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Abstract. Staphylococcus aureus infection is a persistent threat in resource-restricted settings in southeast Asia
but informative data about this disease remain limited. We analyzed characteristics, management, and predictors of
outcome in severely septic patients with community-onset S. aureus infection in northeast Thailand. We performed a
prospective, multicenter observational cohort study of community-onset S. aureus sepsis in four referral hospitals
recruiting patients at least 14 years of age admitted between March 2010 and December 2013. One hundred and
nineteen patients with severe staphylococcal sepsis were enrolled. Diabetes was the most common underlying condi-
tion. Methicillin-resistant infection was rare. Twenty-eight-day mortality was 20%. Ninety-two percent of patients
received appropriate antibiotic therapy and 82% were administered intravenous fluids on the first hospital day, although
only 14% were managed in an intensive care unit (ICU). On univariable analysis, clinical variables at enrollment signifi-
cantly associated with death at 28 days were coagulopathy or respiratory failure. Plasma interleukin (IL)-8 concentration
alone accurately predicted mortality (area under the receiver operating curve = 0.82, 95% confidence interval = 0.73–
0.90). In multivariable analysis, addition of IL-8 concentration to a mortality prediction model containing clinical vari-
ables further improved the predictive ability of the model. We conclude that severe staphylococcal sepsis in northeast
Thailand causes significant mortality. Diabetes is a common preexisting condition and most patients are managed out-
side the ICU even if they receive vasoactive/inotropic agents or mechanical ventilation. While clinical factors apparent
on presentation including coagulopathy and respiratory failure predict death, plasma IL-8 improves this prediction.

INTRODUCTION

Staphylococcus aureus is an established pathogen in
resource-restricted regions of southeast Asia1–4 and an
increasingly important contributor to the substantial global
burden of severe sepsis—the syndrome of infection accom-
panied by a dysregulated host inflammatory response and
organ dysfunction.5,6 Staphylococcus aureus expresses
numerous virulence determinants that result in infection of
the skin and soft tissues, respiratory tract, bones, joints,
and endovasculature leading to sepsis.7,8 Yet few studies
address management of hospitalized patients with severe
sepsis—due to S. aureus or to other pathogens—in
resource-restricted settings in southeast Asia or elsewhere.
In addition to appropriate antibiotic therapy and drainage of
infected spaces, intravenous fluids, vasopressor and inotro-
pic agents, and mechanical ventilation are often required
for these individuals. In a resource-restricted environment,
robust data about presentation, management, and outcomes
of these patients are essential to inform strategies to allocate
scarce resources judiciously and improve outcomes.9,10

Central to this process is understanding what factors may
predict outcome. Presently, the predictors of outcomes such

as death from severe sepsis in resource-restricted settings
are largely unknown.
Thailand is a middle-income country in southeast Asia

(https://datahelpdesk.worldbank.org/knowledgebase/articles/
906519). The poorest and most populous area is in the
northeast (http://documents.worldbank.org/curated/en/2005/
11/7283755/thailand-northeast-economic-development-report).
Here, studies of community-acquired bacteremia show that
S. aureus is the most common Gram-positive etiology and
the third most common etiology overall after Escherichia coli
and Burkholderia pseudomallei.11,12 In Cambodia, S. aureus
is the most common Gram-positive etiology of bacteremia.2,3

Analysis of resistance patterns of community-acquired bacter-
emia isolates in northeast Thailand indicates that methicillin-
resistant S. aureus (MRSA) is infrequent.12 This contrasts
with data from Cambodia, where MRSA is more common.2,3

A single center study in northeast Thailand from 2006 to
2007 that evaluated outcome following invasive S. aureus
infection identified a 26% mortality rate associated with this
disease.13 Nineteen percent of these cases reflected hospital-
acquired infection, and the mortality rate was significantly
higher (52%) in this subset.13 To better characterize the impact
of community-onset S. aureus sepsis at a regional level, we
subsequently conducted a prospective multicenter study at
four hospitals in three northeastern Thai provinces. These hos-
pitals all have intensive care units (ICUs) where care is pro-
vided by specialized teams of doctors and nurses in higher
provider-to-patient ratios. Patients at all hospitals can receive
mechanical ventilation and vasoactive agents in the ICUs and
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on the general wards. Mechanical ventilators may be powered
by gas (pneumatic) or electricity. Some data from this study
have previously been reported, including our finding that some
isolates identified as S. aureus are in fact Staphylococcus
argenteus, a new pathogenic species that is misidentified as
S. aureus in clinical diagnostic laboratories using standard
identification tests.14 In light of the lack of distinction between
these organisms in the clinical diagnostic laboratories, we
included both S. aureus and S. argenteus isolates in this study.
We used this study cohort to pursue three objectives. First,

we aimed to characterize patients presenting with severe
community-onset staphylococcal sepsis in northeast Thailand,
including their clinical management and outcome. Second,
we sought to identify clinical predictors of death in this set-
ting. Third, we evaluated whether biological markers could
augment the clinical prediction of death. Our findings provide
key insights into severely ill patients with staphylococcal
infection in a resource-restricted setting in southeast Asia.

MATERIALS AND METHODS

Study setting and design. A prospective observational
study of community-onset invasive staphylococcal sepsis
was conducted at four hospitals across northeast Thailand
between March 2010 and December 2013. Study sites were
Sunpasitthiprasong Hospital, Ubon Ratchathani; Udon Thani
Hospital, Udon Thani; Srinagarind Hospital, Khon Kaen; and
Khon Kaen Hospital, Khon Kaen. Potential study patients
were identified by daily screening at each hospital diagnostic
microbiology laboratory for clinical samples taken from a
normally sterile site that grew a pure culture identified by the
routine microbiology laboratory as S. aureus using methods
derived from the Work Manual for Laboratory Identification
of Bacteria and Fungi for Regional and General Hospitals,
Department of Medical Science, Ministry of Public Health,
Thailand. Subsequently, 58/311 (19%) of available isolates
tested were reidentified in a research laboratory as S. argenteus
using pulsed-field gel electrophoresis and multilocus sequence
typing.14 Inclusion criteria were as follows: age at least 14 years
(age of admission to adult wards), community-onset infection
(positive culture taken within 2 days of hospital admission, or
after 2 days when sampling was delayed from a patient admit-
ted with suspected infection), and at least two of four systemic
inflammatory response syndrome criteria met within 48 hours
of culture (the definition of sepsis at the time the study was
performed).15 Severe sepsis was defined at enrollment as
systolic blood pressure < 90 or use of vasoactive agents,
creatinine ≥ 2 mg/dL without a history of preexisting renal
disease, bilirubin ≥ 2 mg/dL without a history of preexisting
liver disease, platelet count ≤ 100,000/μL, prothrombin time
≥ 20 seconds, respiratory failure requiring invasive mechanical
ventilation, or Glasgow Coma Scale (GCS) ≤ 12.16 Laboratory
data were available to make this determination as follows:
creatinine, 312/327 patients; bilirubin, 134/327; platelet count,
323/327; and prothrombin time, 100/327. Exclusion criteria
were other active coinfections potentially contributing to the
clinical presentation, therapeutic immunosuppression with
high-dose steroids or chemotherapy, and pregnancy. Patients
were enrolled after providing written informed consent. A blood
sample was drawn at the time of enrollment.
Clinical and microbiological information for the hospitaliza-

tion was obtained from the medical records. Mortality was

ascertained in person or by telephone 28 days from the day
of admission. No participants were lost to follow-up.
Biomarkers. Tumor necrosis factor (TNF)-α, interleukin

(IL)-1β, IL-6, and IL-8 concentrations in plasma obtained at
enrollment were determined by enzyme-linked immunosor-
bent assay (TNF-α, IL-1β and IL-6, BD Bioscience, Franklin
Lakes, NJ; IL-8, R and D Systems, Minneapolis, MN). Lower
limits of detection were 7.8 pg/mL, 3.9 pg/mL, 4.7 pg/mL,
and 15.6 pg/mL, respectively.
Ethics. Ethical approval was obtained from the following

ethical and scientific review committees: Faculty of Tropical
Medicine, Mahidol University (approval no. MUTM 2011-007-
01); Sunpasitthiprasong Hospital, Ubon Ratchathani (approval
no. 004/2553); Udon Thani Hospital, Udon Thani (approval
no. 0027.102/2349); Khon Kaen Hospital, Khon Kaen; and
Faculty of Medicine (Srinagarind Hospital), Khon Kaen Univer-
sity, Khon Kaen, Thailand (approval no. HE541113). Subjects
or their representatives provided written informed consent.
Statistical analysis. Continuous variables are reported

as the mean and standard deviation for normally distributed
data or median and interquartile range (IQR) for nonnormally
distributed data. Plasma cytokine concentrations were
available for 118/119 patients with severe sepsis and were
log10 transformed before analysis. Missing values for GCS
and laboratory tests were treated as normal in the determi-
nation of organ failure as noted in Supplemental Table 1.
Univariable analyses were performed with logistic regres-
sion. Multivariable analyses were performed with multiple
logistic regression. Linearity of continuous variables was
evaluated using the Box–Tidwell procedure, and IL-8 and
IL-6 were log10 transformed. A model of clinical predictors
of death was developed using a backward elimination pro-
cedure on all variables collected or derived at enrollment
reported in the univariable analysis with P < 0.1. Variables
were sequentially removed based on the highest P value,
until all variables retained had P < 0.05. Sex was also
included as a variable given that IL-8 concentrations were
higher in men. Internal validation of the selected predictors
in the candidate model was performed by conducting
100 bias corrected and accelerated bootstrap replications,
and evaluating the confidence intervals (CIs) around the
coefficients of the predictors. The model was evaluated for
multicollinearity and specification error, and assessed using
Hosmer and Lemeshow goodness of fit testing. Differences
in the model including log10 IL-8 or log10 IL-6 were deter-
mined by examining the Akaike information criterion (AIC) and
Bayesian information criterion (BIC), by performing a likelihood
ratio test, and by comparing areas under the receiver operat-
ing curves (ROCs). All statistical analyses were conducted
using Stata v14.2 (StataCorp LP, College Station, TX).

RESULTS

Characteristics of enrolled patients. Three hundred
and twenty-seven patients meeting Staphylococcus sepsis
criteria were enrolled. Of these, 119 (36.4%) met the criteria
for severe sepsis (Figure 1). Clinical characteristics of the
patients with severe sepsis are shown in Table 1. The
median age was 58.5 years (IQR = 46–67) and 80 (67.2%)
were male. The median duration of symptoms was 4 days
(IQR = 2–7). Seventy-three (61.3%) patients had an under-
lying medical condition. The most common preexisting
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conditions were diabetes (N = 42, 35.3%) and kidney disease
(N = 23, 19.3%). Seventy-six (63.9%) patients with severe sep-
sis had positive blood cultures at the time of enrollment; the
remaining patients had positive cultures of pus specimens.
Bacterial isolates from three patients (2.5%) were MRSA.
Organ failure in patients with severe staphylococcal

sepsis. Organ failure in patients with severe sepsis at the

time of enrollment is shown in Supplemental Table 1. Respi-
ratory failure (N = 46, 38.7%) and shock (N = 45, 37.8%)
were the most common manifestations of severe sepsis.
Thrombocytopenia (N = 34, 28.6%) and acute kidney injury
(N = 30, 25.2%) were also frequent.
Clinical management and outcome of patients with

severe staphylococcal sepsis. Specific therapies provided
for the management of severe sepsis, including antibiotics
and drainage procedures, intravenous fluid resuscitation,
and organ support measures are shown in Table 1. Most
patients (N = 109, 91.9%) received antistaphylococcal anti-
microbial therapy by the first day of hospital admission. Of
the 10 patients in whom appropriate therapy was delayed
or not initiated, two had MRSA. Vancomycin was adminis-
tered to 21 (17.6%) patients. A drainage procedure was
performed on 50 (42.0%) patients. Most patients (N = 97,
81.5%) received intravenous fluids on the first hospital day.
Seventeen (14.3%) patients were admitted to ICUs; the
remaining patients were managed on general wards. These
patients did not differ by age, sex, or underlying medical
condition. Only patients requiring mechanical ventilation
were admitted to ICUs but the majority of patients (N = 34,
66.7%) requiring mechanical ventilation were cared for on
the general wards.
Hospital mortality was 14.3% and 28-day mortality was

20.2% among severe sepsis patients (compared with 2.9%
28-day mortality in patients with nonsevere sepsis). One of
three (33.3%) patients with MRSA died within the 28-day
study period. Twenty-eight-day mortality was 52.9% in
patients admitted to an ICU but 14.7% in patients managed
on the general wards.
Biomarkers in patients with severe staphylococcal

sepsis. We measured the concentrations of four pro-
inflammatory cytokines in patients’ plasma drawn at the time
of enrollment: TNF-α, IL-1β, IL-6, and IL-8. We chose these
biomarkers because of previous reports of their utility for
sepsis detection or prognostication.17 All but one TNF-α
value and over 75% of IL-1β values were below the lower
limit of detection of our assay so they were not analyzed
further. In contrast, there was a marked range of IL-6 and
IL-8 responses across several orders of magnitude (Figure 2A).
Univariable analysis of predictors of death in patients

with severe staphylococcal sepsis. We then assessed
which clinical factors were associated with 28-day mortality
among patients with severe staphylococcal sepsis (Table 2).
In univariable analyses, no preexisting condition was signifi-
cantly associated with mortality, although the odds ratio (OR)
for death for patients with heart disease was 3.60 (95% CI =
0.89–14.62, P = 0.07). At the time of enrollment, the presence
of coagulopathy (OR = 5.44, 95% CI = 1.78–16.59, P =
0.003), or respiratory failure (OR = 4.33, 95% CI = 1.67–11.23,
P = 0.003) were significantly associated with death. The asso-
ciation of altered mental status with death did not reach sta-
tistical significance (OR = 2.97, 95% CI = 0.77–11.50, P =
0.12). During the hospitalization, any initiation of mechanical
ventilation (OR = 7.48, 95% CI = 2.56–21.88, P < 0.01), or
use of vasoactive agents (OR = 3.52, 95% CI = 1.38–8.98,
P < 0.01) was associated with death, but receipt of a drain-
age procedure was protective (OR = 0.29, 95% CI = 0.11–0.85,
P = 0.02). Patients admitted to an ICU had greatly increased
odds of death (OR = 6.53, 95% CI = 2.17–19.58, P = 0.001).

FIGURE 1. Study flow chart.

TABLE 1
Baseline characteristics and management of patients with severe

staphylococcal sepsis
Variable N = 119

Characteristic
Median age in years (IQR) 58.5 (46–67)
Female, no. (%) 39 (32.8)
Preexisting conditions, no. (%)

Diabetes mellitus 42 (35.3)
Kidney disease 23 (19.3)
Liver disease 12 (10.1)
Heart disease 9 (7.6)
Lung disease 7 (5.9)
Neurological disease 5 (4.2)
Alcoholism 4 (3.4)
Hematological disease 4 (3.4)
Cancer 2 (1.7)
Autoimmune disease 2 (1.7)
Median comorbidity index* (IQR) 1 (0–1)

Intervention
Source control

Antistaphylococcal antibiotics on first
hospital day, no. (%)

109 (91.9%)

Drainage procedure, no. (%) 50 (42.0%)
Days to drainage procedure, median (IQR) 1 (1–4)

Fluid resuscitation and organ support
Intravenous fluids on first hospital day 97 (81.5%)
Mechanical ventilation 51 (42.9%)
Gas powered ventilator 34 (28.6%)
Electrical ventilator 25 (21.0%)
Vasopressor or inotropic therapy 33 (27.7%)

IQR = interquartile range.
*Comorbidity index is a 10-point score comprising one point each for lung disease,

heart disease, kidney disease, liver disease, neurological disease, hematological disease,
autoimmune disease, cancer, diabetes, and alcoholism.
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We analyzed whether plasma cytokine concentrations
predicted outcome in our cohort. Both IL-6 and IL-8 levels
were strongly associated with death (OR = 3.91, 95% CI =
1.92–7.94, P = 1.7 × 10−4 and OR = 5.86, 95% CI = 2.52–
13.63, P = 4.1 × 10−5), for log transformed IL-6 and IL-8
concentrations, respectively. Quartiles of IL-8 showed a
stepwise increase in mortality rate (P for trend = 3.5 ×
10−6), whereas for IL-6, there was a more apparent thresh-
old effect between the third and fourth quartiles (P for
trend = 0.001) (Figure 2B and 2C). Next, we performed
ROC analysis on the prediction of mortality by mediator
concentrations. The AUROC for IL-6 was 0.72 (95% CI =
0.59–0.85) (Figure 3A). The area under the ROC (AUROC)
for IL-8 was 0.82 (95% CI = 0.73–0.90) (Figure 3A).
Multivariable analysis of predictors of death in patients

with severe staphylococcal sepsis. We then performed
multivariable regression of predictors of death among severe
staphylococcal sepsis patients. To develop a model using
clinical variables, we considered clinical data available at
enrollment and included variables with P values < 0.1 in the
initial model. We also included sex as IL-8 concentrations
were higher in men. In the final model comprising clinical
variables, coagulopathy and respiratory failure were indepen-
dently associated with 28-day mortality (Table 3). The
AUROC for mortality prediction by this baseline model was
0.75 (95% CI = 0.64–0.87) (Figure 3B).
To determine the additional contribution of IL-6 and IL-8 as

predictive biomarkers in this model, we repeated the model
including these mediators individually and together. We
found that the model including IL-6 had lower AIC and BIC
scores than the baseline model (Table 3) and the two models
were significantly different by the likelihood ratio test (P =
0.004). The AUROC for mortality prediction by the model
including IL-6 was 0.81 (95% CI = 0.70–0.91) (Figure 3B),
which was not significantly different from the baseline

model (P = 0.12). Including IL-8 in the model instead of IL-6
resulted in a greater reduction of AIC and BIC scores
(Table 3), and this model was highly significantly different by
the likelihood ratio test (P = 1.9 × 10−5). The AUROC for mor-
tality prediction by the model including IL-8 was 0.86 (95%
CI = 0.78–0.94) (Figure 3B), which was significantly different
from the baseline model without IL-8 (P = 0.03). There was
no added benefit of adding IL-6 to a model with clinical vari-
ables and IL-8; the likelihood ratio test P = 0.29 and AUROC
was 0.86 (95%CI = 0.78–0.94), P = 0.60 (Figure 3C). These
results indicate the added benefit of including IL-8, but not
IL-6, together with clinical variables as predictors of mortality.

DISCUSSION

Gram-positive organisms are important etiologies of sepsis
in high-income countries.5 The available evidence indicates
that staphylococcal infection is also of increasing concern
in resource-restricted settings in Asia, including northeast
Thailand.1–4,11,12 To our knowledge, our prospective multi-
center study is one of the first to provide important data
characterizing severe staphylococcal sepsis in such a setting.
The major findings from our study are that severe staphylo-
coccal sepsis causes significant mortality despite appropriate
antibiotic therapy; diabetes is a common preexisting condi-
tion; most patients are managed outside the ICU even if they
receive vasoactive/inotropic agents and mechanical ventila-
tion; and while clinical factors apparent on presentation
including coagulopathy and respiratory failure predict death,
plasma IL-8 significantly improves this prediction.
In this multicenter study the 28-day mortality rate from

severe staphylococcal sepsis was 20%. A previous single
center study in this region from 2006 to 2007 reported a
mortality rate of 20% at 12 weeks in hospitalized patients
with non-nosocomial invasive S. aureus infection (defined

FIGURE 2. Plasma cytokine concentrations in patients with severe staphylococcal sepsis. (A) The distribution of interleukin (IL)-6 and IL-8 con-
centrations in study subjects. Boxes show 25th, 50th, and 75th percentiles. Bottom and top whiskers show 25th percentile minus 1.5 times the
interquartile range (IQR) and 75th percentile plus 1.5 times the IQR, respectively. (B) and (C) Mortality in patients with severe staphylococcal
sepsis by quartile of IL-8 (B) or IL-6 (C) concentrations. P for trend = 3.5 × 10−6 and P for trend = 0.001, respectively.
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as S. aureus cultured from a sterile site).13 In a related anal-
ysis of patients with S. aureus bacteremia—including noso-
comial infection—who met criteria for severe sepsis, the
28-day mortality rate was 53%.18 Together, these results
underscore the significant burden of severe staphylococcal
sepsis in northeast Thailand. They no doubt underestimate
overall mortality, however, as these studies excluded
patients who died before their cultures turned positive. The
patients with severe staphylococcal sepsis in our study
were older and mostly male. It is notable that nearly two
thirds of patients had an underlying medical condition, and
strikingly, diabetes was the predominant preexisting dis-
ease, present in over a third of patients. This not only
reflects the increasing rates of noncommunicable chronic
diseases such as diabetes worldwide,19 but may also indi-
cate the impact of diabetes on susceptibility to bacterial
infections such as S. aureus.20

The management of severely septic patients with staphy-
lococcal infection requires clinician awareness to diagnose
severe sepsis, promptly administer appropriate antibiotics,
drain pus, fluid resuscitate, and rigorously support failing
organs.18 Although adherence to these basic tenets of
sepsis management is essential, recent studies of severe
sepsis in high-resource settings indicate that there is little
benefit to an invasive early goal-directed care protocol.21–23

Most of the patients in our study received appropriate anti-

microbial therapy and intravenous fluids within the first hos-
pital day as well as access to surgical care and other organ
support measures where necessary. MRSA was an uncom-
mon cause of infection in our study but vancomycin, avail-
able at all sites, was administered quite frequently. While
ICUs are also available at all the study sites, the large
majority of patients enrolled were managed outside an ICU.
Patients admitted to an ICU were more likely to have respi-
ratory failure and more likely to die. Severely septic patients
are often managed in ICUs in high-resource settings. Our
observations suggest that ICU admission in this study was
restricted to the subset of sickest patients, but that the
majority of patients managed on general wards nonetheless
received necessary therapies.
We identified a number of risk factors for death from

severe staphylococcal sepsis in northeast Thailand. In a

FIGURE 3. Receiver operating curves for prediction of death.
(A) Log10 interleukin (IL)-6 (white circles) and log10 IL-8 (black diamonds).
(B) A baseline model of clinical variables (grey circles) with the addition
of either log10 IL-6 (white diamonds) or log10 IL-8 (black squares).
(C) A model of clinical variables and log10 IL-8 (white circles) with
the addition of log10 IL-6 (black diamonds).

TABLE 2
Univariable analysis of predictors of death in severe staphylococcal

sepsis
Variable OR (95% CI) P value

Baseline
Age 1.01 0.98–1.04 0.57
Female 1.63 0.65–4.09 0.30
Preexisting condition

Diabetes mellitus 1.13 0.45–2.85 0.80
Kidney disease 2.03 0.72–5.70 0.18
Liver disease 2.18 0.60–7.94 0.24
Heart disease 3.60 0.89–14.62 0.07
Lung disease 0.64 0.07–5.63 0.69
Neurological disease 0.99 0.11–9.28 0.99
Alcoholism –
Hematological disease 1.33 0.13–13.42 0.81
Cancer –
Autoimmune disease 4.09 0.25–67.82 0.33
Bacteremia 2.53 0.87–7.37 0.09

Organ failure at enrollment
Respiratory failure 4.33 1.67–11.23 0.003
Shock 2.33 0.94–5.77 0.07
Thrombocytopenia 1.04 0.39–2.78 0.94
Acute kidney injury 0.99 0.35–2.77 0.98
Acute hepatic injury 0.90 0.24–3.45 0.88
Coagulopathy 5.44 1.78–16.59 0.003
Altered mental status 2.97 0.77–11.50 0.12

Clinical management during hospitalization
Delayed antibiotics 0.99 0.20–4.99 0.99
Underwent drainage

procedure
0.29 0.11–0.85 0.02

Received any intravenous
fluid

3.65 0.45–29.36 0.22

Received mechanical
ventilation

7.48 2.56–21.88 2.4 × 10−4

Received vasopressors
or inotropes

3.52 1.38–8.98 0.008

Biomarkers
IL-6 pg/mL (log10) 3.91 1.92–7.94 1.7 × 10−4

IL-8 pg/mL (log10) 5.86 2.52–13.63 4.1 × 10−5

CI = confidence interval; IL = interleukin; OR = odds ratio.
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multivariable analysis, the major clinical predictors on pre-
sentation to the hospital were coagulopathy and respiratory
failure. These probably differ from a previous report of risk
factors for death from S. aureus infection in northeast
Thailand (in which age and cardiac disease were the
presenting factors predicting death)13 due to our focus on
community-onset infection and patients with severe sepsis.
In addition to these clinical risk factors, we also sought a
biomarker that might serve as a useful adjunct predictor. If
sufficiently accurate, such a biomarker could be assayed in
a point-of-care device and therefore used by clinicians at
the bedside in resource-restricted settings. The chemokine
IL-8 is a fundamental participant in many inflammatory pro-
cesses. It is produced by many different cells and is well
described as a biomarker predicting outcome in sepsis,24–28

but not all reports support its utility as a risk stratification
tool.29 We are not aware that it has previously been evalu-
ated extensively in staphylococcal sepsis. We found that
plasma levels of IL-8 provide accurate prediction of death,
both alone and—crucially—when combined with clinical vari-
ables. Indeed, inclusion of IL-8 in the regression model sub-
stantially augmented the prediction of death compared with
clinical variables alone. While plasma IL-6, TNF-α, and IL-1β
levels are also reported as predictors of death from sepsis,30

in our study the utility of IL-8 was much greater. Nonethe-
less, this finding requires external validation in other cohorts
of severe staphylococcal sepsis. It also remains to be deter-
mined whether the characteristics of the clinical model will
remain accurate in other causes of sepsis. If the predictive
value of IL-8 is confirmed in these settings, it could serve to
identify patients at high risk of death who deserve more
intensive management upon recognition of sepsis. The low
plasma concentrations of TNF-α and IL-1β in our cohort
mirror the findings of several other investigators,31–33 but it is
also possible that levels of these mediators may have been
higher earlier in the clinical course.
Our study offers several strengths, including its prospec-

tive, multicenter design and excellent rate of follow-up. Our
use of 28-day mortality rather than hospital mortality is espe-
cially relevant in this region where very ill patients are often
taken home from the hospital to die. Our focus on staphylo-
coccal sepsis addresses an important etiology of sepsis in

the region, and it provides key insights into management of
severe infection in provincial Thailand. Our investigation of
IL-8 is pertinent as this mediator has not been thoroughly
evaluated as a biomarker in staphylococcal sepsis.
The main limitation to our study was that we did not

enroll patients until after a culture-proven diagnosis of
staphylococcal infection. Therefore, enrollment did not
occur for at least 48 hours into hospitalization and our fig-
ures are likely to underestimate early deaths. Some patients
were enrolled even later when the bacterial isolation was
further delayed. However, our mortality figures are similar to
those in another prospective study of severe sepsis in this
region that enrolled patients within 24 hours of admission
(D Limmathurotsakul and TE West, unpublished data).
Although we enrolled patients with infection identified by
the clinical laboratory as S. aureus, we recently reported
that a subset of these patients actually was infected with a
related pathogen, S. argenteus.14 Clinical manifestations of
S. aureus infection may be more severe than S. argenteus
infection,14 but as these bacteria are not differentiated in rou-
tine practice in this setting, we did not consider this in our
analysis. Finally, the timing of antibiotic and intravenous fluid
administration in our study is reported in days, whereas
other studies support the importance of these treatments
within hours of sepsis onset.34

CONCLUSIONS

We show that at least one in five patients with severe
community-onset staphylococcal sepsis admitted to provin-
cial hospitals in northeast Thailand country die. Many patients
have diabetes, and most patients are managed outside ICUs.
MRSA is uncommon. We define clinical risk factors for death
and identify a highly predictive role for IL-8 that deserves
further evaluation. These data expand our knowledge of
severe staphylococcal sepsis in resource-restricted areas in
southeast Asia.
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TABLE 3
Multivariable analysis of predictors of death in severe staphylococcal sepsis

Model Variable OR 95% CI P value

Clinical variables without IL-6 or IL-8 Sex 1.75 0.62–4.96 0.29
Respiratory failure 3.94 1.44–10.78 0.007
Coagulopathy 6.04 1.77–20.57 0.004
Model pseudo R2 = 0.15; AIC = 109.1; BIC = 120.2

With IL-6 Sex 1.87 0.63–5.53 0.26
Respiratory failure 2.61 0.88–7.78 0.08
Coagulopathy 4.41 1.09–15.76 0.04
IL-6 pg/mL (log10) 2.74 1.31–5.75 0.008
Model pseudo R2 = 0.22; AIC = 102.7; BIC = 116.5

With IL-8 Sex 3.89 1.05–14.37 0.04
Respiratory failure 3.40 1.10–10.51 0.03
Coagulopathy 5.62 1.44–21.87 0.01
IL-8 pg/mL (log10) 7.57 2.71–21.20 < 0.001
Model pseudo R2 = 0.31; AIC = 92.8; BIC = 106.6

AIC = Akaike information criterion; BIC = Bayesian information criterion; CI = confidence interval; IL = interleukin; OR = odds ratio.

1047SEVERE STAPHYLOCOCCAL SEPSIS IN THAILAND



Acknowledgments: We thank the patients who agreed to partici-
pate in this study, and are grateful for the support given by staff at
Sunpasitthiprasong Hospital, Udon Thani Hospital, Khon Kaen
Hospital, Srinagarind hospital, and the Mahidol-Oxford Tropical
Medicine Research Unit. We thank Maliwan Hongsuwan, Direk
Limmathurotsakul, Surasakdi Wongratanacheewin, and Vanaporn
Wuthiekanun for helpful comments.

Financial support: This work was supported by a Wellcome Trust
Career Development award in Public Health and Tropical Medicine
to Narisara Chantratita (087769/Z/08/Z). The work was further
supported by grants to Sharon J. Peacock from the UKCRC Trans-
lational Infection Research (TIR) Initiative, and the Medical
Research Council (Grant no. G1000803) with contributions to the
Grant from the Biotechnology and Biological Sciences Research
Council, the National Institute for Health Research on behalf of the
Department of Health, and the Chief Scientist Office of the Scottish
Government Health Directorate.

Authors’ addresses: T. Eoin West, Division of Pulmonary and Critical
Care Medicine, Department of Medicine, University of Washington,
Seattle, WA, International Respiratory and Severe Illness Center,
University of Washington, Seattle, WA, and Department of Micro-
biology and Immunology, Faculty of Tropical Medicine, Mahidol
University, Bangkok, Thailand, E-mail: tewest@uw.edu. Chanthiwa
Wikraiphat, Pitchayanant Ariyaprasert, and Pornpan Suntornsut,
Mahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropical
Medicine, Mahidol University, Bangkok, Thailand, E-mails: shaaed@
gmail.com, oil@tropmedres.ac, and pornpan@tropmedres.ac.
Sarunporn Tandhavanant and Narisara Chantratita, Mahidol-Oxford
Tropical Medicine Research Unit, Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand, and Department of Microbi-
ology and Immunology, Faculty of Tropical Medicine, Mahidol Uni-
versity, Bangkok, Thailand, E-mails: sarunporn.tan@mahidol.ac.th
and narisara@tropmedres.ac. Shawna Okamoto, Division of Pulmonary
and Critical Care Medicine, Department of Medicine, University of
Washington, Seattle, WA, E-mail: shawna.okamoto@gmail.com. Weera
Mahavanakul, Department of Medicine, Sunpasitthiprasong Hospital,
Ubon Ratchathani, Thailand, E-mail: weera_maha@yahoo.com.
Pramot Srisamang, Department of Pediatrics, Sunpasitthiprasong
Hospital, Ubon Ratchathani, Thailand, E-mail: pramotsrisamang@
gmail.com. Sunchai Phiphitaporn, Department of Medicine, Udon Thani
Regional Hospital, Udon Thani, Thailand, E-mail: sunchaiphiphitaporn@
gmail.com. Jirasak Anukunananchai, Department of Medicine, Khon
Kaen Regional Hospital, Khon Kaen, Thailand, E-mail: jirasakanan@
yahoo.com. Ploenchan Chetchotisakd, Department of Medicine,
Faculty of Medicine, Khon Kaen University, Thailand, E-mail:
pleoncha@kku.ac.th. Sharon J. Peacock, London School of Hygiene
and Tropical Medicine, London, United Kingdom, and Department of
Microbiology and Immunology, Faculty of Tropical Medicine, Mahidol
University, Bangkok, Thailand, E-mail: sjp97@medschl.cam.ac.uk.

This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES

1. Nickerson EK, West TE, Day NP, Peacock SJ, 2009.
Staphylococcus aureus disease and drug resistance in
resource-limited countries in south and east Asia. Lancet
Infect Dis 9: 130–135.

2. Vlieghe ER, Phe T, De Smet B, Veng HC, Kham C, Lim K, Koole
O, Lynen L, Peetermans WE, Jacobs JA, 2013. Bloodstream
infection among adults in Phnom Penh, Cambodia: key path-
ogens and resistance patterns. PLoS One 8: e59775.

3. Stoesser N, Moore CE, Pocock JM, An KP, Emary K, Carter M,
Sona S, Poda S, Day N, Kumar V, Parry CM, 2013. Pediatric
bloodstream infections in Cambodia, 2007 to 2011. Pediatr
Infect Dis J 32: e272–e276.

4. AndersonM, Luangxay K, Sisouk K, Vorlasan L, Soumphonphakdy
B, Sengmouang V, Chansamouth V, Phommasone K,
Van Dyke R, Chong E, Dance DA, Phetsouvanh R, Newton PN,
2014. Epidemiology of bacteremia in young hospitalized
infants in Vientiane, Laos, 2000–2011. J Trop Pediatr 60: 10–16.

5. Martin GS, Mannino DM, Eaton S, Moss M, 2003. The epidemi-
ology of sepsis in the United States from 1979 through
2000. N Engl J Med 348: 1546–1554.

6. Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos
T, Schlattmann P, Angus DC, Reinhart K, 2015. Assessment
of global incidence and mortality of hospital-treated sepsis:
current estimates and limitations. Am J Respir Crit Care Med
193: 259–272.

7. Ferry T, Perpoint T, Vandenesch F, Etienne J, 2005. Virulence
determinants in Staphylococcus aureus and their involvement
in clinical syndromes. Curr Infect Dis Rep 7: 420–428.

8. Lowy FD, 1998. Staphylococcus aureus infections. N Engl J
Med 339: 520–532.

9. Cheng AC, West TE, Limmathurotsakul D, Peacock SJ, 2008.
Strategies to reduce mortality from bacterial sepsis in adults
in developing countries. PLoS Med 5: e175.

10. Jacob ST, Lim M, Banura P, Bhagwanjee S, Bion J, Cheng AC,
Cohen H, Farrar J, Gove S, Hopewell P, Moore CC, Roth C,
West TE, 2013. Integrating sepsis management recommen-
dations into clinical care guidelines for district hospitals in
resource-limited settings: the necessity to augment new
guidelines with future research. BMC Med 11: 107.

11. Nickerson EK, Wuthiekanun V, Day NP, Chaowagul W, Peacock
SJ, 2006. Methicillin-resistant Staphylococcus aureus in rural
Asia. Lancet Infect Dis 6: 70–71.

12. Kanoksil M, Jatapai A, Peacock SJ, Limmathurotsakul D, 2013.
Epidemiology, microbiology and mortality associated with
community-acquired bacteremia in northeast Thailand:
a multicenter surveillance study. PLoS One 8: e54714.

13. Nickerson EK, Wuthiekanun V, Wongsuvan G, Limmathurosakul
D, Srisamang P, Mahavanakul W, Thaipadungpanit J, Shah
KR, Arayawichanont A, Amornchai P, Thanwisai A, Day NP,
Peacock SJ, 2009. Factors predicting and reducing mortality
in patients with invasive Staphylococcus aureus disease in a
developing country. PLoS One 4: e6512.

14. Chantratita N, Wikraiphat C, Tandhavanant S, Wongsuvan G,
Ariyaprasert P, Suntornsut P, Thaipadungpanit J,
Teerawattanasook N, Jutrakul Y, Srisurat N, Chaimanee P,
Anukunananchai J, Phiphitaporn S, Srisamang P,
Chetchotisakd P, West TE, Peacock SJ, 2016. Comparison of
community-onset Staphylococcus argenteus and Staphylo-
coccus aureus sepsis in Thailand: a prospective multicentre
observational study. Clin Microbiol Infect 22: 458.

15. Bone RC, Sibbald WJ, Sprung CL, 1992. The ACCP-SCCM
consensus conference on sepsis and organ failure. Chest
101: 1481–1483.

16. Ferreira FL, Bota DP, Bross A, Melot C, Vincent JL, 2001.
Serial evaluation of the SOFA score to predict outcome in
critically ill patients. JAMA 286: 1754–1758.

17. Pierrakos C, Vincent JL, 2010. Sepsis biomarkers: a review.
Crit Care 14: R15.

18. Mahavanakul W, Nickerson EK, Srisomang P, Teparrukkul P,
Lorvinitnun P, Wongyingsinn M, Chierakul W, Hongsuwan M,
West TE, Day NP, Limmathurotsakul D, Peacock SJ, 2012.
Feasibility of modified surviving sepsis campaign guidelines
in a resource-restricted setting based on a cohort study of
severe S. aureus sepsis. PLoS One 7: e29858.

19. Aekplakorn W, Abbott-Klafter J, Premgamone A, Dhanamun B,
Chaikittiporn C, Chongsuvivatwong V, Suwanprapisa T,
Chaipornsupaisan W, Tiptaradol S, Lim SS, 2007. Prevalence
and management of diabetes and associated risk factors
by regions of Thailand: Third National Health Examination
Survey 2004. Diabetes Care 30: 2007–2012.

20. Smit J, Sogaard M, Schonheyder HC, Nielsen H, Froslev T,
Thomsen RW, 2016. Diabetes and risk of community-acquired
Staphylococcus aureus bacteremia: a population-based
case-control study. Eur J Endocrinol 174: 631–639.

21. Yealy DM, Kellum JA, Huang DT, Barnato AE, Weissfeld LA, Pike F,
Terndrup T, Wang HE, Hou PC, LoVecchio F, Filbin MR, Shapiro
NI, Angus DC, 2014. A randomized trial of protocol-based care
for early septic shock.NEngl JMed 370: 1683–1693.

22. Mouncey PR, Osborn TM, Power GS, Harrison DA, Sadique
MZ, Grieve RD, Jahan R, Tan JC, Harvey SE, Bell D, Bion
JF, Coats TJ, Singer M, Young JD, Rowan KM, 2015.
Protocolised Management In Sepsis (ProMISe): a multicentre

1048 WEST AND OTHERS

http://creativecommons.org/licenses/by/4.0/


randomised controlled trial of the clinical effectiveness and
cost-effectiveness of early, goal-directed, protocolised
resuscitation for emerging septic shock. Health Technol
Assess 19: 1–150.

23. Peake SL, Delaney A, Bailey M, Bellomo R, Cameron PA, Cooper
DJ, Higgins AM, Holdgate A, Howe BD, Webb SA, Williams P,
2014. Goal-directed resuscitation for patients with early septic
shock. N Engl J Med 371: 1496–1506.

24. Hack CE, Hart M, van Schijndel RJ, Eerenberg AJ, Nuijens JH,
Thijs LG, Aarden LA, 1992. Interleukin-8 in sepsis: relation
to shock and inflammatory mediators. Infect Immun 60:
2835–2842.

25. Marty C, Misset B, Tamion F, Fitting C, Carlet J, Cavaillon JM,
1994. Circulating interleukin-8 concentrations in patients
with multiple organ failure of septic and nonseptic origin.
Crit Care Med 22: 673–679.

26. Feuerstein G, Rabinovici R, 1994. Importance of interleukin-8
and chemokines in organ injury and shock. Crit Care Med
22: 550–551.

27. Fujishima S, Sasaki J, Shinozawa Y, Takuma K, Kimura H, Suzuki
M, Kanazawa M, Hori S, Aikawa N, 1996. Serum MIP-1 alpha
and IL-8 in septic patients. Intensive Care Med 22: 1169–1175.

28. Wong HR, Cvijanovich N, Wheeler DS, Bigham MT, Monaco M,
Odoms K, Macias WL, Williams MD, 2008. Interleukin-8 as a
stratification tool for interventional trials involving pediatric
septic shock. Am J Respir Crit Care Med 178: 276–282.

29. Calfee CS, Thompson BT, Parsons PE, Ware LB, Matthay MA,
Wong HR, 2010. Plasma interleukin-8 is not an effective risk
stratification tool for adults with vasopressor-dependent
septic shock. Crit Care Med 38: 1436–1441.

30. Blackwell TS, Christman JW, 1996. Sepsis and cytokines: current
status. Br J Anaesth 77: 110–117.

31. Casey LC, Balk RA, Bone RC, 1993. Plasma cytokine and
endotoxin levels correlate with survival in patients with the
sepsis syndrome. Ann Intern Med 119: 771–778.

32. Endo S, Inada K, Inoue Y, Kuwata Y, Suzuki M, Yamashita H,
Hoshi S, Yoshida M, 1992. Two types of septic shock classi-
fied by the plasma levels of cytokines and endotoxin. Circ
Shock 38: 264–274.

33. Goldie AS, Fearon KC, Ross JA, Barclay GR, Jackson RE,
Grant IS, Ramsay G, Blyth AS, Howie JC, 1995. Natural
cytokine antagonists and endogenous antiendotoxin core
antibodies in sepsis syndrome. The Sepsis Intervention
Group. JAMA 274: 172–177.

34. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal
SM, Sevransky JE, Sprung CL, Douglas IS, Jaeschke R,
Osborn TM, Nunnally ME, Townsend SR, Reinhart K,
Kleinpell RM, Angus DC, Deutschman CS, Machado FR,
Rubenfeld GD, Webb SA, Beale RJ, Vincent JL, Moreno R,
2013. Surviving Sepsis Campaign: International Guidelines
for Management of Severe Sepsis and Septic Shock: 2012.
Crit Care Med 41: 580–637.

1049SEVERE STAPHYLOCOCCAL SEPSIS IN THAILAND




