 (13) < 0.001

Gentamicin 0/505 (0) 33/40 (83) 33/545 (6.1) < 0.001

Clindamycin 28/800 (3.5) 66/88 (75) 94/888 (11) < 0.001

Cotrimoxazole 7/797 (0.9) 54/83 (65) 61/880 (6.9) < 0.001

Fosfomycin 4/361 (1.1) 21/65 (33) 25/426 (5.9) < 0.001

Vancomycin - 0/35 - -

Resistance to at least two antibiotics 24 (2.9) 72 (80) 96 (11) < 0.001

other than methicillin

*MSSA denominator 821, MRSA denominator 90, and total 911 unless missing data, and then a different denominator noted.

tX? or Fisher exact testing, as appropriate comparing MSSA vs. MRSA.

f Antibiotic testing algorithm differed over time and between provinces. Disk diffusion method was used for all antibiotics except for vancomycin, for which E-test was used.

Phanom (8% increase, from 8,084 to 8,758). Hospitalizations
ranged from 113,299 to 121,887 per year from 2009-2014.

Staphylococcus aureus was isolated from 1,032 blood
cultures from 2006-2014. After exclusion of cultures with
potential contaminants (N = 34) and of repeat isolates (N = 79),
we found 919 cases of SAB from 897 individuals, with 911
cases (99%) with available MRSA testing (Table 1).

Staphylococcus aureus bacteremia incidence rate. The
CO-SAB incidence rate during 2006-2014 was 7.3 per
100,000 persons per year (95% Cl: 6.8-7.8). The incidence
rate increased from 4.4 (95% CI: 3.3-5.8) in 2006 to 9.3 per
100,000 persons per year (95% CIl: 7.6-11.2) in 2014
(Figure 2). The incidence rate increased in both provinces
(Table 2). The HO-SAB incidence rate from 2009-2014 (N = 89)
was 0.13 per 1,000 hospitalizations per year (95% ClI:
0.10-0.16), from 0.08 (95% CI: 0.04-0.16) in 2009 to 0.10
(95% CI:0.05-0.18) in 2014 (Figure 3). Hospital-onset S. aureus
bacteremia incidence rate was higher in provincial hospitals
compared with district hospitals (Supplemental Table 1).

Community-onset S. aureus bacteremiaincidence rate from
2006-2014 was highest among adults aged > 70 years and
50-69 years and showed an increase over time (Table 2). Of
note, the census indicated 23% and 5% increases in the
population aged 50 years and older in Sa Kaeo and Nakhon
Phanom provinces, respectively, from 2006 to 2014.

The next highest CO-SAB incidence rate was among chil-
dren < 5 years old and also increased over time (Table 2). Of the
92 CO- or HO-SAB cases in this age group, 63 (68%) were in
neonates, of which 34 (54%) had positive cultures on the day of
birth.

Methicillin-resistant S. aureus bacteremia prevalence,
incidence rate, and characteristics. Among 911 SAB cases
with methicillin-resistance testing, 90 (10%) were MRSA.
Methicillin-resistant S. aureus bacteremia prevalence among
SAB in 2006 (when detected by oxacillin disk diffusion) was 20%
(15/74), and during 2007-2014 (when tested by cefoxitin disk
diffusion) ranged from 4% to 13%. Methicillin-resistant S. aureus
incidence rate did not show a clear pattern over time (Table 3).

Age distribution was similar between MRSA and MSSA
(Table 1); of note, 13% (23/176) of SAB cases from adults aged
70 years and older had MRSA and 10% of neonatal cases
(6/63). Methicillin-resistant S. aureus prevalence in Sa Kaeo
(14% [60/436]) exceeded that of Nakhon Phanom (6% [30/
475], P < 0.001). The majority (64%, 585/911) of SAB cases
and an even higher percentage of MRSA cases (79%, 71/90)
were identified at the provincial-level hospitals. Overall, 64
SAB cases were missing admission dates and could not be
classified as CO or HO. Among SAB cases with admission
dates available (N = 847), MRSA prevalence was higher
among HO-SAB cases (22/111, 20%) than in CO-SAB (55/
736, 7%, P < 0.001).

There were data on antibiotic exposure for 858/911 cases
(94%) with methicillin testing, of which 56% (480/858) was
based on serum disk assay. Current antibiotic use before blood
collection was higher among MRSA cases (29%) compared
with SAB cases overall (9.9%). Methicillin-resistant S. aureus
isolates were more likely than MSSA isolates to be resistant
to erythromycin, gentamicin, clindamycin, cotrimoxazole, and
fosfomycin (all, P <0.001) and resistant to at least two antibiotics
besides methicillin (P < 0.001). Among 90 S. aureus isolates
(including repeat blood cultures from the same case) with van-
comycin susceptibility testing, 34 isolates had MICs > 1 ug/mL
and four had MICs > 2 ug/mL on initial testing; repeat testing of
these 38 isolates demonstrated susceptibility (< 2 ug/mL) for all.

Community-onset MRSA cases, compared with HO-MRSA
cases, were similar in terms of age, province, resistance pat-
terns, and current antibiotic use but were more likely to occur
in a district hospital (15 cases, 27.3%, versus 0 cases, P =
0.01). The median time to S. aureus identification for
HO-MRSA cases was 12 days (interquartile range: 6-51 days),
with 35% (6/17) occurring in less than 7 days.

DISCUSSION

Through hospital-based surveillance in two rural provinces
in Thailand, we found that CO-SAB incidence rate increased
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Ficure 2.  Community-onset S. aureus bacteremia incidence rate,’ Sa Kaeo and Nakhon Phanom, Thailand, 2006-2014. 'Incidence rate in
cases per 100,000 persons. Whiskers represent 95% confidence intervals (Cls).

during 2006-2014. Incidence rates were highest among indi-
viduals aged > 50 years followed by young children < 5 years.
There was no clear trend in HO-SAB incidence rates.
Methicillin-resistant S. aureus accounted for 10% of SAB
without a clear difference in incidence rates over time.
Community-onset MRSA cases were similar to HO-MRSA
cases, except the latter was more prevalent in provincial
hospitals.

We are aware of no other population-based investigations
focused on SAB incidence rate in Thailand. Our observed CO
incidence rate (7.3 cases per 100,000 of the population per
year) was notably lower than that in other countries. A 9-year
prospective study in Australia, Denmark, Finland, Sweden,
and Canada had an annual CO-MSSA bacteremia incidence
rate of 15.0 per 100,000.28 Similar to our findings, however, the
authors noted an increase in CO-SAB infections over time.28
Although the increase in CO-SAB incidence rate in our anal-
ysis may be due in part to increased use of blood cultures, two
studies in northeast Thailand have also noted an increased
incidence rate of bacteremia in general. First, a retrospective
study of provincial hospitals in northeast Thailand found in-
creasing overall community-acquired bacteremia incidence
rate from 2004 to 2010 with S. aureus being the third most
frequent pathogen.® The same group also found increasing
incidence rate of health-care-associated and HO bacteremia
in provincial hospitals during this same time period and noted
S. aureus as the second and third most common pathogen
among health-care-associated and HO bacteremias. '

One possible reason for the increased trend in CO-SAB may
be a shift in population age-structure toward an older pop-
ulation. The census data revealed that the population of adults
aged 50 years and older is increasing (Table 2), in particular in
Sa Kaeo. We found that the CO-SAB incidence rate greater
than doubled in adults aged 50-69 years and 70 years and

older. This is consistent with a 1-year, single-hospital study in
Thailand that found S. aureus bacteremia rates and associ-
ated mortality was highest in individuals aged > 50 years."
Other countries have reported a large burden of S. aureus and
MRSA bacteremia in the elderly primarily associated with
health-care exposure.?®° Further studies are needed to ex-
plore the factors associated with greater risk of SAB in this age
group in our setting, given the increased risk of mortality,
length of hospital stay, and health-care costs in SAB in older
adults.®"32 It should be noted that other age groups also
had increases in CO-SAB (Table 2), suggesting that there
are likely other contributing factors that need to be further
explored.

The next highest incidence rate in CO-SAB was in children
< 5 years. Neonates, although only a small percentage of the
overall population, accounted for most SAB among children
< 5 years. This agrees with previously reported high incidence
rates of SAB in neonates in Thailand.®'" In considering how to
prevent neonatal SAB, it is important to evaluate if there is
community (maternal) versus hospital exposure. In Laos,
S. aureus was the most common cause of community-
acquired bacteremia in infants.® In our analysis, we found that
a slight majority (54%) of positive cultures were drawn on the
day of birth. As neonates are a vulnerable population who have
poor outcomes from bacteremia,3? further work is required to
characterize their acquisition of colonization and increase
prevention measures.

We found that MRSA bacteremia incidence rate was stable
during this period. This differs from findings in western and
northern Europe and Canada, where MRSA bacteremia has
increased,?® or in the United States and the United Kingdom
where invasive MRSA infections have decreased.®*%® How-
ever, two recent studies of provincial hospitals in northeast
Thailand similarly did not find a trend in the prevalence of
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Ficure3. Hospital-onset (HO)"2 S. aureus bacteremiaincidence rate,® Sa Kaeo and Nakhon Phanom, Thailand, 2009-2014. 'Military hospitals in
Sa Kaeo and Nakhon Phanom provinces were excluded from HO incidence rate calculations as hospitalization data were not available in Nakhon
Phanom and for only 2 years in Sa Kaeo (2013-2014, < 1% of all hospitalizations in each year). No S. aureus HO cases were identified at military
hospitals. 2Hospitalization data for the year 2010 were imputed for four hospitals with missing 2009 hospitalization data (see methods). 3Incidence
rate in cases per 1,000 hospitalizations. Whiskers represent 95% confidence intervals.

MRSA bacteremia from 2004 to 2010 regardless of CO or
HO."23¢ Most HO-MRSA cases were in the second week of
admission; declines in MRSA bacteremia in the United Kingdom
have in part been due to infection control efforts that have
reduced MRSA incidence rate after day 6 of admission.® This
suggests that strengthened infection control programs in
Thailand may be able to further reduce the MRSA incidence rate.

Our MRSA prevalence among SAB cases (10%) is lower
than the prevalence in other regions; a pooled analysis of SAB
in Europe and the United States found a prevalence of 20.6%,
ranging from 12% to 54.7%.3° However, the prevalence falls
within the wide range of MRSA estimates (regardless of
specimen type) seen in other Southeast Asian countries. A
2012 review found that the proportion of MRSA among
S. aureus isolates varied from 5-8% in the Philippines to
0-40% in Malaysia and more than 50% in Singapore.' A
1-year cross-sectional study of two tertiary hospitals in south
Thailand found a similar prevalence of 8.1%.%” Recent WHO
surveillance data found an MRSA prevalence of 13% among
132 blood isolates in Thailand.®®

These more recent estimates and our prevalence of 10%
are lower than MRSA estimates from studies in Thailand be-
fore 2007. A 1-year observational study in 2006 found MRSA
in 28% of 98 SAB isolates in a regional hospital in northeast
Thailand.' Similarly, a 2005 study at a tertiary hospital in
Bangkok noted methicillin resistance in 17 of 53 (32%) pa-
tients with SAB."® There are several possibilities for the dif-
ferences in our findings. First, the prior studies occurred in
exclusively tertiary-level hospitals over short periods with a

limited number of patients, as compared with our 8-year as-
sessment that included all blood cultures across provincial,
district, and military hospitals in these two provinces. We
found that a higher proportion of MRSA cases occurred in
provincial hospitals as compared with district or military
hospitals, suggesting a possible overestimation if only in-
cluding higher level tertiary centers. Past evaluations primarily
also used oxacillin testing for determining methicillin re-
sistance rather than cefoxitin, which has greater specificity to
determine mecA-mediated resistance.®® We found that MRSA
prevalence among SAB isolates was higher in 2006 compared
with when we used cefoxitin in subsequent years. Our prev-
alence could also be an underestimation if prior antibiotic
exposure reduced yield. Last, there have been recent efforts
to reduce antimicrobial resistance and nosocomial infections
in Thailand.*° For example, a national survey of tertiary hos-
pitals found that 71% had an antimicrobial stewardship
program, of which the majority had a monitoring system for
multidrug-resistant organisms.*’

Similar to past studies, MRSA isolates were significantly
more likely to be resistant to other antibiotics compared with
MSSA isolates and more likely to be from patients who had
received antibiotics.!” We did not have any cases of vanco-
mycin resistance, and current guidelines support its use for
suspected MRSA bacteremia infections.*? Our findings un-
derscore the consideration of empiric coverage for MRSA in
suspected bacteremia cases and the necessity to develop
laboratory capacity to effectively identify resistant strains and
initiate the correct regimen.
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TaBLE 3
Community-onset (CO) and hospital-onset (HO) methicillin-resistant S. aureus bacteremia incidence rate, Sa Kaeo and Nakhon Phanom provinces,
Thailand
co

2006-2008 2009-2010 2011-2012 2013-2014 Total
Cases 13 20 8 14 55
Person-years 3,423,186 2,249,044 2,264,300 2,292,800 10,229,330
Incidence rate* (95% ClI) 0.4 (0.2-0.7) 0.9 (0.6-1.4) 0.4 (0.2-0.7) 0.6 (0.3-1.0) 0.5(0.4-0.7)

HOt
2009-2010 2011-2012 2013-2014 Total

Cases 3 7 7 17
Hospitalization years 234,502 229,670 238,520 702,692

Incidence ratet (95% ClI)

0.01 (0.003-0.04)

0.03 (0.01-0.06) 0.03 (0.01-0.06)  0.02 (0.01-0.04)

*Community-onset incidence rate and 95% confidence interval (Cl) are in cases per 100,000 person-years.
T Military hospitals in Sa Kaeo and Nakhon Phanom provinces were excluded from HO incidence rate calculations as hospitalization data were not available in Nakhon Phanom and for only 2 years
in Sa Kaeo (2013-2014, < 1% of all hospitalizations in each year). No S. aureus HO cases were identified at military hospitals. Hospitalization data for the year 2010 were imputed for four hospitals

with missing 2009 hospitalization data (see methods).

1 Hospital-onset incidence rate and 95% Cl are in cases per 1,000 hospitalizations per year.

Our investigation had several strengths. This report repre-
sents one of the largest assessments of SAB and antimicrobial
resistance in Thailand and Southeast Asia. We evaluated
> 140,000 blood cultures over 8 years and included all referral
and community hospitals in two provinces. This allowed for
improved representativeness and greater generalizability of
the results than studies conducted only at tertiary care hos-
pitals. We further excluded multiple cultures taken within a
single episode of illness, which more accurately classified
cases and prevented overestimation of the SAB and MRSA
disease burden. However, there were limitations to our as-
sessment. We could only evaluate hospitalized cases that
were identified by clinician-initiated blood cultures, which may
underestimate the overall incidence rate of S. aureus and
MRSA bacteremia. Future surveillance systems would benefit
from additional clinical information to better determine true
bacteremia from contaminants and assessment of the source
of bacteremia and risk factors to define CO-SAB as health-
care associated. About half of data on antibiotic exposure was
through self-report and could have been an underestimation.
Because admission hour was not recorded, CO-SAB was
determined by the number of days rather than hours and may
have been underestimated. There were no available pop-
ulation estimates for neonates, which prevented calculation of
neonatal SAB incidence rate. Small case counts of HO-SAB
and MRSA-SAB cases limited interpretation of time trends for
these subgroups and detailed age- or hospital type stratifi-
cation. Without data on specific district hospital catchment
populations, we could not calculate provincial versus district
hospital CO-SAB or MRSA incidence rates. Outcome data were
not routinely collected to allow estimation of staphylococcal-
related mortality or hospital transfer. Future studies will need
to expand on the risk factors, patient outcomes, and health-
care exposures associated with SAB in Thailand.

Therising incidence rate of SAB in association with an aging
population and continued burden on neonates highlights the
need to expand surveillance and laboratory capacity in Thai-
land and the Southeast Asian region to better understand the
underlying factors contributing to this trend and design ap-
propriate interventions to halt its progression. In our system,
36% of cases were in district or military hospitals where
diagnosis may have been delayed or missed without ap-
propriate microbiological laboratory capacity and reporting.
Increased surveillance and laboratory capacity enable rapid

pathogen detection leading to improved patient care, including
appropriate antibiotic therapy. This prevents further microbial
resistance and, ultimately, enhances global health security.
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