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Melioidosis is a serious infectious disease caused by the environmental Gram-negative bacillus Burkholderia pseudomallei. It has
been shown that the host immune system, mainly comprising various types of immune cells, fights against the disease. The present
study was to specify correlation between septicemic melioidosis and the levels of multiple immune cells. First, the genes with
differential expression patterns between patients with septicemic melioidosis (B. pseudomallei) and health donors
(control/healthy) were identified. These genes being related to cytokine binding, cell adhesion molecule binding, and MHC
relevant proteins may influence immune response. The Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis revealed
23 enriched immune response pathways. We further leveraged the microarray data to investigate the relationship between
immune response and septicemic melioidosis, using the CIBERSORT analysis. Comparison of the percentages of 22 immune
cell types in B. pseudomallei vs. control/healthy revealed that those of CD4 memory resting cells, CD8+ T cells, B memory
cells, and CD4 memory activated cells were low, whereas those of M0 macrophages, neutrophils, and gamma delta T cells were
high. The multivariate logistic regression analysis further revealed that CD8+ T cells, M0 macrophages, neutrophils, and naive
CD4+ cells were strongly associated with the onset of septicemic melioidosis, and M2 macrophages and neutrophils were
associated with the survival in septicemic melioidosis. Taken together, these data point to a complex role of immune cells on
the development and progression of melioidosis.

1. Introduction

Melioidosis, a serious tropical infectious disease, frequently
outbreaks in Southeast Asia and northern Australia. It is
caused by the Gram-negative bacillus Burkholderia pseudo-
mallei (B. pseudomallei), which inhabits in soil and surface
water [1]. In some endemic areas, melioidosis is a major
cause of pneumonia in adults [2] and lethal septicemia,
and case fatality rates range from 10 to 50% [3]. Naturally
acquired disease in human species is the result of B. pseudo-

mallei-induced infection due to the pathogenic bacteria
entry through broken skin, inhalation, or ingestion [4]. Cer-
tain environmental conditions (tropical storms, rainy sea-
son, etc.) and certain occupations (rice farming [5]) are
known to the risk factors of the infection [3]. In addition,
several internal risk factors cannot be overnighted. For
instance, diabetes mellitus, type 2 diabetes in particular, is
a common risk factor predisposing individuals to melioido-
sis with more than 50% patients with melioidosis having
type 2 diabetes [6]. Also, immunosuppression appears to
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be another important risk factor, as 60–90% of patients with
melioidosis had the history of immunosuppressive treat-
ments [3]. Like other infection diseases, there are of acute
(caused by infections from recent bacterial exposure) and
chronic types. Nearly 85% of melioidosis cases are of acute
type, and patients with acute melioidosis develop sepsis rap-
idly, namely, septicemic melioidosis. This condition is a life-
threatening one with a death rate of 40% [1].

The immune system is a host defense system consisting of
a variety of immune cells, organs, proteins, and tissues that
protects against disease. As the immune system meets a path-
ogen, it primarily invokes the two immune responses with the
involvements of T cell and B cell in the adaptive immune
response as well as neutrophils and macrophages in the innate
immune response. In melioidosis, the immune responses play
a big part as well. Epidemiologically, immunosuppression is
believed to predispose individuals to B. pseudomallei infection
[7, 8]. The weight of evidence is that in the most cases, B. pseu-
domallei infection merely leads to subclinical condition as
most of immunocompetent individuals can remove the infec-
tion without any medical intervention [9]. In the C57BL/6
mice cell model, the microbicidal activity against B. pseudo-
mallei was significantly lower in PECM (peritoneal exudate
cells macrophage identified by nonspecific esterase) and
NAPEC (nonadherent peritoneal exudate cells that were
assumed to be full of lymphocytes) cultures when compared
to peritoneal exudate cell (PEC) cultures, suggesting that
macrophage-lymphocyte interactions promoted the killing
of B. pseudomallei [10]. In agreement with this finding,
patients with acute melioidosis come through with elevated
levels of and CD8+ and CD4+ T cells, whereas those dead
were with decreased levels of these cells [11]. Nevertheless,
the immune response is also likely to be destructive as exem-
plified excessive recruitment of neutrophils causing tissue
damage [12]. It is highly likely that multiple immune cells
are engaged in melioidosis. However, due to technical limita-
tions, the previous studies are unable to fully investigate the
multiple immune cells, with only a small bunch of selected
immune cells or mixed ones without proper identifications
being explored. Therefore, it is required to investigate multi-
ple immune cells in melioidosis with new technique.

The whole blood can recapitulate the real immune status
of individuals. Previous studies have shown that the whole
blood samples collected from melioidosis patients being sub-
jected to microarray-based profiling had been proved to be
an instrumental approach to investigate the onset and devel-
opment of melioidosis [13]. More importantly, Conejero
et al. reanalyzed the above whole blood transcriptional
microarray data and provided useful insight into melioidosis
[14]. Thus, in the current study, we reanalyzed the whole
blood transcriptional microarray data in an effort to deter-
mine whether immune cells, the key players in the core
immune network, play a big part in septicemic melioidosis.
Accordingly, to better understand multiple immune cells
contributing to the immune response to the disease, an
established computational approach (CIBERSORT), which
is capable of evaluating 22 immune cell types, was employed.
This study was to more thoroughly investigate the specific
roles of the immune cells in septicemic melioidosis.

2. Material and Methods

2.1. Patients’ Characteristics and Dataset Collection. The
human whole blood microarray and the clinical data were
obtained from NCBI GEO datasets, and the accession num-
ber was GSE13015. In the current study were 8 healthy
donors (control/healthy), 12 patients with type 2 diabetes
(type 2 diabetes), 9 patients recovering from melioidosis
(control/recovery), and 40 patients with septicemic melioi-
dosis (B. pseudomallei). In addition, 37 patients with sepsis
caused by other organisms (1 Acinetobactor baumannii, 1
Aeromonas hydrophila, 4 C. albicans, 3 Corynebacterium
spp., 8 E. coli, 1 Enterococcus faecium, 2 Enterococcus spp.,
1 K. pneumoniae, 1 S. pneumoniae, 1 Salmonella serotype
B, 2 Salmonella spp., 4 Staphylococcus aureus, 6 Staphylococ-
cus coagulase negative, and 2 Streptococcus non A, B.) were
included. With the limma package in R, differentially
expressed genes were identified with absolute cutoff log2 fold
change value greater than or equal to 0.9. The clinical data
were shown in a previous research [13].

2.2. Enrichment Analysis of the Gene Ontology (GO)
Function and Kyoto Encyclopedia of Genes and Genomes
(KEGG) Pathway. The package of http://org.Hs.eg.db in R
was used to convert the gene name to Entirez IDs. Cluster-
Profiler package was then used to enrich the network with
GO enrichment and KEGG enrichment pathways [15]. The
results with p values less than 0.05 were considered statisti-
cally significant.

2.3. CIBERSORT Analysis. CIBERSORT, as an instrumental
tool, can precisely measure the relative levels of distinct
immune cell types. It can characterize each immune cell
type with a bulk gene expression signature consisting of
around 500 genes. Here, the original CIBERSORT gene sig-
nature file LM22, defining 22 immune cell types, was
applied for analyzing the dataset from the septicemic
melioidosis. CIBERSORT metrics with Pearson correlation
coefficient, CIBERSORT p value, and root mean squared
error (RMSE) were measured for each sample [16].

2.4. Statistical Analysis. Difference between immune cell
types was determined by Mann-Whitney U-test. Correla-
tions among immune cell types and clinical features were
determined by Spearman’s rank correlation. A value of p <
0:05 was considered significant. The relevant parameters
with spearman absolute r value > 0.5 were selected. The
multivariate logistic regression analyses [17] were performed
to identify potential risk factors for septicemic melioidosis.
In order to clear the impact of multicollinearity of the covar-
iates in the multivariate regression model [18], the Akaike
information criterion (AIC) was therefore used for the fur-
ther selection of parameters. Only those noncorrelated
parameters (with AIC < 10) were included in the multivari-
ate logistic regression analysis. The receiver-operating char-
acteristic (ROC) curve was plotted [19] with the true-
positive fraction (sensitivity) versus the false-positive (1-
specificity). A value of the area under the curve (AUC) equal
to 0.9–1.0 is regarded as a perfect prediction, while a value of
0.5 is equivalent to a random. An AUC value between 0.7

2 Disease Markers

http://org.Hs.eg.db


and 0.9 indicated a good prediction, whereas an AUC value
between 0.5 and 0.7 indicates a bad prediction.

3. Results

3.1. Transcriptomic Analysis of Human Whole Blood. As dia-
betes mellitus, type II diabetes in particular, is believed to be
a general risk factor predisposing individuals to melioidosis,
and this allows us to hypothesized that differentially
expressed genes might be present among healthy donors
(control/healthy), patients with type 2 diabetes (type 2 dia-
betes), and patients who had recovered from melioidosis
(control/recovery). It is extremely important as the differen-
tially expressed genes can constitute a promising gene signa-
ture with which to alert individuals who are susceptible to B.
pseudomallei infection. Our findings, however, showed no
significant differential expression between control/healthy
and type 2 diabetes, as well as between control/healthy and
control/recovery (Figure 1). This corroborates previous find-
ings, in which control/healthy dataset cannot be separated
from type 2 diabetes counterpart according to unsupervised
clustering analysis [13], suggesting that background type II
diabetes predisposing individuals to melioidosis may not
map to significant transcriptional changes. Despite this, type
2 diabetes and control/recovery datasets were intended not
to be integrated into the control/healthy counterpart for
the subsequent analysis, as doing so could allow potential
confounders to obscure the “real” effect. It has been docu-
mented that patients with septicemic melioidosis has a

higher mortality rate as compared to the other pathogen-
caused diseases [1]. We first determined whether there were
distinct genes being differently expressed between the
patients with septicemic melioidosis (designated as B. pseu-
domallei) and patients with other infections. As shown in
Figure 1, a series of differential expression patterns were dis-
played. Of note, no significant differential expression
between B. pseudomallei and Staphylococcus coagulase nega-
tive was found. Five genes were upregulated, and no gene
downregulated in B. pseudomallei vs. Staphylococcus aureus.
It appears that no overlap between genes that are differen-
tially expressed between B. pseudomallei vs. other infections
could be found. More importantly, no significant overlap
between genes that are differentially expressed between B.
pseudomallei and other infections was found, even when
Staphylococcus aureus and Staphylococcus coagulase negative
were removed. Analogue to our findings, Sangwichian et al.
found that two other bacterial infections were falsely identi-
fied as B. pseudomallei by real-time PCR, suggesting that it is
difficult to differentiate melioidosis from other pathogenic
infections by transcriptional analysis [20].

3.2. Enrichment Analysis of the GO Function and KEGG
Pathway. A total of 3593 genes, of which 2149 were upregu-
lated and 1444 downregulated, that were differentially
expressed between B. pseudomallei and control/healthy were
identified. Functional enrichment of Gene Ontology (GO)
biological process annotations were identified among
differentially expressed genes. They were mainly related to
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Figure 1: Upset plot depicting the numbers of the genes considered differentially expressed. (a) The upregulation of differentially expressed
genes. There are multiple groups for comparison. (b) The downregulation of differentially expressed genes. The numbers of differentially
expressed genes are indicated above. Type 2 diabetes vs. control/recovery, control/recovery vs. control/healthy, B. pseudomallei vs.
Acinetobactor baumannii, B. pseudomallei vs. Aeromonas hydrophila, B. pseudomallei vs. C. albicans, B. pseudomallei vs. Corynebacterium
spp., B. pseudomallei vs. E. coli, B. pseudomallei vs. Enterococcus faecilum, B. pseudomallei vs. Enterococcus spp., B. pseudomallei vs. K.
pneumoniae, B. pseudomallei vs. S. pneumoniae, B. pseudomallei vs. Salmonella serotype B, B. pseudomallei vs. Salmonella spp., B.
pseudomallei vs. Staphylococcus aureus, B. pseudomallei vs. Staphylococcus coagulase negative. Note: when the number of the differentially
expressed genes was zero, it was remove from the plot. For instance, the results of B. pseudomallei vs. Staphylococcus coagulase negative,
control/recovery vs. control/healthy, and type 2 diabetes vs. control/healthy were null.
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cytokine binding, cell adhesion molecule binding, Toll-like
receptor binding, and MHC relevant proteins (Figure 2(a)).
This suggests that multiple genes relevant to immune
response were involved. We then reasoned that the biologi-
cal pathways related to immune response may take a big
part. Biological pathway analysis by Kyoto Encyclopedia of
Genes and Genomes (KEGG) was performed. The results
with an adjusted p value < 0.05 are shown in Figure 2(b).
Apparently, the most genes were enriched on the pathways
related to immunology, such as Human T-cell leukemia
virus 1 infection, chemokine signaling pathway, human
immunodeficiency virus 1 infection, JAK-STAT signaling
pathway, Th17 cell differentiation, T cell receptor signaling
pathway, natural killer cell-mediated cytotoxicity, PD-
L1expression and PD-1 checkpoint pathway in cancer, NF-
kappa B signaling pathway, Th1 and Th2 cell differentiation,
TNF signaling pathway, B cell receptor signaling pathway,
rheumatoid arthritis (type III hypersensitivity), Fc gamma
R-mediated phagocytosis, Toll-like receptor signaling path-
way, acute myeloid leukemia, inflammatory bowel disease,
chronic myeloid leukemia, antigen processing and presenta-

tion, graft-versus-host disease, allograft rejection, primary
immunodeficiency, and autoimmune thyroid disease. These
findings suggest that the immune response may stand to
influence B. pseudomallei infection.

3.3. Distribution of Immune Cells in the Septicemic
Melioidosis. Since immune cells are essential players in the
immune response, our focus was primarily on them [21],
the CIBERSORT was employed for exploring the proportion
of each immune cell type between B. pseudomallei and con-
trol/healthy. The distribution of cell fractions was illustrated
in Figure 3(a). In order to determine whether certain cell
types were associated with septicemic melioidosis, the
Mann-Whitney U-test was used to measure significant dif-
ference in the proportions of the immune cells between B.
pseudomallei and control/healthy. Among the 22 immune
cell types, those with p less than 0.05 were plotted. As
expected, the proportion of neutrophils was high in B. pseu-
domallei, when compared with control/healthy, coinciding
with the previous result that excessive neutrophils play a
damaging role in the patients with melioidosis [12]. In
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Figure 2: Analysis of gene enrichments. (a) Enriched Gene Ontology (GO) biological process identified by analyzing the differentially
expressed genes in B. pseudomallei vs. control/healthy. Those with p.adjust.value < 0.05 were included. (b) Enriched KEGG pathways
identified by analyzing the differentially expressed genes in B. pseudomallei vs. control/healthy.
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Figure 3: Continued.
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Figure 3: Correlation between the immune cells and the onset and development of septicemic melioidosis. (a) Stacked bar plot describing in
immune cell compositions of patients with septicemic melioidosis and healthy control, derived using the CIBERSORT analysis, was carried
out. Each bar represents percent fractions for the cell types, with colors representing the different cell types. (b) Boxplots depicting
proportions of relevant immune cell types between patients with melioidosis and healthy control. Mann-Whitney U-test was performed,
and p < 0:05 was allowed to be plotted. (c) Boxplots depicting proportions of relevant immune cell types between survivors and
nonsurvivors with melioidosis. Mann-Whitney U-test was performed, and p < 0:05 was allowed to be plotted.
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contrast to control/healthy, the proportion of CD8+ T cells
was markedly low in B. pseudomallei, which is analogue to
the findings published by Jenjaroen et al. that a lower CD8
+ T cell level was observed in the worsen outcomes caused
by B. pseudomallei infection [11]. The proportion of naive
CD4+ T cells, a quiescent T cell subpopulation, was high
in B. pseudomallei when compared with control/healthy,
whereas that of CD4 memory resting cells and CD4 memory
activated cells were low in B. pseudomallei. In addition, the
proportion of B memory cells in B. pseudomallei was low
too. These findings suggest that adaptive immune response
is likely to be suppressed in patients with septicemic melioi-
dosis. We also observed that the proportions of M0 macro-
phages, resting macrophage, and gamma delta T cells, an
unconventional T cell subpopulations that are the key com-
ponents of innate immune response, were high in B. pseudo-
mallei, whereas that of NK resting cells was low, suggesting
the interplay between B. pseudomallei infection and innate
immune response was complicated (Figure 3(b)).

Since the immune cells were implicated in septicemic
melioidosis, we then investigated whether the immune cell
types were associated survival in septicemic melioidosis.
As shown in Figure 3(c), only four immune cell types were
selected. As expected, the proportion of neutrophils was
high in nonsurvivors, when compared with survivors. The
higher proportion of M2, an immune suppressor cell sub-
population, was present in nonsurvivors, whereas the pro-
portions of plasma cells and CD8+ T cells were lower.
These findings suggest that the adaptive immune response
was overwhelmingly suppressed in severe septicemic
melioidosis.

3.4. Correlation between the Immune Cells and the Onset of
Septicemic Melioidosis. We next investigated the correlations
between the selected immune cells and several clinical fea-
tures, of which all serve as parameters for correlation analy-
sis. Those selected parameters (with absolute r value > 0.5
highlighted with color round marks) were included in the
multivariate logistic regression analysis. As shown in
Figure 4(a), the neutrophils, M0, and naive CD4+ T cells
were positively correlated with melioidosis, while the resting
CD4+ T cells and CD8+ T cells were negatively correlated
with melioidosis. The other immune cell types, along with
age and gender were not correlated with melioidosis
(Figure 4(a)). Therefore, the neutrophils, M0, naive CD4+ T
cells, resting CD4+ T cells, and CD8+ T cells were selected
for multivariate logistic regression.Multiple parameter models
were then generated based on the full combinations of these
selected parameters. The models with at least one parameter’s
p value < 0.05 were allowed to be proceeded with ROC curve
analysis, and the results were illustrated in Figure 4(b). The
ROC curve analysis gave AUCs from 0.91 to 0.99. It is safe
to say that each model was promising, as each of AUC values
is greater than 0.7. Top 5 AUC values were given 0.98 from
CD8+ T cells + M0 macrophages, 0.98 from CD8+ T cells
+ M0 macrophages, 0.98 from CD8+ T cells, 0.98 from
CD8+ T cells+ neutrophils, and 0.99 from naive CD4+ cells
+ neutrophils, respectively. Of note, the two-parameter
models of naive CD4+ cells + neutrophils increased the

AUC marginally from 0.91 (one parameter model of naive
CD4+ cells) and 0.99. All the more than two parameter
models but CD8+ T cells + M0 macrophages + neutrophils
had been excluded presumably because of multicollinearity.
These findings suggest that several models are able to predict
the onset of septicemic melioidosis.

3.5. Correlation between the Immune Cells and Survival of
Patients with Septicemic Melioidosis. As several immune cells
were associated with the development of melioidosis, we
then asked whether most of these immune cells were impli-
cated in the survival of patients with septicemic melioidosis.
The correlation analysis was carried out as described above.
Surprisingly, type II diabetes was not relevant to the patient
survival, with very low absolute r value (r value = -0.1)
(Figure 5(a)). Only M2 was eligible for the following the
logistic regression analysis. Because the absolute correlation
score of neutrophils was marginally less than 0.5, and neu-
trophils were reckoned as a relevant parameter. Thus, neu-
trophils was added to the logistic regression analysis,
regardless of its correlation result. ROC curve analysis gave
AUCs from 0.74–0.82. The two-parameter model of M2
macrophages + neutrophils largely improved the one param-
eter model of M2 macrophages (Figure 5(b)).

4. Discussion

This study was to establish correlation between septicemic
melioidosis and the levels of multiple immune cells. First,
the genes that were differentially expressed between patients
with septicemic melioidosis (B. pseudomallei) and health
donors (control/healthy) were identified. These genes were
linked to cytokine binding, cell adhesion molecule binding,
and relevant MHC functions. The Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway findings revealed 23
enriched immune response pathways. We further leveraged
the microarray data to investigate the relationship between
immune response and melioidosis. CIBERSORT analysis was
performed. Comparison of the levels of 22 immune cell types
in B. pseudomallei vs. control/healthy revealed that the levels
of CD8+ T cells, CD4 memory resting cells, CD4 memory
activated cells, and B memory cells were low, whereas those
of M0 macrophages, gamma delta T cells, and neutrophils
were high. The multivariate logistic regression analysis fur-
ther revealed that CD8+ T cells, M0 macrophages, neutro-
phils, and naive CD4+ cells were strongly associated with
septicemic melioidosis, and M2 macrophages and neutro-
phils were associated with severe septicemic melioidosis.
Together, these data point to a complex interplay of mecha-
nisms underlying the effects of specific immune cells on the
onset and development of septicemic melioidosis.

In melioidosis, B. pseudomallei can multiply within mac-
rophages without activating a bactericidal response [22]. On
the other hand, activated macrophages by inflammatory
cytokines display improved killing of B. pseudomallei [23].
Although increasing evidence favors the important roles
played by macrophages in melioidosis, the roles of specific
macrophage subsets in the disease remain unclear. In gen-
eral, macrophages are classified into nonactivated (M0),
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Figure 4: Further confirmation of the correlation between selected immune cell types and the onset of septicemic melioidosis. (a) Heatmap
depicting correlation among selected immune cell types and several clinical features in the patients with melioidosis, with absolute r value >
0.5 highlighted with color round marks. (b) Receiver-operating characteristic curves depicting the combinations of selected immune cell
types between patients with melioidosis and healthy control. The curves with at least one immune cell type’s p value less than 0.05 were
allowed to be plotted. AUC (area under the curve), specificity, and sensitivity were shown in the following brackets. M0 macrophages
(0.91, 1.00, 0.65); naive CD4+ cells (0.91, 0.88, 0.88); naive CD4+ cells + M0 macrophages (0.96, 1.00, 0.9); neutrophils (0.94, 0.88, 0.95);
resting CD4 memory T cells (0.94, 1.00, 0.78); resting CD4 memory T cells + M0 macrophages (0.97, 0.88, 0.98); naive CD4+ cells +
resting CD4 memory T cells (0.98, 1.00, 0.88); CD8+ T cells + M0 macrophages + neutrophils (0.98, 1.00, 0.98); resting CD4 memory T
cells + neutrophils (0.97, 0.88, 1.00); CD8+ T cells + M0 macrophages (0.98, 1.00, 0.98); CD8+ T cells (0.98, 1.00, 0.98); CD8+ T cells +
neutrophils (0.98, 1.00, 0.97); naive CD4+ cells + neutrophils (0.99, 1.00, 0.93).
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proinflammatory (M1), and anti-inflammatory (M2) sub-
sets, each of which plays a distinctive role in the inflamma-
tion. We demonstrated that the level of M0 macrophages
was high in patients with melioidosis, and the greater level
of M2 macrophages was biased towards severe septicemic
melioidosis. Our results suggest that conversion from M0
to M2 macrophages may simply reflect the onset and devel-
opment of septicemic melioidosis (Figures 4 and 5). To the
best of our knowledge, this result represents a novel and
striking example in which shifts between macrophage sub-

sets are correlated with the development and progression
of melioidosis. In agreement with our finding, the previous
studies of macrophage subsets on the other intracellular bac-
terial pathogens (IBPs) demonstrated that M2 macrophages
were a comfortable replication niche for Salmonella and
Brucella strains [24, 25]. M2 macrophages also favored rep-
lication of Chlamydia pneumoniae [26]. The results of the
present study, as well as those of other researchers, support
the view that M2 macrophages are favorable to IBP infec-
tions. Intriguingly, increasing level of M2 macrophages was
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Figure 5: Further confirmation of the correlation between selected immune cell types and the development of septicemic melioidosis. (a)
Heatmap depicting correlation among selected immune cell types and several clinical features in the patients with melioidosis, with
absolute r value > 0.5 highlighted with color round marks. (b) Receiver-operating characteristic curves depicting the combinations of
selected immune cell types between survivors and nonsurvivors with melioidosis. The curves with at least one immune cell type’s p value
less than 0.05 were allowed to be plotted. AUC (area under the curve), specificity, and sensitivity were shown in the following brackets.
Neutrophils (0.79, 0.81, 0.73); M2 macrophages (0.74, 0.95, 0.55); M2 macrophages + neutrophils (0.82, 0.95, 0.64).
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associated with worse survival in lung cancer [27]. There-
fore, further exploration of M2 macrophages may help
improve the treatment for melioidosis.

We observed that patients with septicemic melioidosis
exhibited the extremely low level of CD8+ T cells, when
compared with healthy donors. And CD8+ T cells alone
were able to predict the onset of septicemic melioidosis
(Figure 4(b)). Moreover, an extreme level of CD8+ T cells
was present in nonsurvivors with septicemic melioidosis.
Our findings suggest that a low level of CD8+ are associated
not only with the onset of septicemic melioidosis but also
with death caused by septicemic melioidosis. Analogue to
these, a decreased level of CD8+ T cells was found to be cor-
related with greater mortality [11]. This finding experimen-
tally confirms the role played by CD8+ T cells in the disease
as well. Jenjaroen et al. also found that the level of CD4+ T
cells was elevated in survivors of melioidosis vs. nonsurvi-
vors. This observation was not found in this study. Perhaps,
the conflicting observations can be explained by difference in
methodological approaches or the subsets of the patients. It
should be noted that several T cell subsets were implicated
in the onset of melioidosis, as measured by CIBERSORT,
an algorithm that allows us to profile 22 immune cell types.
In B. pseudomallei vs. control/healthy, the levels of CD4
memory resting cells, CD4 memory activated cells, CD8+
T cells, and B memory cells were elevated, whereas the level
of naive CD4+ T cells was decreased (Figure 3(b)). More
importantly, the levels of plasma cells and CD8+ T cells were
lower in nonsurvivors with septicemic melioidosis than
those in survivors (Figure 3(c)). These findings suggest that
the adaptive immune response is likely to be suppressed in
patients with septicemic melioidosis, and deteriorating adap-
tive immune response might lead to poor survival.

Immune checkpoint molecules are inhibitory receptors
expressed on immune cells that result in immunosuppres-
sive signaling pathways. These molecules are key for modu-
lating the duration and magnitude of immune responses [28,
29]. Signaling through these molecules can deplete immune
cells, especially T cells. T cell exhaustion is reflected by
expression of immune checkpoint molecules, such as the
expressions of programmed cell death protein 1(PD1) and
cytotoxic T lymphocyte antigen 4 (CTLA4). Blockade of
PD1 and CTLA4 favored T cell-mediated immune response.
It has been well documented that several pathogens (such as
genus Plasmodium vivax) and cancers lead to inhibitions on
the immune cells via immune checkpoint proteins [30–32].
The data of Figure 2(b) showed that PDL1/PD-1 checkpoint
pathway is involved in septicemic melioidosis, suggesting
that, at minimum, significant change in gene expression
levels of either PDL1 or PD-1 could be found. However,
no change in the two genes’ levels was significant. Of note,
in addition to PDL1 and PD-1, there are other major
immune checkpoint elements, such as LAG3, TIM3, TIGIT,
CD96, BTLA, TNF5F14, GITR, and VISTA [33]. Among
these major immune checkpoint elements, we found that
LAG3, CD96, and BTLA were strongly overexpressed in
patients with septicemic melioidosis (data not shown), sug-
gesting that the depletion of the T cell subsets in septicemic
melioidosis might be the result of overexpression of LAG3,

CD96, and BTLA. Blockade of these elements might be
promising and novel strategy for the treatment of septicemic
melioidosis. Moreover, LAG3 was commonly coexpressed
with PD1 [34]. Dual blockade of BTLA and PD1 improves
antitumor immunity [35]. Blockade of CD96 and PD1-
PDL1 was able to improve tumor control [36]. These lines
of evidence suggest PD1 and PDL1 should still be taken into
account in the future studies. The exclusion of the two genes
in this study might be due to the cut-off fold change setting.

Apart from immune response, multiple differentially
expressed genes had functions relating to glucose metabo-
lism such as NAD binding, NADP binding, glucose binding,
glutathione binding, and GDP binding (Figure 2(a)). In
addition, the glutathione metabolism was identified in the
KEGG analysis (Figure 2(b)). Although the role of glucose
metabolism in melioidosis remains unclear, it has been
found in other intracellular pathogenic bacteria. When
growth factors are available, the growth factor-stimulated,
proliferating immune cells take up glucose by several glu-
cose transporters (GLUTs) to produce larger quantities of
intermediary metabolites and NADPH. These molecules
are brought into glutathione production and launch the aer-
obic glycosis, which is a metabolic hallmark for many fast
proliferating cancers. Moreover, HIF-1 enhances transcrip-
tion of GLUTs and most enzymes of the glycolytic pathway.
P53 activated glutaminase 2 (GLS2) and this enzyme cata-
lyzes glutamine. These above-mentioned might explain
why many cancer-related pathways are implicated in septi-
cemic melioidosis [37].

5. Conclusion

In conclusion, the findings of present study indicate the rela-
tionship between the specific immune cell types and onset
and development of septicemic melioidosis. These findings
broaden our view on the complex interplay between
immune cells and B. pseudomallei infection and offer novel
insights into the roles of immune cell types in septicemic
melioidosis.

Data Availability

The datasets in this study can be obtained in NCBI datasets.
The accession number(s) can be found in this paper.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

KL and QX designed the study, and JL, LY, XL, and ST con-
ducted the literature search. HP, YQ, and JL collected the
data. KX and DX carried out the data analysis. KX wrote
the paper with DX, QX, and KL editing and reviewing. All
authors contributed ideas and comments, revised the paper,
and approved the final version. Ke Xu and Dahua Xu con-
tributed equally to this work.

11Disease Markers



Acknowledgments

This study was funded by the Major Science and Technology
Program of Hainan Province (ZDKJ202003), the Hainan
Natural Science Foundation (No. 820MS051), and the
National Natural Science Foundation of China (grant nos.
81660502 and 81860002).

References

[1] N. White, “Melioidosis,” The Lancet, vol. 361, no. 9370,
pp. 1715–1722, 2003.

[2] D. Limmathurotsakul, N. Golding, D. A. B. Dance et al., “Pre-
dicted global distribution of _Burkholderia pseudomallei_ and
burden of melioidosis,” Nature Microbiology, vol. 1, no. 1,
p. 15008, 2016.

[3] A. C. Cheng and B. J. Currie, “Melioidosis: epidemiology,
pathophysiology, and management,” Clinical Microbiology
Reviews, vol. 18, no. 2, pp. 383–416, 2005.

[4] D. Limmathurotsakul, M. Kanoksil, V. Wuthiekanun et al.,
“Activities of daily living associated with acquisition of melioi-
dosis in Northeast Thailand: a matched case-control study,”
PLoS Neglected Tropical Diseases, vol. 7, no. 2, article e2072,
2013.

[5] Y. Lin, Q. Wu, X. Liu et al., “Molecular tracking investigation
of melioidosis cases reveals regional endemicity in Hainan,
China,” Biomedical Reports, vol. 5, no. 6, pp. 766–770, 2016.

[6] S. Wongratanacheewin, N. P. J. Day, N. Teerawattanasook
et al., “Increasing incidence of humanmelioidosis in Northeast
Thailand,” The American Journal of Tropical Medicine and
Hygiene, vol. 82, no. 6, pp. 1113–1117, 2010.

[7] C. McLeod, P. S. Morris, P. A. Bauert et al., “Clinical presenta-
tion and medical management of melioidosis in children: a 24-
year prospective study in the Northern Territory of Australia
and review of the literature,” Clinical Infectious Diseases,
vol. 60, no. 1, pp. 21–26, 2015.

[8] P. Turner, S. Kloprogge, T. Miliya et al., “A retrospective anal-
ysis of melioidosis in Cambodian children, 2009–2013,” BMC
Infectious Diseases, vol. 16, no. 1, p. 688, 2016.

[9] Z. Chagla, N. Aleksova, J. Quirt, J. Emery, C. Kraeker, and
S. Haider, “Melioidosis in a Returned Traveller,” Canadian
Journal of Infectious Diseases and Medical Microbiology,
vol. 25, 226 pages, 2014.

[10] G. C. Ulett, N. Ketheesan, and R. G. Hirst, “Macrophage-lym-
phocyte interactions mediate anti-Burkholderia pseudomal-
leiactivity,” FEMS Immunology & Medical Microbiology,
vol. 21, no. 4, pp. 283–286, 1998.

[11] K. Jenjaroen, S. Chumseng, M. Sumonwiriya et al., “T-cell
responses are associated with survival in acute melioidosis
patients,” PLoS Neglected Tropical Diseases, vol. 9, no. 10, arti-
cle e0004152, 2015.

[12] I. Ceballos-Olvera, M. Sahoo, M. A. Miller, L. . Barrio, and
F. Re, “Inflammasome-dependent pyroptosis and IL-18 pro-
tect against Burkholderia pseudomallei lung infection while
IL-1β is deleterious,” PLoS Pathogens, vol. 7, no. 12, article
e1002452, 2011.

[13] R. Pankla, S. Buddhisa, M. Berry et al., “Genomic transcrip-
tional profiling identifies a candidate blood biomarker signa-
ture for the diagnosis of septicemic melioidosis,” Genome
Biology, vol. 10, no. 11, p. R127, 2009.

[14] L. Conejero, K. Potempa, C. M. Graham et al., “The blood
transcriptome of experimental melioidosis reflects disease
severity and shows considerable similarity with the human dis-
ease,” The Journal of Immunology, vol. 195, no. 7, pp. 3248–
3261, 2015.

[15] G. Yu, L.-G.Wang, Y. Han, and Q. Y. He, “clusterProfiler: an R
package for comparing biological themes among gene clus-
ters,” Omics: a journal of integrative biology, vol. 16, no. 5,
pp. 284–287, 2012.

[16] N. Rohr-Udilova, F. Klinglmüller, R. Schulte-Hermann et al.,
“Deviations of the immune cell landscape between healthy
liver and hepatocellular carcinoma,” Scientific Reports, vol. 8,
no. 1, pp. 1–11, 2018.

[17] X. Liang, J. A. Bradley, D. Zheng et al., “Prognostic factors of
radiation dermatitis following passive-scattering proton ther-
apy for breast cancer,” Radiation Oncology, vol. 13, no. 1,
p. 72, 2018.

[18] B. R. Kirkwood and J. A. Sterne, Essential medical statistics
[M], John Wiley & Sons, 2010.

[19] J. A. Hanley and B. J. Mcneil, “The meaning and use of the area
under a receiver operating characteristic (ROC) curve,” Radi-
ology, vol. 143, no. 1, pp. 29–36, 1982.

[20] O. Sangwichian, T. Whistler, A. Nithichanon et al., “Adapting
microarray gene expression signatures for early melioidosis
diagnosis,” Journal of Clinical Microbiology, vol. 58, no. 7,
2020.

[21] R. R. Rich, T. A. Fleisher, W. T. Shearer, H. W. Schroeder Jr.,
A. J. Frew, and C. M. Weyand, Clinical Immunology E-Book:
Principles and Practice [M], Elsevier Health Sciences, 2012.

[22] A. L. Jones, T. J. Beveridge, and D. E. Woods, “Intracellular
survival of Burkholderia pseudomallei,” Infection and Immu-
nity, vol. 64, no. 3, pp. 782–790, 1996.

[23] K. MIYAGI, K. KAWAKAMI, and A. SAITO, “Role of reactive
nitrogen and oxygen intermediates in gamma interferon-
stimulated murine macrophage bactericidal activity against
Burkholderia pseudomallei,” Infection and Immunity, vol. 65,
no. 10, pp. 4108–4113, 1997.

[24] N. A. Eisele, T. Ruby, A. Jacobson et al., “Salmonella Require
the Fatty Acid Regulator PPAR δ for the Establishment of a
Metabolic Environment Essential for Long-Term Persistence,”
Cell Host & Microbe, vol. 14, no. 2, pp. 171–182, 2013.

[25] M. N. Xavier, M. G. Winter, A. M. Spees et al., “PPARγ-Medi-
ated Increase in Glucose Availability Sustains Chronic _Bru-
cella abortus_ Infection in Alternatively Activated
Macrophages,” Cell Host & Microbe, vol. 14, no. 2, pp. 159–
170, 2013.

[26] T. Buchacher, A. Ohradanova-Repic, H. Stockinger, M. B.
Fischer, and V. Weber, “M2 polarization of human macro-
phages favors survival of the intracellular pathogen Chlamydia
pneumoniae,” PLoS One, vol. 10, no. 11, article e0143593,
2015.

[27] J. E. Beane, S. A. Mazzilli, J. D. Campbell et al., “Molecular sub-
typing reveals immune alterations associated with progression
of bronchial premalignant lesions,” Nature Communications,
vol. 10, no. 1, pp. 1–13, 2019.

[28] S. H. Baumeister, G. J. Freeman, G. Dranoff, and A. H. Sharpe,
“Coinhibitory pathways in immunotherapy for cancer,” Annual
review of immunology, vol. 34, no. 1, pp. 539–573, 2016.

[29] D. M. Pardoll, “The blockade of immune checkpoints in can-
cer immunotherapy,” Nature Reviews Cancer, vol. 12, no. 4,
pp. 252–264, 2012.

12 Disease Markers



[30] J. M. Horne-Debets, R. Faleiro, D. S. Karunarathne et al., “PD-
1 Dependent Exhaustion of CD8+ T Cells Drives Chronic
Malaria,” Cell Reports, vol. 5, no. 5, pp. 1204–1213, 2013.

[31] X. Tian, A. Zhang, C. Qiu et al., “The upregulation of LAG-3
on T cells defines a subpopulation with functional exhaustion
and correlates with disease progression in HIV-infected sub-
jects,” The Journal of Immunology, vol. 194, no. 8, pp. 3873–
3882, 2015.

[32] D. Sauce, J. R. Almeida, M. Larsen et al., “PD-1 expression on
human CD8 T cells depends on both state of differentiation
and activation status,” AIDS, vol. 21, no. 15, pp. 2005–2013,
2007.

[33] F. Anzengruber, D. Ignatova, T. Schlaepfer et al., “Divergent
LAG-3 versus BTLA, TIGIT, and FCRL3 expression in Sézary
syndrome,” Leukemia & Lymphoma, vol. 60, no. 8, pp. 1899–
1907, 2019.

[34] S. R.Woo,M. E. Turnis, M. V. Goldberg et al., “Immune inhib-
itory molecules LAG-3 and PD-1 synergistically regulate T-cell
function to promote tumoral immune escape,” Cancer
Research, vol. 72, no. 4, pp. 917–927, 2012.

[35] J. Fourcade, Z. Sun, O. Pagliano et al., “CD8+T cells specific for
tumor antigens can be rendered dysfunctional by the tumor
microenvironment through upregulation of the inhibitory
receptors BTLA and PD-1,” Cancer Research, vol. 72, no. 4,
pp. 887–896, 2012.

[36] S. J. Blake, W. C. Dougall, J. J. Miles, M. W. L. Teng, and M. J.
Smyth, “Molecular pathways: targeting CD96 and TIGIT for
cancer immunotherapy,” Clinical Cancer Research, vol. 22,
no. 21, pp. 5183–5188, 2016.

[37] W. Eisenreich, T. Rudel, J. Heesemann, andW. Goebel, “To eat
and to be eaten: mutual metabolic adaptations of immune cells
and intracellular bacterial pathogens upon infection,” Fron-
tiers in cellular and infection microbiology, vol. 7, p. 316, 2017.

13Disease Markers


	Whole Blood Transcriptome Analysis Reveals the Correlation between Specific Immune Cells and Septicemic Melioidosis
	1. Introduction
	2. Material and Methods
	2.1. Patients’ Characteristics and Dataset Collection
	2.2. Enrichment Analysis of the Gene Ontology (GO) Function and Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway
	2.3. CIBERSORT Analysis
	2.4. Statistical Analysis

	3. Results
	3.1. Transcriptomic Analysis of Human Whole Blood
	3.2. Enrichment Analysis of the GO Function and KEGG Pathway
	3.3. Distribution of Immune Cells in the Septicemic Melioidosis
	3.4. Correlation between the Immune Cells and the Onset of Septicemic Melioidosis
	3.5. Correlation between the Immune Cells and Survival of Patients with Septicemic Melioidosis

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

