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Imaging and clinical manifestations g
of hematogenous dissemination
in melioidosis
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Abstract

Background Although there is a high incidence of hematogenous infections in melioidosis, a tropical infectious
disease, there are few systematic analyses of hematogenous melioidosis in imaging articles. A comprehensive clinical
and imaging evaluation of hematogenous melioidosis be conducted in order to achieve early diagnosis of the
disease.

Materials and methods We conducted an analysis of 111 cases of melioidosis diagnosed by bacteriological culture
between August 2001 and September 2022. The analysis focused on observing the main manifestations of chest
imaging and clinical data, including nodules, cavities, consolidation, ground glass opacity(GGO), pleural effusion,
centrilobular nodules, and temperature, leucocyte count, diabetes, etc. Our study involved univariate and multivariate
analyses to identify significant diagnostic variables and risk predictive factors.

Results A total of 71.2% (79/111) of melioidosis cases were caused by hematogenous infection, and the most
common organ involved was the lungs (88.5%, 100/113). The incidence of sepsis in patients with lung abnormalities
was high (73%, 73/100), and the mortality rate of septic shock was 22% (22/100). Univariate analysis showed that the
radiologic signs of blood culture-positive cases were more likely to have bilateral pulmonary and subpleural nodules
(p=0.003), bilateral GGO (p=0.001), bilateral hydrothorax (p=0.011). The multivariate analysis revealed a significant
improvement in the area under the receiver operating characteristic curve (AUC) when comparing the model that
included both clinical and radiologic variables to the model with clinical variables alone. The AUC increased from
0.818t0 0.932 (p=0.012). The most important variables in the logistic regression with backward elimination were
found to be nodule, GGO, and diabetes.

Conclusion The combination of CT features and clinical variables provided a valuable and timely warning for blood
borne infectious melioidosis.
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Background

Melioidosis, caused by the environmental gram-negative
bacillus Burkholderia pseudomallei, is an infectious dis-
ease primarily found in tropical regions [1, 2]. Burkhold-
eria pseudomallei is predominantly prevalent in northern
Australia and Southeast Asia [2-4]. Melioidosis has a
high incidence of bacteremia, ranging from 40 to 69%
[5-8]. This bacteremia can result in septic shock neces-
sitating intensive care, mechanical ventilation, or renal
dialysis treatment, and is associated with a high mortality
rate [7-10]. In resource-limited areas, the mortality rate
of melioidosis can reach as high as 50-70% [1, 2, 5, 11].

In clinical practice, pneumonia is the predominant
manifestation of melioidosis, accounting for over 50% of
cases [7—12]. Additionally, multiple abscesses in the liver
and spleen were observed as another significant presen-
tation [12, 13]. Pulmonary infections caused by bacte-
remia are highly prevalent in patients with melioidosis,
with incidence rates reaching up to 62% [7]. However,
melioidosis is a neglected cause of community-acquired
pneumonia [1, 2, 11].

Melioidosis exhibits diverse and complex clinical
manifestations in addition fever, often resembling vari-
ous diseases, earning it the reputation of being a ‘great
mimicker’ [1, 2, 14]. Diagnosing melioidosis based solely
on clinical grounds is highly challenging due to its non-
specific clinical presentation [1, 3, 4, 8]. Compared with
clinical reports, imaging descriptions of melioidosis in
publications tend to receive less attention. While the
imaging manifestations of hematogenous melioidosis are
primarily reported on X-ray chest films, some articles
have also described CT findings in the lungs, abdomen,
and other organs [9-13, 15-20]. However, few studies
have systematically analyzed and evaluated the CT mani-
festations of hematogenous melioidosis in the lungs and
other organs.

Early detection of bloodstream infections can prompt
a rapid clinical response and is crucial for controlling
sepsis and septic shock. This article presents a retrospec-
tive analysis of the imaging and clinical features of blood-
borne infectious melioidosis in order to facilitate early
diagnosis and treatment.

Materials and methods
This study was approved by the Ethics Committee of The
First Affiliated Hospital of Hainan Medical University
and the requirement for informed consent was waived.
We identified 114 cases of melioidosis diagnosed by
bacteriological culture between August 2001 and Sep-
tember 2022. Three patients with positive bacteriological
cultures but no imaging data were excluded, while 111
patients with both bacteriological culture diagnosis and
imaging were enrolled. 79 cases with positive blood cul-
tures were included in the blood culture-positive group,
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of which 19 cases also showed positive cultures for pus,
sputum, or pleural effusion. 32 cases who were confirmed
positive by other body fluids (secretions) were classified
into the blood culture-negative group.

In the other two cases suffering from type 2 diabe-
tes mellitus, no pathogenic bacteria were found in the
bacteriological culture through various ways. Clinical
evaluations, along with pulmonary and extrapulmo-
nary imaging, collectively demonstrated the presence
of sepsis. The patient’s symptoms did not improve after
treatment with multiple antibiotics. Empirical therapy
for melioidosis was effective, resulting in the symptoms
improved. Most lung and extrapulmonary lesions were
absorbed and the patient was discharged from the hos-
pital after imaging reexamination. These two cases were
included in the blood culture-negative group, resulting
in 34 cases in the blood culture-negative group. The total
number of patients in this group was 113.

All clinical features and risk factors are shown in
Table 1.

The types of chest imaging data for the 113 cases were
as follows: 89 chest CT data, 24 chest X-ray data, among
the 113 cases 17 having both chest CT and chest X-ray
data. Among the 113 cases, 64 showed the involvement
of extrapulmonary organs and corresponding imaging
examinations. Some patients present with multiple organ
(site) involvement.

Chest CT scanning parameters were(l) axial, slice
thickness, 5 mm, space, 5 mm; (2) lung window: window
width, 1600HU, central, -600HU; and (3) mediastinal
window: window width, 350HU, central, 50HU.

Imaging observation content

Chest and body imaging

(1) Chest imaging findings, it can be divided into two cat-
egories: with and without lung abnormalities. The main
image findings include nodules, subpleural micronodules
that refer to the nodules with a diameter < 6 mm are in
the subpleural region, and accompanying peribroncho-
vascular interstitium and interlobular septal thickening
[21], cavities, consolidation, ground glass opacity (GGO),
intra- and interlobular septal thickening, pleural effu-
sion, and centrilobular nodules ( tree-in-bud sign ). The
above imaging findings represent lung abnormalities. In
this article, GGO specifically refers to the hazy increased
opacity of the lung on a conventional 5 mm slice CT film,
where pulmonary blood vessels can be seen, and some
can show intra- and interlobular septal thickening.

(2) Patients with chest imaging manifestations were
divided into two groups based on the location of the
lesion: unilateral lung distribution and bilateral lung
distribution.

(3) Mediastinal lymph node enlargement was
divided into two groups: with and without lymph node
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Table 1 Association of blood culture with clinical features

Variable All cases No. of blood culture P-Value* Univari-
(n=113% Negative Positive ate OR'

Sex

Male 102 30 72 0.731 Reference

Female il 4 7 0.729
(0.199,
2.676)

Medianage 53(1,81) 54(1,73) 53(1,81) 0978 1.004
(0,978,
1.031)

Temperature

Tempera- 10 10 0 0.000 Reference

ture<39°C

Tempera- 103 24 79 0.999

ture>39 °C (0.000,
NAN)

Leukocyte

Leuko- 40 11 29 0.830 Reference

cyte<10%/L

Leuko- 73 23 50 0.825

cyte=10%/L (0352,
1.933)

diabetes

No 40 19 21 0.005 Reference

Yes 73 23 50 3498
(1.509,
8.112)

Alcoholic

No 89 30 59 0.135 Reference

Yes 24 4 20 2.542
(0.797,
8.110)

Malignancy*

No 108 34 74 0.320 Reference

Yes 5 0 5 0.999
(0.000,
NAN)

Smoking

No 56 18 38 0.637 Reference

Yes 57 16 41 1214
(0.543,
2.715)

Note OR=o0dds ratio. NA=Not applicable. NAN=not a number
$Two clinically confirmed cases were classified as blood culture negative group

* P-value was computed by comparing the blood culture positive group with
the negative group

1 Data in parentheses are 95% confidence intervals

+ There were 5 patients with malignancy, including 1 lung cancer, 1
nasopharyngeal carcinoma, 1 esophageal cancer, 1 liver cancer, and 1 acute
lymphocytic leukemia

enlargement. Lymphadenopathy is defined as a short-axis
CT measurement of lymph nodes>10 mm [22].

(4) Lesions in other organ sites of the body, combined
with the presence or absence of lung lesions, were divided
into two groups: those with and without lung lesions.
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Observation data acquisition

Two experienced radiologists, both blinded to the bacte-
riological examination results, independently evaluated
the imaging manifestations in the lungs. One radiologist
(L S) had 14 years of experience in imaging diagnosis,
while the other (D D) had 26 years of experience in the
field. In cases where there were inconsistent observa-
tion results, a third senior physician (A Y) with 40 years
of experience in chest imaging diagnosis, who was also
blinded to the previous observations, was consulted. The
results were determined based on the consensus of two
out of the three viewers. Clinical data was collected from
medical records by one physician and independently
reviewed by another physician.

Statistical analysis
The main statistical analyses were performed by using
IBM SPSS Statistics (version 26). Python (version 3.9)
was utilized to generate receiver operating characteris-
tic (ROC) curves, and DeLong test [23] was performed
using the open source Python package roc_comparison
[24].In the analysis of the association between blood
culture and imaging and clinical features, the Wilcoxon
rank-sum test was used to compare age medians between
different bloodstream infection status, given the non-
normal distribution of the data. Fisher’s exact test was
used for binary categorical variables to ensure reliable
P-values with small cell counts. For categorical variables
with more than two levels, the chi-square test was used.
Logistic regression was performed to identify indepen-
dent factors that can be used to predict blood-borne
infection. The areas under the receiver operating char-
acteristic curve (AUC) of two models were compared
using the nonparametric DeLong test, and a two-sided
P-value<0.05 indicated a significant difference. The final
logistic regression model was selected with a backward
elimination method, using a p-removal threshold of 0.10.
Cohen’s Kappa was conducted to assess interobserver
consistency for various lung and extrapulmonary imag-
ing manifestations.

Results

Consistency of lung and extrapulmonary imaging
evaluation results

The results obtained by the two observers for various

lung and extrapulmonary abnormalities were consistent
(Table 2).

Bacteria culture

Among the 113 patients in this group, 111 were con-
firmed to be infected with Burkholderia pseudomallei
by laboratory bacterial culture. Among these, 79 cases
(71.2%) were confirmed by blood culture and classified as
blood culture positive. 32 cases (28.8%) were confirmed
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Table 2 Statistical consistency of observation results between
two imaging experts

CT Feature Kappa value P

Nodule 0.926 <0.001
Cavety 0.968 <0.001
Consolidation 0.937 <0.001
GGO 0.864 <0.001
Hydrothorax 0.925 <0.001
Lymphadenopathy 0.942 <0.001
Centrilobular nodules 0.812 <0.001
Extrapulmonary lesions 1.000 <0.001

by other body fluid or secretion cultures and were classi-
fied as the blood culture-negative group. Other cultures
included sputum (5 patients, 4.5%), pus (15 patients,
13.5%), urine (3 patients, 2.7%), tracheal and alveolar
lavage fluid (3 patients, 2.7%), puncture fluid (5 patients,
4.5%), and peritoneal dialysis fluid (1 patient, 0.9%).
Another 2 cases were confirmed by clinical diagnostic
therapy, with 34 cases in the negative group.

The average time for obtaining bacteriological culture
results was 4 days (1-9 days).

Association of hematogenous infection with clinical
features

113 patients were included in this study. Associations
between blood culture with clinical features are pre-
sented in Table 1. Two clinical features were found to
be associated with hematogenous infection: tempera-
ture is 239 °C (P=0.000) and the presence of diabetes
(P=0.005).

Association of hematogenous infection with radiologic
features

Univariate analysis revealed that 3 radiologic features
were associated with hematogenous infection, includ-
ing nodule (P=0.003), GGO (P=0.001) and hydrothorax
(P=0.011). Compared to the reference groups, bilateral
nodules (OR, 4.911; 95% CI: 1.904, 12.665), bilateral
GGO (OR, 4.800; 95% CI: 1.637, 14.073), bilateral hydro-
thorax (OR, 7.176; 95% CI: 1.975, 26.075) were more
prevalent in the blood culture positive group than the
Blood culture negative group (Table 3).

The kind of nodules in both lungs varies in morphology
on imaging, with most of them being solid nodules and
a small amount being partial solid nodules and ground
glass nodules observed at a thickness of 5 mm on CT
(Figs. 1 and 2).

Among the 113 patients, 100(88.5%, 100/113) had
lung abnormalities. There were 29 cases of septic shock
(25.7%, 29/113), of which 28 cases were in the group of
pulmonary abnormalities (28%, 28/100). 23 deaths in this
study, among them 22 deaths in the lung abnormality
group, of which 21 cases were positive for blood culture,
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and the remaining one patient died in the normal lung
group, and the blood culture was positive [Electronic
Supplementary Material (ESM) Table 1].

There were 64 cases of extrapulmonary lesions within
the 113 cases of the study. Most cases were found in
those with a positive blood culture accompanied by pul-
monary abnormalities (78.2%, 43/55; ESM Table 1, ESM
Fig. 1), and the positive rate of blood culture in the group
with extrapulmonary lesions accompanied by pulmonary
abnormalities was higher than that in the group with
extrapulmonary lesions without pulmonary abnormali-
ties (11.1%, 1/9; ESM Table 1). However, based on blood
culture results, the proportion of extrapulmonary lesions
in cases with positive and negative blood cultures was
similar (57.7% vs. 58.8%, Table 1).

In the bilateral lung GGO group with positive blood
culture, five cases showed appearance of resembling
irregularly shaped paving stones (indicative of intra-lob-
ular septal thickening) and four cases showed thickening
of the interlobular septa (Figs. 3, 4 and 5,). In the nega-
tive blood culture group, three cases showed thicken-
ing of the interlobular septa, one of them with the lesion
limited to the right upper lobe, GGO and thickening of
the interlobular septa were visible, and a right hilar mass
accompanied by mediastinal lymph node enlargement
was misdiagnosed as lung cancer. No malignant cells
were found on the lymph node biopsy, and the culture
of the alveolar lavage fluid was positive for Burkholderia
pseudomallei.

Multivariate analysis of prognostic factors and ROC curve
analysis

Logistic regression analyses were performed using only
clinical variables and both clinical and radiologic vari-
ables (Tables 4 and 5). When comparing the model
including both clinical and radiologic variables to the
model with clinical variables alone, the AUC increased
from 0.818 to 0.932 (P=0.012, Fig. 6; Table 6). The most
important variables in the logistic regression with back-
ward elimination (ESM Table 2) were found to be nodule,
GGO, and diabetes.

Involvement of extrapulmonary organs

The number of extrapulmonary organs involved was on
average one, with as many as four. The most frequently
involved organs outside the lung were the liver and
spleen (39.1%, 25/64;ESM Table 1).

Discussion

The investigation of imaging and clinical findings showed
that bilateral intrapulmonary and subpleural nodules,
bilateral intrapulmonary GGO, and diabetes were inde-
pendent risk factors for hematogenous melioidosis.
When comparing the model that includes clinical and
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Table 3 Association of blood culture with radiologic features
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Variable Patients No. of blood culture PValue* Univariate OR'
(n=113%) Negative Positive

Nodule 0.003 NA

No nodules 35 17 18 NA Reference

Unilateral nodules 16 7 9 0.749 1.214(0.370, 3.990)

Bilateral nodules 62 10 52 0.001 4911 (1.904, 12.665)

Cavity 0.875 NA

No cavities 66 20 46 NA Reference

Unilateral cavites 31 10 21 0.846 0.913 (0.365, 2.286)

Bilateral cavities 16 4 12 0.676 1.304 (0.375,4.541)

Consolidation 0.082 NA

No consolidation 67 21 46 NA Reference

Unilateral consolidations 26 11 15 0.320 0.623 (0.245, 1.584)

Bilateral consolidations 20 2 18 0.074 4.109 (0.873, 19.346)

GGO* 0.001 NA

No GGO 56 21 35 NA Reference

Unilateral GGO 12 8 4 0.073 0.300 (0.080, 1.119)

Bilateral GGO 45 5 40 0.004 4.800 (1.637,14.073)

Hydrothorax 0011 NA

No hydrothorax 61 25 36 NA Reference

Unilateral hydrothorax 18 12 0.560 1.389 (0.460, 4.193)

Bilateral hydrothorax 34 3 31 0.003 7.176 (1.975, 26.075)

Lymphadenopathy

No 91 26 65 0.605 Reference

Yes 22 8 14 0.700 (0.263, 1.866)

Centrilobular nodules

No 78 23 55 0.828 Reference

Bilateral® 35 1 24 0.912 (0.385,2.164)

Extrapulmonary lesions

No 49 14 35 0.837 Reference

Yes 64 20 44 0.880 (0.390, 1.987)

Note OR=o0dds ratio. NA=Not applicable
y§ Two clinically confirmed cases were classified as blood culture negative group

* P-value was computed by comparing the blood culture positive group with the negative group

t Data in parentheses are 95% confidence intervals. # GGO = Ground glass opacity

& Bilateral lungs distribution of centrilobular nodules and no unilateral lung distribution of them

radiological variables with the model that only includes
clinical variables, the area under the receiver operat-
ing characteristic curve increased from 0.818 to 0.932
(P=0.012, Table 6). Prove that the combination of imag-
ing and clinical indicators is more effective than using
clinical indicators alone to predict blood born infectious
melioidosis. The research results of Suputtamongkol et al.
show that in areas of endemic melioidosis, diabetics were
at higher risk of developing melioidosis, especially septi-
cemic disease, than septicemia caused by other bacteria
[6]. Our results also confirm that diabetes is an indepen-
dent high risk factor for hematogenous melioidosis, but
failed to collect clinical and imaging data from patients
with bacteremia caused by other bacteria for comparison,
and that would be helpful for differential diagnosis.
Bilateral pulmonary and subpleural nodules are clas-
sic imaging manifestations of various lesions that spread

through the blood to the lungs and are the most com-
mon imaging manifestations. The pulmonary nodules of
melioidosis are larger than those of miliary pulmonary
tuberculosis, and both solid and sub-solid nodules can be
seen in the lungs, which is different from hematogenous
disseminated pulmonary tuberculosis [25]. Neverthe-
less, it is difficult to distinguish between hematogenous
disseminated lesions caused by other pathogens, such
as Staphylococcus aureus, Klebsiella pneumoniae etc.
[26]. Notably, bilateral subpleural micronodules are eas-
ily overlooked [21], which can be observed in some
cases of acute hematogenous dissemination in the cur-
rent study, and the condition develops rapidly. In clini-
cal pratice, risk factors for melioidosis include diabetes,
which is the most frequent, heavy alcohol use, genitouri-
nary disease, cancer, etc., and the latter is less common
[2—-6]. Melioidosis is often misdiagnosed as tuberculosis,
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Fig. 1 Plain CT examination obtained in a man with positive blood culture for Burkholderia pseudomallei, being septic shock accompanied by suppura-
tive infection of the left shoulder soft tissue. (A) The chest radiography shows an increase in bilateral lung markings, and a reticular shadow faintly dis-
played in the right lower lung. (B) A day later, a chest X-ray was taken and both lungs were covered with nodules, typical manifestation of hematogenous
infection. Due to worsening of the condition and ineffective treatment, the patient died
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Fig. 2 Plain CT examination obtained in a man with delayed positive blood culture for Burkholderia pseudomallei. (A)There are a few nodules in both
lungs and sub-pleuras (arrow). (B) A cavity formed in a nodule of necrosis and liquefaction at the lower lobe of the left lung(arrow). The patient sustained
unexplained high fever with a body temperature of 40.2 ° C, and died after ineffective treatment. The blood culture results were obtained three days after
the patient died

ot

community-acquired pneumonia, and sometimes as
lung cancer, metastatic tumors, and other diseases in
our clinical practice. Due to the non-specific clinical and
imaging manifestations of melioidosis, it becomes impor-
tant to consider the patient’s history of living or travel-
ing in endemic areas, and the comprehensive evaluation
of clinical findings and laboratory test results, as well as

imaging features, especially in the differential diagnosis
of blood-borne infectious cases.

In this article, pulmonary GGO in many patients, and
the intra-lobular reticulum thickening (crazy-paving pat-
tern) which has not been reported in the literature on
melioidosis, and interlobular septal thickening in a small
patients can be seen with hematogenous melioidosis.
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Fig. 3 Plain CT examination obtained in a man with positive blood culture for Burkholderia pseudomallei. Slice thickness of 5 mm (A, B); Slice thickness
of 0.75 mm (C). (A) A small amount of pleural effusion on both sides. The pleural surface is rough, with a small amount of subpleural micronodules and
peribronchovascular interstitium thickening visible (arrow). (B) 2 days later reexamination, bilateral intrapulmonary GGO was observed, with lobular GGO
in the bilateral upper lobe (white arrow) and thickening of the interlobular septum of both lungs (fish tailed arrow). (C) Reexamination in 3 days with
thin-section images showed increased pleural effusion on both sides(arrowhead), thickening of interlobular septa(fish tailed arrow), and expansion of
ground-glass opacities(white arrow). (D) The pulmonary lesions were obviously absorbed after 13 days of treatment

These findings are consistent with those reported by
McGuinness et al. for the lungs of patients with hema-
togenous disseminated diseases [27-29]. Based on the
improved absorption after treatment, the authors spec-
ulated that the GGO and thickening of the intra- and
interlobular septa in the lungs reflect few acute exudative
reactions within the alveoli and pulmonary interstitium.
Currie et al. [7] reported that the incidence of pneumonia
and bacteremia in patients with melioidosis was 52% and
56%, respectively; the incidence of bacteremia in patients
with pneumonia was 62%, septic shock was 30%, and the
death was 16%. In the study the incidence of pulmonary
abnormalities and bacteremia in patients with melioi-
dosis were 88.5% and 69.9%, respectively. The incidence
of bacteremia in patients with pulmonary abnormali-
ties was 75%, septic shock was 28.9%, and the death was
22%. The high detection rate of pulmonary lesions in this

melioidosis study may be related to the application of CT
in lung examinations. CT is superior to chest radiogra-
phy in displaying GGO, micro- and small nodules, and
small amounts of pleural effusion [9, 17, 18, 30]. How-
ever, in the early stages of hematogenous melioidosis,
such lesions are not easily visible on chest radiography.
The number of cases with bilateral pleural effusion
is lower compared to cases with bilateral lung nodules
and GGO. Most of these cases are a result of infection
spreading to the pleura through the bloodstream [28, 31].
In clinical practice, multiple-organ (site) infections often
result from hematogenous dissemination [32, 33]. This
study revealed that the positive rate of blood cultures in
the group with extrapulmonary lesions and pulmonary
abnormalities (78.2%) was significantly higher than that
in the group with extrapulmonary lesions without pulmo-
nary abnormalities (11.1%). Although imaging diagnosis
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Fig. 4 Plain CT examination obtained in a man with positive blood culture for Burkholderia pseudomallei on admission. (A) Bilateral pulmonary and sub-
pleural GGOs and ground glass nodules (fish tailed arrow), with “crazy-paving pattern”(white arrow) in GGO. (B) Enhanced CT showed multiple abscesses
in the liver and spleen (arrow). (C) After 2 and a half months of follow-up, most of the lesions were absorbed and disappeared

is not specific, and bacterial culture is the gold standard
for diagnosis, CT examination has the advantage of rapid
diagnosis. Hematogenous infections can be indicated by
lung manifestations and extrapulmonary lesions com-
bined with lung abnormalities. Combining the history
of living in epidemic areas with travel to epidemic areas
and clinical indicators can prompt clinicians to respond
quickly [34, 35].

Burkholderia pseudomallei, which has a high blood
infection rate, is naturally resistant to a large number
of antibiotics [2, 8, 36, 37] and requires longer bacte-
rial culture times [2, 7, 37, 38]. New diagnostic meth-
ods, such as direct molecular testing from blood and
Indirect immunofluorescence etc. have been developed,
however, to date, none of them have sufficient sensitiv-
ity to replace culture assays, which is still the mainstay
of laboratory diagnosis [2, 3, 8, 26, 39]. Therefore, in
cases of clinical suspicion, employing complementary
diagnostic methods other than laboratory tests may aid
in the early diagnosis and management of the disease [1,
15, 20]. In situations where clinical sepsis persists and

standard antibiotic treatments prove ineffective, if there
is a delay in microbiological confirmation, both imaging
and clinical signs can indicate to clinicians the possibil-
ity of a melioidosis infection in the bloodstream, then
empirical therapy can enhance the overall treatment
efficacy[1-3, 37, 40]. Imaging signs not only determine
the location and extent of the lesion but can also serve
as predictive indicators of disease outcomes and mor-
tality [18].

Melioidosis is a tropical infectious disease that has
been neglected for a long time [1, 2, 8, 26, 40], despite
its high mortality rate and potential for prevention and
treatment. Experts have pointed out that compared
to many other tropical diseases that are considered
neglected by the World Health Organization (WHO),
the disease burden caused by melioidosis is greater
[41]. This insight emphasizes the critical importance
of prioritizing prevention and treatment efforts for
melioidosis.

Limitations: Despite 20 years of data accumulation, the
number of cases in this study was small and limited to
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Fig. 5 Plain CT examination obtained in a man with positive blood culture for Burkholderia pseudomallei. Slice thickness of 5 mm. (A) GGO(white arrow)
and nodules(fish tailed arrow) in both lungs. (B) After 3 days of follow-up, there was an increase in GGO and ground glass nodules in both lungs, and a
small amount of pleural fluid, small nodules (fish tailed arrow) were visible. Subpleural micronodules could also be seen on both sides, with peribroncho-
vascular interstitium thickening and GGO nearby (arrow). (C) Mediastinum window of (B). (D) After one month of treatment, reexamination showed that
most of the GGO and nodules and subpleural micronodules in both lungs were absorbed, and bilateral pleural effusion was absorbed

Table 4 Logistic regression with clinical variables

B S.E. Wald df Sig. Exp(B) 95% C.l.for EXP(B)
Lower Upper
Sex(1) 0.288 0.924 0.097 1 0.755 1.334 0.218 8.155
Age —-0.002 0.016 0.012 1 0912 0.998 0.967 1.030
TemperatureGt39°C(1) 22785 12000.264 0.000 1 0.998 7859133158113 0.000 .
LeukocyteGt10(1) —-0.604 0.575 1.103 1 0.294 0.547 0.177 1.687
Diabetes(1) 1.446 0.516 7.852 1 0.005 4.247 1.544 11.678
Alcoholic(1) 1.286 0.849 2.293 1 0.130 3618 0.685 19.119
Malignancy(1) 20.005 16685.498 0.000 1 0.999 487604794.677 0.000 .
Smoking(1) —-0.387 0.552 0490 1 0484 0.679 0.230 2.005
1

Constant -22.015 12000.264 0.000 0.999 0.000




Yu et al. BMC Medical Imaging (2024) 24:296

Table 5 Logistic regression with clinical and radiologic variables
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B S.E. Wald df Sig. Exp(B) 95% C.1.for EXP(B)
Lower Upper
Sex(1) -0.054 1.385 0.002 1 0.969 0.947 0.063 14.299
Age -0.010 0.023 0.195 1 0.659 0.990 0.945 1.036
TemperatureGt39°C(1) 23.302 11256.079 0.000 1 0.998 13185497695.484 0.000 .
LeukocyteGt10(1) -1.504 0.932 2.605 1 0.107 0.222 0.036 1.381
Diabetes(1) 1.834 0.791 5.380 1 0.020 6.262 1329 29.507
Alcoholic(1) 2.346 1.836 1.633 1 0.201 10.444 0.286 381.556
Malignancy(1) 18.409 16877.531 0.000 1 0.999 98871633.140 0.000 .
Smoking(1) —-0.294 0.736 0.160 1 0.689 0.745 0.176 3.150
Nodule 7.793 2 0.020
Nodule(1) -0.530 1.188 0.199 1 0.655 0.589 0.057 6.036
Nodule(2) 2.235 0.866 6.659 1 0.010 9.349 1.712 51.066
Cavity 0.524 2 0.770
Cavity(1) -0.383 0.948 0.163 1 0.686 0.682 0.106 4371
Cavity(2) -0.779 1.161 0450 1 0.502 0459 0.047 4463
Pneumonia 0.183 2 0912
Pneumonia(1) -0.215 0.880 0.060 1 0.807 0.806 0.144 4.526
Pneumonia(2) 0.286 1.011 0.080 1 0.777 1331 0.183 9.660
GGO 7450 2 0.024
GGO(1) -1.754 1.225 2.049 1 0.152 0.173 0.016 1911
GGO(2) 2.344 1.115 4418 1 0.036 10421 1172 92.702
Hydrothorax 0.303 2 0.860
Hydrothorax(1) -0.575 1.107 0.270 1 0.603 0.563 0.064 4924
Hydrothorax(2) —0.348 1.054 0.109 1 0.742 0.706 0.090 5574
Lymphadenopathy(1) -1.342 0.961 1.949 1 0.163 0.261 0.040 1.720
CentrilobularNodules(1) -0.687 0.837 0.674 1 0412 0.503 0.098 2593
ExtrapulmonarylLesions(1) -0.052 0.789 0.004 1 0.947 0.949 0.202 4456
Constant -22.111 11256.079 0.000 1 0.998 0.000
1.0 - one hospital. This was a retrospective analysis, and there
is a possibility of bias. The CT scan of the lung in this
study is a traditional 5 mm thick slice used for the diag-
0.6 4 nosis of pulmonary infectious lesions, rather than lung
tumor lesions. There is a difference in observing pulmo-
nary GGO between 5 mm section and thin layer thick-
e ness. This article presents a comprehensive clinical and
= imaging investigation of hematogenous melioidosis, an
% infectious disease in tropical regions. However, the inci-
§ G dence of different pathogens and in different regions, as
' well as image features are still unclear and requires fur-
ther observation.
In conclusion, the integration of imaging and clinical
0.2 signs can serve as an early predictive tool for hematoge-
—— Clinical features alone; AUC = 0.818 nous infectious melioidosis, enabling timely intervention
4 — Radiologic features alone; AUC = 0.86 and treatment.
004 7 Radiologic and clinical features; AUC = 0.932
0.'0 0.l2 O.'4 O.'6 0.18 1.10
1 - Specificity

Fig. 6 Areas under the receiver operating characteristic curves
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Table 6 Comparison between the clinical model and the model with clinical and radiologic features

Area under the curve

Test result variable(s) Area Std. Error Asymptotic Sig." Asymptotic 95% confidence interval P-valuet
Lower Bound Upper Bound

Clinical features alone 0.818 0.046 0.000 0.727 0.909 0.012

Clinical and radiologic features 0.932 0.027 0.000 0.879 0.985

Note * Null hypothesis: true area=0.5

1 Two-sided P-value obtained from DelLong test

Abbreviations

GGO  Ground glass opacity

AUC Area under the receiver operating characteristic curve
ROC Receiver operating characteristic
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