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Abstract: Burkholderia pseudomallei, the causative agent of melioidosis can be responsible for a wide spectrum of clinical
manifestations and heterogeneous prognoses, with a high mortality in the acute onset. We report a case of a deep abdominal abscess
with sepsis secondary to melioidosis in a young farmer from a non-high-risk population. Emergency medical treatment was
administered according to the detection of serum antibodies against Hepl, the results of which provided etiological evidence of
B. pseudomallei infection for the timely and properly antimicrobial therapy in the absence of direct evidence of melioidosis. To our
knowledge, this is the first reported case of serodiagnosis of acute exacerbation of melioidosis in China.
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Introduction

Melioidosis is a potentially life-threatening infectious disease caused by Burkholderia pseudomallei, which is prevalent in
southest Asia and northern Australia. In China, it is endemic in sub tropical area such as Hainan.'* The disease is transmitted
by contact with contaminated soil or water through percutaneous inoculation, aerosol inhalation, ingestion of contaminated
water or food. Person-to-person mode of transmission is rare and till date, sexual transmission of melioidosis remains
unproven.”® It often presents as subclinical infections, asymptomatic or minor localized abscesses, severe pneumonia, and
fulminant sepsis.4 The most common risk factors include diabetes mellitus, alcoholism, chronic diseases, long-term steroid use
and immunosuppression, and exposure to environmental contaminants.” The characteristics of diverse clinical symptoms,
high fatality, and recurrence if not treated regularly bring great difficulty to clinical diagnosis and treatment.® Early and
accurate diagnosis is essential to improve the ability of clinicians to provide timely and appropriate therapy for serious
infections, because B. pseudomallei is intrinsically resistant to many antibiotics used for empirical treatment.” Empirical
antibiotics may carry a risk of resistance to bacteria other than B. pseudomallei, even in suspected cases with high risk factors
in endemic areas. Bacterial culture from a specimen is considered as an imperfect gold standard for laboratory diagnosis of
B. pseudomallei infection, taking 3—7 days and requiring a bio-safety Level 2+ laboratory.® The current standard serological
assay is the indirect hemagglutination assay (IHA), but the rapid onset and high mortality of acute melioidosis require a more
sensitive serological diagnostic method at the time of presentation. Serodiagnosis, based on the detection of serum antibodies
against B. pseudomallei specific antigen hemolysin co-regulated protein 1 (Hep1), can provide etiological evidence to institute
appropriate antibiotic therapy. In particular, it has demonstrated an excellent ability to detect blood culture-negative
melioidosis sepsis that may otherwise be difficult to find. Here, we report a case of a deep abdominal abscess with unknown
pyrexia in a non-high-risk patient caused by B. pseudomallei, and hope to raise awareness of early and accurate diagnosis
supported by serological detection.
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Table | Laboratory Data on Admission

Parameters Recorded Value Parameters Recorded Value
White blood cell 11.84x10°/L 1 D-dimer 0.58ug/mL 1
Neutrophils 8.03x10%/L 1 B-hydroxybutyric acid 0.2mmol/L
Hemoglobin 110g/L 1 Na* 131.90mmol/L |
Albumin 30.8g/L | CL™ 95.82mmol/L
Hypersensitive C-reaction protein 83.00mg/L 1t PaO, 72.70mmHg |
Procalcitonin 0.0Ing/mL Urine glucose +++

Blood glucose 19.2mmol/L 1 Fecal occult blood ++

Notes: Urine glucose +++: suggests blood glucose 15.5—17.8mmol/L; Fecal occult blood ++: suggests gastrointestinal bleeding 5—10mL.

Case Report

A 30-year-old male Sanya local farmer with symptoms of emaciation (unintentional loss of 3 kg in 1 month), left lower
abdominal pain of unknown cause associated with posture and aggravated by turning, went to the nearby health service
center for medical treatment with no apparent improvement. Five days later, on 7th July 2021 (Day 1), he was admitted to
Sanya People’s Hospital with fever of unknown origin (7.« 38°C) and complications of hypoproteinemia, electrolyte
imbalance and hyperglycemia (Table 1). Medical history: denied hepatitis, tuberculosis, hypertension, diabetes, heart
disease, cancer, etc. On 8th July (Day 2), the patient underwent a computed tomography (CT) plain scan of the upper
abdomen, which revealed the enlarged spleen with low-density from the splenic and left psoas major, showing a possible
abscess with inflammatory exudate (Figure 1). Spleen puncture was not performed due to the poor location of the abscess
and the poor patient compliance. The patient was started on symptomatic treatment for sepsis and hyperglycemia.
However, the patient deteriorated rapidly and remained febrile with worsening abdominal pain and tendency to
ketoacidosis. Cefoperazone-tazobactam was promptly administered to the patient based on the detection of serum anti-
Hepl antibodies to B. pseudomallei, which were determined to be strongly positive for IgG strip (Figure 2). After
intravenous antibiotic and supportive therapy, the relief of symptoms on 16th July (Day 10) provided the window of
opportunity for the ultrasound-guided puncture aspiration of the left psoas major abscess. The lesion recovered well on
the second day after the abscess was aspirated. The diagnosis of splenic and psoas major abscess due to melioidosis was
finally confirmed on 20th July (Day 14) by pus culture as shown in Figure 3 (blood cultures taken prior to antibiotics
were negative), and anti-infective therapy was continued. On 27th July (Day 21) the patient gradually improved from
sepsis with stable blood glucose. Inflammatory indicators returned to normal, lesion exudation decreased, and the patient
was discharged from hospital on oral cefixime eradication therapy for TMP-SMZ resistance. Follow-up imaging with
contrast-enhanced abdominal CT on 20th October 2021 (3 months after discharge) showed abscess resolution.

Figure | CT plain scan of the patient’s abdomen. The red arrow indicates the low-density region, considering possible abscess (left, left psoas major; right, spleen).
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Figure 2 Serum antibody detection of the patient. (A) B. pseudomallei IgG showed strongly positive by GICA; (B) Hepl IgG and IgM ELISA reactivity (OD) and titre of
serum collected after admission.

Serum Antibody Detection

The antigen reagents for the serological detection, including the recombinant Hepl were prepared in our laboratory. Hep-1
enzyme-linked immunosorbent assay (ELISA), and Hep-1 gold immunochromatography assay (GICA) were performed to
detect IgG and IgM directed against B. pseudomallei in the patient’s serum. The sera were collected at five different time
points during the days of hospitalization (Figure 2B). Two replicates of the negative control, two replicates of the positive
control, one blank control and two replicates of samples were included in each ELISA. After the reaction, the optical density
(OD) was measured at a single wavelength of 450 nm. The antibody titres were determined by ELISA method (the maximum
dilution multiple of the antibody with OD value above the cut-off). The OD value of the patient’s first serum IgG was 1.471
(cut-off 0.105) at a titre of 1:3200; the OD value of the fifth sample was 2.761 at a titre of 1:25,600. The OD value of the
patient’s first serum IgM was 0.2915 (cut-off 0.29) at a titre of 1:100; the OD value of the fifth sample was 0.23 at a titre of
1:20. For GICA, the diluted serum was added to the strip and read after 15 minutes, only IgG was positive (Figure 2A).
According to the Hepl ELISA, the patient showed a more than 4-fold increase in IgG titre, while the IgM remained low.

Isolates ldentification and Antimicrobial Susceptibility Testing
The patient’s blood was collected and inoculated into both aerobic and anaerobic blood culture bottles and placed in BACT/
ALERT® 3D (BioMérieux, France), which showed no growth after 5 days. The aspirated pus from the puncture was thick
yellow fluid. Direct smear and Gram stain showed tiny numbers of Gram-negative rods with WBC (Figure 3A). The pus
was inoculated onto Columbia blood agar, non-inhibitor chocolate agar, and China blue agar and cultured in a constant
temperature incubator in a CO, enhanced atmosphere at 35°C. After 24 hours of culture, small, smooth, creamy white,
neatly edged, milky and slightly sticky colonies were seen on the blood plates. 72 hours later, pale white-yellow,
subcircular, dry, wrinkled, and opaque “daisy-like” colonies were observed (Figure 3B-D). No growth was observed on
other culture media including anaerobic, mycobacterial, and fungal cultures. The selected single colony stained was showed
as Gram—negative bacilli and acid-fast staining was negative. The isolated strain was then subjected to BD Phoenix-100
Automated Microbiology System (BD Biosciences, Franklin Lakes, NJ), and identified as B. pseudomallei. In addition,
genomic DNA extracted from the isolated strain using a Bacterial DNA Kit (TTANGEN, Beijing), and amplified using
a 16S rDNA Bacterial Identification PCR Kit (Sangon, Shanghai), was sent to BGI company for sequencing. Direct
sequencing and phylogenetic analysis of the PCR amplification products showed that the isolate (named BP-HS) was
unequivocally clustered with B. pseudomallei (Figure 3E). The scale bar of the evolutionary distance divergence is 0.001.
The strains isolated from this case were also subjected to antimicrobial susceptibility testing using the microbroth dilution
method according to CLSI guidelines. The CLSI M45 susceptible/resistant breakpoints were used. Briefly, the isolate was
cultured in Columbia blood plate for 24 hours at 35 °C in 5% CO,, and the turbidity was adjusted to 0.5 McFarland, then the
bacterial suspension was diluted with Mueller Hinton broth. Ceftazidime, imipenem, cefoperazone-sulbactam (CFP-S) and
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Burkholderia pseudomallei isolate UKMD286(LR595897.1)
98 | Burkholderia pseudomallei strain ATCC 23343(NR 043553.1)

Burkholderia pseudomallei isolate UKMR15(LR595899.1)
34

BP-HS
|: Burkholderia paludis strain MSh1(NR 178850.1)
29 51 Burkholderia lata strain 383(NR 102890.1)

83 | Burkholderia humptydooensis strain MSMB43(NR 152628.1)
Burkholderia thailandensis strain BD10-00323(NR 118629.1)
| 35 Burkholderia metallica strain R-16017(NR 042636.1)
ﬁ‘_{ Burkholderia cepacia ATCC 25416 strain LMG 1222(NR 116149.1)
73 " Burkholderia cepacia ATCC 25416(NR 114491.1)
Burkholderia oklahomensis C6786(NR 043552.1)
—Mlj{Burkholderia pyrrocinia strain CIP 105874(NR 116156.1)
90 ' Burkholderia stabilis strain LMG 14294(NR 114522.1)
96 | Burkholderia perseverans strain INN12(NR 179094.1)
457? Burkholderia plantarii strain CIP 105769(NR 116151.1)
Burkholderia rinojensis strain A396(NR 118637.1)
72 | Burkholderia vietnamiensis strain TVV75(NR 118872.1)
Burkholderia pseudomultivorans strain LMG 26883(NR 117661.1)

7 Burkholderia ubonensis strain CIP 107078(NR 116153.1)
71" Burkholderia vietnamiensis strain LMG 10929(NR 041720.1)

56

Figure 3 Microbiological examination of the pus sample. (A) The light circle indicates Gram-negative rods on the pus smear with Gram stain; (B) Colonies on blood plate;
(C) Colonies on chocolate plate; (D) Colonies on China blue plate; (E) Phylogenetic analysis of the 16S rRNA gene amplified from the clinical isolate BP-HS compared with
that of publicly available B. pseudomallei and Burkholderia spp.

trimethoprim-sulfamethoxazole (TMP-SMZ) were then applied. After incubation in a 5% CO, incubator at 35°C for 16-24
hours, the clinical isolate of B. pseudomallei showed a susceptibility and resistance profile with susceptibility to ceftazidime
(MIC=2pg/mL), cefoperazone-sulbactam (MIC<16/8pg/mL), imipenem (MIC<1pg/mL), and resistance to trimethoprim- sulfa-
methoxazole (MIC=4/76pg/mL).

Discussion and Literature Review

In this case, despite the lack of blood culture confirmation and the delay in obtaining pus culture, we were able to quickly
find the clue of sepsis caused by B. pseudomallei infection based on the antibody directed against the in vivo expressed
B. pseudomallei Hepl, saving the patient in time. Additionally, the significant change of more than 4-fold in anti-Hcpl
IgG titer further identified the infection by retrospective diagnosis. However, in this case, the IgM level measured by
Hcep-1 ELISA was always low, whereas it was undetected by Hep-1 GICA. This was probably due to the properties of
IgM test reagents, or that the serum samples were not collected in the infection process for detectable IgM.

5616 = Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

B. pseudomallei usually invades the epithelial cells of the mucosal surface or skin from the soil and stagnant water in
endemic regions.” Diabetes mellitus is the most common predisposing factor of melioidosis, and more than 50% of the
melioidosis patients worldwide are diabetic.'” In this case, the patient was found to be a farmer living in the endemic
area, and although he was hyperglycemic on admission, he had normal fasting plasma glucose on discharge, suggesting
that he had stress hyperglycemia on admission. The likely exposure of our patient was during the farming activities.
Phylogenetic analysis showed that this patient’s isolate appeared to cluster with isolates from Malaysia, probably
revealing the origin of B. pseudomallei in the local area. However, whether this isolate is related to B. pseudomallei
isolates from the local region should be further investigated.

Most regions of mainland China are outside the endemic range of B. pseudomallei, but the regional distribution of
melioidosis in China is asymmetric, with most cases in recent decades occurring in local hospitals in Hainan Province, the
most tropical area of the country with limited medical resources. Between 2002 and 2013, with an increasing trend of
melioidosis incidence in Hainan, 170 cases of melioidosis were documented, and the most common presentations were
pneumonia and bacteraemia.'' Melioidosis is characteristic of various manifestations and is often misdiagnosed as tubercu-
losis or space-occupying lesion as cancer, which is known as the “great imitator”, causing diagnostic dilemma in prevalent
districts.” Among the 3 billion people living in areas likely to be exposed to B. pseudomallei, the incidence of melioidosis is
estimated to be 165,000 cases per year with a predicted mortality of 89,000 per year.® Due to human activities and
environmental changes, as well as improvements in laboratory detection and reporting, the increase in sporadic cases suggests
that the disease has spread beyond the tropics and subtropics and that the risk of a melioidosis epidemic is greatly
underestimated.'>'®> However, the greater public safety risk of latent melioidosis of abscess with subsequent reactivation
can occur at any time after the first exposure, which may lead to rapid disease escalation and fatal sepsis.'® Sepsis of unknown
origin is a particularly challenging. Given the heterogeneous presentation of melioidosis and the fact that empiric sepsis
therapy is likely to exclude the antimicrobial agents used to treat melioidosis, intrinsic resistance of B. pseudomallei would
result in failed radical cure, persistent infection or recurrence. Differences in the initial assessment of infection would lead to
different clinical outcomes.!” Therefore, timely and effective diagnosis can be life-saving, especially in cases where there has
been a delay in confirming the diagnosis from the initial blood culture.

IHA is the most widely used serological test for the detection of antibodies to B. pseudomallei, but its clinical utility has been
limited by persistently negativity in culture-confirmed cases of melioidosis, cumbersome performance, and high background
seropositivity in endemic locations. ELISA represent a potentially superior method for detecting B. pseudomallei when antigens
are carefully selected and properly validated. B. pseudomallei O-polysaccharide (OPS) and capsular polysaccharide (CPS) have
long been used as antigens recognized by antibodies in sera of melioidosis patients.'® However, some non-pathogenic,
environmental near-neighbor species express OPS moieties that are the same or similar to B. pseudomallei OPS potentially
yielding false-positive results. Meanwhile, the predominant antigen of type A OPS could lead to false-negative results when
using type A-specific assays to identify individuals exposed to B. pseudomallei strains expressing type B OPS.'? Besides, CPS-
based diagnostic tests were reported to have limited sensitivity when used alone. To help address this concern, Hepl, an effector
protein of the type VI secretion system, has been developed as serodiagnostic tools. B. pseudomallei Hepl is immunogenic and
stimulates high antibody titres in melioidosis patients.>*' Many studies, including ours, have shown that the Hcpl ELLISA can
provide higher specificity in discriminating between B. pseudomallei and neighboring species even in the endemic area, where
the positive cut-off OD of Hepl ELLISA was evaluated using the receiver operator characteristic curve.”>2* Although it is still
unclear whether the tends of melioidosis antibodies is different than or similar to that of other infectious diseases, which can be
used as excellent indicators for disease diagnosis and prognostic assessment. Moreover, to increase the reliability of serological
tests, multi-antigen reagents combined detection was better to avoid false negative results.* In this individual case, the results of
serological tests were consistent with expected. However, more samples should be included to further optimize the OD cut-off
value according to the local exposure to B. pseudomallei.

To better understand the features of melioidosis in China, we searched the MEDLINE database (https://www.ncbi.
nlm.nih.gov/pubmed), which revealed that the early case reports of melioidosis in China were mainly from Hongkong

and Taiwan regions since 1983.2°> However, the first case reports from mainland China were observed in Guangxi

province in 2006.%° A total of 32 cases of melioidosis had been documented in China’s inner regions, including 3 cases

13,14,27
d, S 15,

we reporte which are summarized in Table 2. The subjects were all males and aged from 17 days to 69 years.
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Table 2 Characteristics of the

Melioidosis Case Reports in the Inner Regions of China

Risk factors Diabetes

Injury/wound

Underlying diseases

Travell exposure

Smoking/alcoholism

Clinical Fever

Case number I 2 3 4 5 6 7 8 9 10 I 12 13 14 15 16
Year 2006 2008 2008 2011 2013 2014 2014 2016 2013 2014 2012 2009 2014 2002 2002 2017
Age/Sex 52y/M 36y/M 43y/M 17dIM 15y/M 54y/M 42y/M 3ly/M | 48y/M | 56y/M 65y/M 9y/M 60y/M 66y/M 55y/M
Area Guang Guang Guang Sichuan Hainan Hainan Jiangsu Sichuan Hainan Hainan Hainan Hainan Hainan Hainan Hainan Hainan
Xi Xi Xi
Occupation Farmer | Farmer | Farmer Jungle Child Child Businessman Building Driver Farmer | Farmer Child Farmer Farmer | Farmer
worker worker

symptom
Systemic infection

Lung infection

Neurological

Swelling/pain

CT findings

Abscess

HG/HX/HP/EI
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Antibiotic

treatment

CFP-S

Ceftazidime

TMP-SMZ

Imipenem

Meropenem

Levofloxacin

Clindamycin

CFP-T

Amoxicillin

Other

Surgical

treatment

Drainage

Excision

Complication

Sepsis

Pneumonia

Encephalitis

Respiratory failure

Other organ failure

Hepatosplenomegaly

Thrombosis/

embolism

Aneurysm

Diagnosis

confirms

Culture/time

B/5d

Pus, B/
9d

B /17d

Sequencing

B, CSF /
5d

PF /13d

B /8d

B, CSF

B, CSF Pus/3d

Mis- diagnosis

Tuberculosis

URI

Tumor

Other diseases

(Continued)
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Table 2 (Continued).

Outcome

NR

R

NR

Died oD NR NR oD Died oD oD NR oD DBC NR
Case number 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Year 2017 2015 2016 2012 2017 2020 2019 2016 2016 2015 2015 2013 2019 2018 2019 2021
Agel/Sex 38y/M 38y/M 52y/M 54y/M 54y/M 47yIM 54y/M 68/M 67/M 63/M 48/M 54/M 54/M 60/M 69/M 49y/M
Area Guang Hainan Guang Hainan Henan Sichuan Hainan Hainan Hainan Hainan Hainan Hainan Hainan Hainan Hainan Jiangsu

xi dong
Occupation Farmer Farmer Building Tunnel Gold Unem Sales Unem Farmer | Farmer | Farmer | Technician | Farmer
worker worker miner ployed man ployed

Risk factors

Diabetes

Injury/wound

Underlying diseases

Travellexposure

Smoking/alcoholism

Clinical

symptom

Fever

Systemic infection

Lung infection

Neurological

Swelling/pain

CT findings

Abscess

HG/HX/HP/EI
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Antibiotic

treatment

CFP-S

Ceftazidime

TMP-SMZ

Imipenem

Meropenem

Levofloxacin

Clindamycin

CFP-T

Amoxicillin

Other

Surgical

treatment

Drainage

Excision

Complication

Sepsis

Pneumonia

Encephalitis

Respiratory failure

Other organ failure

Hepatosplenomegaly

Thrombosis/

embolism

Aneurysm

(Continued)
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Table 2 (Continued).

Diagnosis Culture/time B/17d Pus/ B, CSF/ B, SP, B/8d Spleen B/7d B,SP, U, B, Pus B, Pus B, Pus B B, Pus B, Pus B B, Pus,
confirms 18d 7d BM/5d biopsy Pus U
Sequencing
Mis- Tuberculosis
diagnosis
URI
Tumor
Other diseases
Outcome NR NR NR Died NR NR NR NR Died NR NR NR NR NR Died R

Notes: Blank cell: data not available; Grey cell: no; Green cells: yes. Case I—SI,26 Case 4,3' Case 5,I3 Case 6,32 Case 7.'4 Case 8,33 Case 9—|5,34 Case |6,27 Case |7,35 Case |8,36 Case |9,37 Case 20,38 Case 2I,39 Case 22,40 Case 23,4'
Case 24-31,* Case 32.'°
Abbreviations: M, male; y, years; d, days; HG, Hyperglycemia; HX, hypoxemia; HP, hypoproteinemia; El, electrolyte imbalance; B, blood; CSF, cerebrospinal fluid; SP, sputum; BM, bone marrow; U, urine; CFP-S, cefoperazone-sulbactam;
TMP-SMZ, trimethoprim-sulfamethoxazole; CFP-T, cefoperazone-tazobactam; URI, upper respiratory infection; NR, no recurrence; OD, organ damage; DBC, discharge before cure.
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27 cases resided within endemic areas (Hainan, Guangdong, Guangxi). Of the 5 cases living in areas where
B. pseudomallei is considered currently absent, 4 returned from endemic areas. The main predisposing risk factors,
according to the available literature data, mainly involved diabetes (15/32, 46.9%) and history of travel/exposure (13/
32, 40.6%). According to available data, 26 patients were febrile on admission and 27 cases had symptoms of systemic
infection. The overall case-fatality rate was 16.7% (5/30, data for two cases unavailable). Most of these cases occurred
with imaging findings based on CT scanning (29/32). Even so, the bedside ultrasound is extremely important to
facilitate the diagnosis of melioidosis in patient presenting with acute sepsis.”® Pneumonia was reported in 17 cases
and abscesses were found in 15 cases. The presence of abdominal abscesses in predicting melioidosis is especially
important in areas where melioidosis is endemic.?’ The most commonly used antibiotics were TMP-SMZ (15/25),
Ceftazidime (11/25) and Imipenem (11/25). Microorganisms were initially misidentified by an automated microbiology
system in 5 cases. Diagnosis was delayed in almost all of the cases because the culture usually takes time to confirm.
However, in none of the cases was antibody detection used to perform serodiagnosis for evidence-based effective
treatment. Lack of medical resources in endemic areas and low awareness in non-endemic areas, make diagnosis
difficult. Moreover, reactivation of latent melioidosis may represent as a source of infection in non-endemic areas and
is responsible for causing severe opportunistic infections with a high mortality rate in susceptible populations. Even in
non-resource-limited settings, the reported mortality of acutely diagnosed melioidosis ranges from 9—18%.*° Thus, the
insufficient knowledge of melioidosis diagnosis in both endemic and non-endemic regions, makes it widespread as an
emerging public health problem.

Conclusion

We report a case of deep abdominal abscess associated with sepsis caused by B. pseudomallei in a young man. In this
case, the patient’s condition deteriorated dramatically, and no underlying disease was found other than stress
hyperglycaemia on admission. Exacerbation of a visceral organ abscess can be rapidly fatal. Given the strategy of
mitigating the potential risk, the detection of serum antibodies specific to B. pseudomallei using an Hcpl-based assay
reinforces the need to improve diagnostic capabilities in melioidosis management when the other diagnostic tests for
melioidosis were helpless. Moreover, because of the risk of exposure to laboratory staff, clinical laboratories may be
advised to perform serological testing on suspected isolates before referring them to a professional bio-safety
laboratory for more definitive testing. Furthermore, with the increasing number of melioidosis cases reported in
mainland China, especially in those without a travel history, physicians and laboratories in both endemic and non-
endemic areas should be aware of this clinical entity and the diagnostic challenges. We suggest the use of specific
antibody detection for timely serodiagnosis of unexplained abscesses with a tendency to deteriorate, especially in the
search for etiological clues to improve clinical outcomes by early implementation of appropriate therapeutic
interventions.
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