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ABSTRACT 

Objective: Sepsis is associated with immunosuppression (characterized by a reduced capacity of 

circulating monocytes to release proinflammatory cytokines), which has been implicated in late 

mortality. Melioidosis, caused by the Gram-negative bacterium Burkholderia pseudomallei, is an 

important cause of community-acquired sepsis in SE-Asia with a mortality of up to 40%.  Previ-

ous in vitro and murine studies have suggested a key role for so called negative regulators of the 

Toll-like receptor (TLR) signaling pathway in immunosuppression. In this study, we investigated 

the expression of these negative TLR regulators in patients with septic melioidosis in association 

with the responsiveness of peripheral blood leukocytes of these patients to lipopolysaccharide 

(LPS) and B. pseudomallei.

Design: Ex vivo study. 

Setting: Academic research laboratory

Patients: 32 healthy controls and 34 patients with sepsis caused by B. pseudomallei.

Intervention: None

Measurements: (1) Plasma cytokine levels, (2) ex vivo cytokine production capacity of whole 

blood and (3) purified mononuclear cell derived mRNA levels of key inhibitory molecules of the 

TLR-signaling cascade were investigated. 

Main results: In accordance with an immunosuppressed state, whole blood of patients demon-

strated a strongly decreased capacity to release the proinflammatory cytokines tumor necrosis 

factor- , interleukin-1  and the chemokine interleukin-8 after ex vivo stimulation with LPS or 

B. pseudomallei. Analysis of MyD88-short, IRAK-M, IRAK-1, SOCS-3, SHIP-1, SIGIRR and A20 

mRNA expression in purified mononuclear cells showed decreased IRAK-1 and elevated IRAK-M 

expression in patients with septic melioidosis. Immunosuppression was correlated with mortality; 

furthermore patients who went on to die had higher IRAK-M mRNA levels on admission than 

patients who survived.

Conclusions: Immunosuppression in sepsis caused by B. pseudomallei is associated with an 

up-regulation IRAK-M and an indicator of poor outcome.
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INTRODUCTION

Sepsis is associated with a state of immunosuppression, which has been implicated as an 

important underlying cause of late sepsis mortality 1, 2. Immunosuppression is characterized 

by a reduced capacity of circulating immune cells, most notably mononuclear cells, to release 

proinflammatory cytokines. Endotoxin tolerance is defined as a reduced responsiveness to a 

lipopolysaccharide (LPS) challenge following a first encounter with endotoxin 2. Immunosuppres-

sion can be beneficial by preventing damage from an overwhelming inflammatory response. On 

the other hand, the observation of an altered immune status in patients may favor an increased 

risk of subsequent nosocomial infections 2-4. There is however no clear demonstration that this 

phenomenon is directly responsible for poor outcome in patients. Of interest, in mice it has been 

shown that LPS-pretreatment leading to endotoxin tolerance protects against experimental 

infections 5, 6. Therefore, it seems that immunosuppression observed in septic patients may be 

different from endotoxin tolerance.

The molecular mechanisms underlying sepsis associated immunosuppression remains to be 

elucidated 1, 7, 8.  Recently, attention has been directed to a possible role for the negative regulators 

of Toll-like receptor (TLR) signaling 1, 9. TLRs detect host invasion by pathogens, initiate immune 

responses and form the crucial link between the innate and adaptive immune systems 10, 11. As the 

immune system needs to constantly strike a balance between activation and inhibition to avoid 

harmful and inappropriate inflammatory responses, TLR signaling must be tightly regulated 9.

Recent in vitro and murine studies have shown that immunosuppression is accompanied by the 

upregulation of inhibitory molecules that down-regulate TLR-signaling, suggesting a key role 

for these negative TLR regulators in immunosuppression. These include the transmembrane 

protein single-immunoglobulin-interleukin-1R-related-molecule (SIGIRR) and the intracellular 

molecules myeloid-differentiation-88-short (MyD88s), IL-1R-associated-kinase-M (IRAK-M), 

suppressor-of-cytokine signalling (SOCS), A20 and Src-homology-2-domain-containing inositol-

5-phosphatase-1 (SHIP-1) 9. Knowledge about the expression of these negative regulators of TLR 

signaling in sepsis in vivo is highly limited. 

Melioidosis, caused by the Gram-negative bacillus Burkholderia pseudomallei, is an important cause 

of severe sepsis in Southeast-Asia 12, 13. We have recently characterized the expression and function 

of the TLRs in septic melioidosis and found an up-regulation of multiple TLRs in peripheral blood 

mononuclear cells 14. In the current study we aimed to investigate the expression of the negative TLR 

regulators in patients with septic melioidosis in association with the responsiveness of peripheral 

blood leukocytes of these patients to proinflammatory challenges. 
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MATERIALS AND METHODS

Study population 

34 patients with culture positive sepsis caused by B. pseudomallei (mean age 52 years; range, 

18-86 years; 50% male) and 32 healthy control subjects (mean age 41 years; range, 21-59 years; 

71% male) were prospectively recruited at Sapprasithiprasong Hospital, Ubon Ratchathani, 

northeast Thailand in 2004. B. pseudomallei was cultured in blood (n=21), throat swab or tracheal 

suction (n=13), sputum (n=7), pus from abscess (n=8) or urine (n=5). The overall patient mortality 

was 44%. Study design and subjects have been described in detail 14. Sepsis due to melioidosis 

was defined as culture positivity for B. pseudomallei from any clinical sample plus a systemic 

inflammatory response syndrome (SIRS) 15, 16. Blood was drawn within 36 hours of the start of 

appropriate antimicrobial therapy. The study was approved by both the Ministry of Public Health, 

Royal Government of Thailand and the Oxford Tropical Research Ethics Committee, University 

of Oxford, England and written informed consent was obtained from all study subjects.  

Whole blood stimulation

Whole blood, anticoagulated with sodium heparin and diluted 1:1 (vol: vol) in pyrogen-free 

RPMI 1640 (Bio-Whittaker, Verviers, Belgium), was stimulated for 4 hours at 37ºC with LPS ( final 

concentration 10 ng/ml; from E. coli serotype 055:B5; Sigma, St. Louis, MO), avirulent heat-killed 

B. thailandensis E264 (5x107 CFU/ml 17) or virulent B. pseudomallei strain 1026b (5x107 CFU/ml 
18), In preliminary experiments we found that TNF levels are at their maximum 4 hours after in 

vitro stimulation with LPS, while levels of IL-1 , IL-6 and IL-10 are already substantially elevated. 

Bacteria culture 19 and subsequent stimulation were done as described 20. After incubation, 

supernatant was obtained and stored at -20oC until assayed for cytokine release. The amount of 

immunosuppression was determined by the capacity of whole blood sampled from patients and 

controls to release cytokines upon stimulation. The spontaneously released amounts of cytokines 

(e.g. pre-existing plasma cytokine + spontaneously released cytokines) were subtracted from 

the amount analyzed after stimulation (control stimulated – control spontaneous and patient 

stimulated – patient spontaneous). 

Evaluation of mRNA levels by quantitative RT-PCR

Leukocytes were isolated from heparinized blood using erylysis buffer. Monocyte enriched popu-

lations where isolated using Polymorphprep (Axis-Shield, Dundee, UK). Purified mononuclear 

cells fractions were >98% pure as determined by their scatter pattern on flow cytometry. The 

lymphocyte:monocyte ratio did not differ between patients and controls in our population (data 

not shown). After isolation, mononuclear cells were dissolved in Trizol and stored at –80 ºC until 

used for RNA isolation. RNA was isolated as described 21.  RT-PCR reactions were performed on 

cDNA samples that were 4-fold diluted in H20 using FastStart DNA Master SYBR GreenI (Roche, 

Indianapolis, IN) with 2.5 mM MgCl2 in a LightCycler (Roche, Indianapolis, IN) apparatus. PCR 

conditions were: 5 min 95ºC hot-start, followed by 40 cycles of amplification (95ºC for 15s, 60ºC for 

5s, 72ºC for 20s). Quantification standard curves were constructed by PCR using serial dilutions 
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of concentrated cDNA; data were analyzed using the LightCycler software. Gene expression is 

presented as a ratio of the expression of the housekeeping gene -2-microglobulin (B2M) 21, 22. No 

upregulation of B2M was seen in patients compared to controls (data not shown). Table 1 lists 

primers used for RT-PCR. Oligonucleotides were obtained from Eurogentec, Seraing, Belgium.

Assays 

Human tumor necrosis factor (TNF)- , Interleukin (IL)-1 , IL-6, IL-10, IL-8 and IL-12p70 were 

measured by cytometric-bead-array (CBA) multiplex-assay (BDBiosciences, San Jose, CA) in 

accordance with the manufacturer’s recommendations. The lower detection limit was 10 pg/ml 

for all cytokines analyzed. 

Statistical analysis

Values are expressed as means±SEM unless indicated otherwise. Differences between groups 

were analyzed by Mann-Whitney U test. These analyses were performed using GraphPad Prism 

version 4.00, GraphPad Software (San Diego, CA). A P < 0.05 was considered to represent a 

statistically significant difference.

Table 1. Primer sequences for real-time PCR

Gene Primer sequence

A20 Forward TCCAGAACACCATTCCGT

Reverse TGAGGTGCTTTGTGTGGTT

IRAK-1 Forward GTACATCAAGACGGGAAGGC

Reverse AGTGTGCTCTGGGTGCTTCT

IRAK-M Forward GTACATCAGACAGGGGAAACTTT

Reverse GACATGAATCCAGGCCTCTC

MyD88-short Forward GGGACACAGCATTGGGCATA

Reverse ACATTCCTTGCTCTGCAGGT

SHIP-1 Forward GAAGACCAAGTCCCAGACC

Reverse CATAGGATTCGTCGCTGTCA

SIGIRR Forward AAGGACCCCATGCTGATTC

Reverse AGATCCGAGACGTCCACTTC

SOCS-3 Forward CAGTCTGGGACCAAGAACCT

Reverse GAGGAGGGTTCAGTAGGTGG

2-microglobulin Forward CTCGCGCTACTCTCTCTCTTTCT

Reverse TGCTCCACTTTTTCAATTCTCT

IRAK-1, IL-1 receptor-associated kinase; IRAK-M, IL-1R-associated kinase-M; MyD88s, myeloid differentiation 88 
short; SHIP-1, Src homology (SH)2 domain–containing inositol polyphosphate 5’-phosphatase-1; SIGIRR, single 
immunoglobulin interleukin-1R-related molecule; SOCS-3, suppressor of cytokine signaling-3.
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 RESULTS 

Proinflammatory cytokine profile in patients

Consistent with the literature on sepsis caused by other pathogens 1, 23, 24, sepsis caused by B. 

pseudomallei was associated with elevated plasma levels of the cytokines IL-6, IL-8 and IL-10 

(Table 2). IL-1  and IL-12p70 tended to be elevated in patients but the difference with controls 
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Figure 1. Sepsis caused by Burkholderia pseudomallei (melioidosis) is characterized by immunosup-
pression. Whole blood obtained from patients (n=34, gray bars) and healthy controls (n=32, white bars) 
was stimulated with lipopolysaccharide (LPS), heat-killed B. thailandensis E264 or heat-killed B. pseudomallei 
strain 1026b for 4 hours before measurement of TNF-  (A), IL-1  (B), IL-6 (C), IL-8 (D) and IL-10 (E) in the 
supernatant (see Materials and Methods for details). Data are means ± SEM; ** P < 0.01, *** P < 0.001 versus 
healthy controls; ns denotes not significant. 

Table 2. Patient cytokine profile

Variables (pg/ml) Healthy controls (n=32) Patients (n=34)

TNF- BD BD

IL-6 37 ± 13 4501 ± 2964 

IL-10 BD 67 ± 25*

IL-12p70 16 ± 6 22 ± 5

Il-1 78 ± 16 265  ±  142

IL-8 169± 17 2090 ± 787 *

TNF- , tumor necrosis factor- ; IL, Interleukin; BD: below detection limit; Cytokine values given as mean ± SEM. 
P values are according to the Mann-Whitney test, *P < 0.05 vs healthy controls
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did not reach statistical significance, in part due to a large inter-individual variation. TNF- was 

undetectable in both patients and controls. 

Sepsis caused by B. pseudomallei is characterized by immunosuppression, with 

decreased pro-inflammatory cytokine levels upon stimulation of whole blood

To determine the amount of immunosuppression during severe melioidosis, we tested the capac-

ity of whole blood sampled from patients and controls to release pro- and anti-inflammatory 

cytokines upon stimulation with LPS or Burkholderia species.  Whole blood obtained from 

patients with sepsis caused by B. pseudomallei released less TNF- , IL-1  and IL-8 than blood from 

controls upon ex vivo stimulation with either LPS, B. thailandensis or B. pseudomallei (Fig. 1). In 

contrast, a trend towards an enhanced production of IL-10 was observed in patients compared 

to controls after ex vivo LPS and bacterial stimulation although these differences did not reach 

statistical significance (Fig. 1). 

No difference in SOCS-3, A20 and MyD88s mRNA expression between septic 

patients and controls

Having established that sepsis caused by B. pseudomallei is characterized by immunosuppression, 

we sought to obtain insights into the expression profiles of molecules known to be important 

negative regulators of the TLR-signaling cascade in purified peripheral mononuclear cells. We 

first determined the mRNA levels of SOCS-3, A20 and MyD88s in patients and controls. SOCS-3 

is an inhibitor of the IL-6 receptor. The feedback inhibition by SOCS-3 of IL-6 signaling plays an 

important role in the differential outcome of IL-10 versus IL-6 signaling 25. Furthermore, it is known 

that SOCS-3 is expressed in monocytes from septic mice 26. However, in our patient population 

we did not observe a significant upregulation of SOCS-3 mRNA expression in peripheral blood 

mononuclear cells (Fig.2A). A20, a classic negative feedback inhibitor induced directly by NF- B, 

inhibits the generation of active NF- B by blocking at the TRAF/IKK level 27, 28. In a murine study 

it was shown that A20 is required for termination of TLR responses 28. In patients with septic 

melioidosis A20 mRNA expression levels were not significantly altered from controls (Fig.2B). 
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Figure 2. Expression of SOCS-3, A20 and MyD88s in septic patients. In patients with septic melioidosis no 
differences were observed in mRNA levels of SOCS-3 (A), A20 (B) and MyD88s (C). mRNA levels were measured 
in purified peripheral mononuclear cells. After quantitative RT-PCR the copy numbers for all genes were normal-
ized against 2-microglobulin, which was also amplified by RT-PCR. Mean ± SEM are shown for patients with 
septic melioidosis (n=34, gray bars) and healthy controls (n=32, white bars); ns denotes not significant.
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MyD88 plays a key role in TLR-signaling as all TLRs (except TLR3) signal through this adaptor 

protein. MyD88s is an inhibitory splice variant of MyD88 and has been postulated to be involved 

in LPS tolerance 29. We did however not see a difference between MyD88s mRNA expression in 

septic patients and controls (Fig. 2C). 

Decreased SHIP-1 and SIGIRR mRNA expression in septic melioidosis

Since the SHIP-1, a PI3-kinase inhibitor, is known to be involved in the induction of endotoxin 

tolerance in mice 30, we determined SHIP expression and found that SHIP-1 mRNA expression 

was significantly lower in patients compared to controls (Fig. 3A).  Mononuclear cell mRNA 

levels of SIGIRR, which has been shown to be a negative modulator of LPS-induced signaling 
31, was also significantly reduced in our cohort of patients with septic melioidosis compared to 

controls (Fig. 3B).  
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Figure 3. Expression of SHIP-1 and SIGIRR mRNA in septic patients. In purifed mononuclear cells from 
patients with septic melioidosis strongly decreased mRNA levels were seen of  both SHIP-1 (A) and SIGIRR 
(B). mRNA levels were measured in purified peripheral mononuclear cells. After quantitative RT-PCR the copy 
numbers for all genes were normalized against 2-microglobulin, which was also amplified by RT-PCR. Mean ± 
SEM are shown for patients with septic melioidosis (n=34, gray bars) and healthy controls (n=32, white bars); 
** P < 0.01, *** P < 0.001 versus healthy.

Figure 4. Increased IRAK-M and decreased IRAK-1 mRNA expression in septic patients. Strongly increased 
levels of IRAK-M mRNA (A) were observed in the mononuclear cells from septic patients (n=34; gray bars) 
compared to controls (n=32; white bars), while IRAK-1 mRNA expression (B) was significantly decreased in 
patients. After quantitative RT-PCR the copy numbers for all genes were normalized against 2-microglobulin, 
which was also amplified by RT-PCR. Mean ± SEM; * P < 0.05, *** P < 0.001 versus healthy controls.
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Increased IRAK-M and decreased IRAK-1 mRNA expression in septic melioidosis

Another factor that has been implicated in immunosuppression is IRAK-M, an inhibitor of IRAK-1/

IRAK-4 signaling 32. Importantly, IRAK-M is produced exclusively by monocytes/macrophages 33.

We found that IRAK-M mRNA was strongly induced in blood mononuclear cells of septic patients, 

while IRAK-1 transcription was downregulated (Fig. 4).  Thus in whole blood mononuclear cells an 

upregulation of IRAK-M is accompanied by a drop in IRAK-1 levels, indicating that immunosup-

pression is potentially ruled by a change in the IRAK-1/IRAK-M-ratio.

Table 3. Association between mortality and levels of (A) ex vivo induced cytokines and (B) regulators of the 
TLR cascade in patients with sepsis caused by B. pseudomallei

Unit Survivors Non-survivors P-value

(A) Ex vivo induced cytokine production

LPS-induced TNF pg/ml 1975 ± 381 473 ± 158 < 0.01

B. thailandensis induced TNF pg/ml 7352 ± 728 3462 ± 1008 < 0.05

B. pseudomallei induced TNF pg/ml 8696 ± 434 3976 ± 925 < 0.001

LPS-induced  IL-10 pg/ml 21 ± 10 50 ± 18 Ns

B. thailandensis induced IL-10 pg/ml 48 ± 13 73 ± 24 Ns

B. pseudomallei induced IL-10 pg/ml 45 ± 12 74 ± 20 Ns

LPS-induced IL-1 pg/ml 970 ± 484 14 ± 13 < 0.05

B. thailandensis induced IL-1 pg/ml 4632 ± 950 831 ± 467 < 0.01

B. pseudomallei induced IL-1 pg/ml 5043 ± 969 904 ± 644 < 0.001

LPS-induced IL-6 pg/ml 4743 ± 1095 1025 ± 491 < 0.05

B. thailandensis induced IL-6 pg/ml 7425 ± 1326 1214 ± 592 < 0.001

B. pseudomallei induced IL-6 pg/ml 7386 ± 1366 2311 ± 1320 < 0.01

LPS-induced IL-8 pg/ml 1256 ± 530 102 ± 102 Ns

B. thailandensis induced IL-8 pg/ml 4537 ± 631 2995 ± 548 Ns

B. pseudomallei induced IL-8 pg/ml 3641 ± 581 2862 ± 548 Ns

(B) Regulators of the TLR cascade

SOCS-3 SOCS3/B2M 0.23 ± 0.08 0.20 ± 0.06 Ns

A20 A20/B2M 2.33 ± 0.63 2.87 ± 1.33 Ns

MyD88s MyD88s/B2M 0.77 ± 0.14 0.82 ± 0.12 Ns

SHIP-1 SHIP1/B2M 0.39 ± 0.10 0.54 ± 0.10 Ns

SIGIRR SIGIRR/B2M 0.80 ± 0.17 0.72 ± 0.13 Ns

IRAK-M IRAKM/B2M 0.51 ± 0.09 0.80 ± 0.12 < 0.05

IRAK-1 IRAK1 /B2M 0.64 ±0.22 0.62 ± 0.25 Ns

Correlation between mortality and levels of (A) ex vivo induced cytokines and (B) regulators of the TLR cascade 
in survivors (n=20) and non-survivors (n=14) of sepsis caused by B. pseudomallei. Ex vivo induced cytokine 
production was analyzed by stimulating whole blood obtained from septic patients with lipopolysaccharide 
(LPS), heat-killed B. thailandensis or heat-killed B. pseudomallei after which cytokine production was measured. 
IRAK-M, IRAK-1, SOCS-3, MyD88s, SHIP-1, SIGIRR and A20 values represent mRNA levels of purified peripheral 
mononuclear cells (see Methods section for details). Values given as mean ± SEM. P values are according to 
the Mann-Whitney test. Ns denotes not significant.
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Correlation with clinical outcome

 Having characterized the expression of a spectrum of important negative regulators of the TLRs 

in septic melioidosis patients with immunosuppression, we next sought to examine differences 

in these profiles in terms of clinical outcome. Therefore we compared the levels of both the ex 

vivo induced cytokines and the regulators of the TLR cascade between survivors (n=20) and 

non-survivors. (n=14) (Table 3) We found that immunosuppression was strongly associated 

with poor outcome. Ex vivo LPS, B. thailandensis or B. pseudomallei-induced TNF- secretion 

were all significantly lower in non-survivors than in survivors (P<0.05-0.001, table 3). Equally 

strong associations where seen for IL-1  and IL-6: whole blood from survivors stimulated with 

either LPS, B. thailandensis or B. pseudomallei produced significantly more of these cytokines 

than whole blood derived from non-survivors (P<0.05-0.001, table 3). Of note, no association 

with outcome was observed for the ex vivo stimulus-induced capacity of whole blood to secrete 

the anti-inflammatory cytokine IL-10. Of all the measured modulators of the TLR-cascade, only 

IRAK-M mRNA levels at admission were associated with outcome:  patients who went on to die 

had significantly higher IRAK-M mRNA concentrations than those who survived (P<0.05, table 

3). Further evidence for an association between IRAK-M mRNA levels and disease severity was 

obtained in patients who survived and from whom a second blood sample could be obtained 

after successful therapy. Although we were able to collect a follow-up sample in only 7 patients, 

a trend towards lower mononuclear cell IRAK-M mRNA levels was seen in these patients (Fig. 

5, P=0.05) Levels of SOCS-3, A20, MyD88s, SHIP-1, SIGIRR and IRAK-1 did not differ between 

survivors and non-survivors (table 3).

 DISCUSSION  

Although it has been known for over one and a half decades that sepsis is associated with 

immunosuppression 34, 35, the mechanism underlying this phenomenon has been a puzzle for 

as many years. Recent data derived from both in vitro and mouse studies have identified the 

negative regulators of the TLR cascade as potential players in the initiation and regulation of 
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Figure 5. Normalization of IRAK-M levels in patients 
that survived. Patients (n=7) that survived after two weeks 
of intensive treatment showed near normalization IRAK-M 
mRNA levels. Lines connect paired data from individual 
patients. P = 0.05 versus levels on admission.
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immunosuppression 1, 8. In the present study we aimed to investigate both the responsiveness of 

peripheral blood leukocytes to relevant bacterial stimuli together with the expression patterns of 

negative TLR regulators in mononuclear cells derived from patients with septic melioidosis. In 

accordance with an immunosuppressed state, whole blood of patients demonstrated a strongly 

decreased capacity to release proinflammatory cytokines after ex vivo stimulation with LPS or 

Burkholderia species. These alterations coincided with decreased IRAK-1 and elevated IRAK-M 

mRNA expression in purified mononuclear cells from septic patients. The clinical importance of 

these findings is underscored by the fact that immunosuppression and IRAK-M mRNA levels cor-

related with mortality. These results may shed light on one of the possible underlying mechanisms 

responsible for the high mortality observed in severe melioidosis (in our cohort 44%). 

Immunosuppression in sepsis is characterized by a reduced capacity of circulating monocytes 

to release proinflammatory cytokines 2, 34-38. Of note, we used the term “immunosuppression” 

throughout the manuscript to indicate the fact that blood leukocytes were less responsive to ex 

vivo stimulation with Burkholderia and LPS. It should be noted, however, that the nomenclature 

on this topic is rather confusing, and the term “endotoxin tolerance” could have been used here 

as well. We now corroborate the findings on immunusuppression in sepsis for melioidosis and 

confirm that the phenomenon of immunosuppression is characterized not only by a diminished 

capacity of whole blood to produce TNF- , but also by decreased IL-1  and IL-8 production. 

More over, one could argue that whole blood leukocytes were completely endotoxin tolerant 

because there was really no further increase in cytokine levels over those measured in plasma 

alone when whole blood was stimulated ex vivo with LPS or Burkholderia. The capacity of immune 

cells to produce IL-10 in sepsis has been the subject of conflicting reports. Our data are in line 

with  most studies by demonstrating an enhanced or unchanged IL-10 production of circulating 

leukocytes in response to LPS 2, 8, 39, 40. Absolute IL-10 levels in patients however were not much 

increased compared to plasma levels. Hence, our data suggest that whole blood leukocytes from 

patients with melioidosis can still sense Burkholderia, but that the intracellular signalling has 

been modified to limit the production of pro-inflammatory cytokines and to maintain or favor 

that of the anti-inflammatory 2.

Interestingly, stimulation with non-pathogenic B. thailandensis produced the exact same degree 

of immunosuppression as seen with the virulent B. pseudomallei isolate. This might indicate 

that the observed immunosuppressive effect is a result from TLR stimulation and may be less 

related to pathologic sepsis. One should keep in mind however that, since we have not performed 

direct cytokine stimulation or stimulation with other specific TLR ligands next to LPS, we can 

not state whether the observed phenomenon is TLR specific or more a general functional 

deficit. In addition, in our ex vivo stimulation assays of whole blood with LPS or Burkholderia,

different immune cells, such as T-cells, B-cells, natural killer (NK) cells as well as monocytes, 

will all contribute to the release of cytokines. Since we subsequently studied the expression of 

the negative regulators of the TLRs only in the mononuclear cells one cannot directly correlate 

these levels with whole blood cytokine levels. We however primarily wondered how these key 

inhibitory molecules of the TLR-signaling cascade were expressed in the mononuclear cells of 

patients with septic melioidosis. 
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The TLR ligands LPS and CpG are potent inducers of SOCS1 and SOCS3; not surprisingly therefore 

the role of the SOCS proteins in the proinflammatory TLR responses have been extensively 

investigated 41, 42. Of interest however, the role of SOCS-3 in the anti-inflammatory action of 

IL-10 has been refuted and SOCS-3 does not seem to be involved in the downregulation of LPS 

signaling 43. This seems to be in line with our data since we did not observe a significant change 

in SOCS-3 mRNA expression levels in patients relative to controls, suggesting that SOCS-3 is not 

directly involved in immune dysregulation. One should keep in mind however, that T-cell SOCS-3, 

a known regulator of T-cell cytokine levels 41, has not been analyzed in our study and might as 

well have been contributing to the observed immunosuppression. We also found unchanged 

MyD88s mRNA mononuclear cell expression septic melioidosis patients when compared with 

controls. This is in contrast to an earlier study reporting increased MyD88s levels in 16 sepsis 

patients suffering from different underlying infections 8. Several factors may have played a role in 

the discrepant MyD88s mRNA results in the latter investigation 8 and our present study, including 

differences in patient populations  (our population was twice as large and involved severe infection 

by a single pathogen), severity of disease (44% mortality in our study, mortality not listed in the 

previous study), differences in used primer sequences and employed housekeeping genes and 

the method used to purify mononuclear cells. 

SHIP is increased in macrophages upon LPS stimulation and involved in the induction of endo-

toxin tolerance in mice 30. In accordance with studies in LPS-injected volunteers who displayed a 

downregulation of SHIP-1 mRNA levels in peripheral blood leukocytes 44, 45, we observed decreased 

SHIP-1 mRNA levels in septic patients compared to controls. A limitation of our study however 

is that we did not analyze the number of T and B cells in patients and controls; this could have 

influenced our data since SHIP-1, but also SOCS-3 are known to be highly expressed in immu-

nosuppressed T cells.  SIGIRR is thought to inhibit LPS signaling by attenuating the recruitment 

of MyD88 and IRAK-1 to TLR4 through TIR-TIR domain interactions between SIGIRR and TLR4. 

In mice it has been shown that SIGIRR functions as an inhibitor of IL-1 and TLR signaling 31. In 

a cohort of 16 septic patients SIGIRR mRNA levels were reported to be upregulated in isolated 

monocytes 8. We can not confirm this finding in our cohort of patients with sepsis caused by 

B. pseudomallei. Factors discussed above for differential results for MyD88s mRNA levels in 

this earlier study 8 and our investigation may have again contributed to the discrepant data on 

SIGIRR mRNA. In addition, it should be noted that several reports have suggested that SIGIRR 

is downregulated after induction of inflammation. For instance, in mice SIGIRR expression 

was shown to be reduced at 6 and 12 hrs after injection of LPS in many tissues, including lung 

and kidneys, after which the expression returned to baseline by 24 hrs, at which time the mice 

recovered from the LPS challenge 31. Furthermore, children with asymptomatic bacteriuria 

displayed lower SIGIRR expression on their neutrophils than children without bacteriuria 46.

Taken together these data suggest that neither MyD88s nor SIGIRR play a significant role in the 

immunosuppression accompanying melioidosis.

IRAK-M is an inhibitor of IRAK-1/IRAK-4 signaling that is specifically expressed by monocytes/

macrophages. Recently, in line with our current data our laboratory recently reported that 

immunosuppression in healthy humans following intravenous injection of LPS was associated 
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with increased whole blood IRAK-M mRNA and decreased IRAK-1 mRNA levels 45. In addition, 

in cultured monocytes derived from septic patients IRAK-M was expressed more rapidly upon 

exposure to LPS when compared to controls 47. In contrast to our data however, significant 

upregulation of IRAK-M could not be detected in directly harvested uncultured monocytes, pos-

sibly related to the small sample size, the use of a different primer set, and/or different causative 

organisms 47. Interestingly, immunosuppression is significantly reduced in IRAK-M deficient 

mice 32, 48.  Deng et al. recently showed that IRAK-M mediates the sepsis-induced suppression of 

innate immunity in the pulmonary compartment 48. Together these data suggest that IRAK-M 

is a pivotal mediator of immunosuppression accompanying sepsis. 

The association between immunosuppression and mortality in patients with melioidosis 

described here is in keeping with published findings in sepsis patients 34, 49. Septic patients who 

eventually died were found to have a sustained decreased production of cytokines by monocytes 

upon LPS stimulation 34. Of interest, ex vivo LPS-induced TNF production was shown to be  a 

better indicator of clinical outcome in patients with sepsis than monocyte HLA-DR expression 

and constitutive IL-6 secretion 49. Furthermore, immunosuppression has been implicated in late 

mortality of surgical ICU patients 50. We now confirm and extend these findings by showing that 

this holds true for the capacity of whole blood not only to secrete TNF-  upon stimulation with 

LPS or Burkholderia species but also to secrete IL-1  and IL-6. To our knowledge we now show 

for the first time that on admission, patients who went on to die had higher levels of a negative 

regulator of the TLR cascade, namely IRAK-M, than patients who survived. IRAK-1 levels however 

did not differ between survivors and non-survivors, suggesting the existence of other additional 

effector mechanisms not reflected in the measured mononuclear cells mRNA. For instance, 

LPS activated mononuclear cells are able to suppress T- and B-cell and NK-cell responses by 

both TGF  and PGE2 related mechanisms 2, 51, 52. Further research is needed to extract these 

underlying mechanisms.

CONCLUSIONS

In conclusion, we found profound immunosuppression in sepsis caused by B. pseudomallei

associated with an up-regulation of mononuclear cell IRAK-M mRNA levels. Immunosuppres-

sion and high levels of IRAK-M are indicators of poor outcome. In light of the unacceptably high 

mortality among patients with septic melioidosis it is worthwhile to consider strategies based 

on inhibiting IRAK-M.
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