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Background: Burkholderia pseudomallei is a gram-negative bacterium widely found in Southeast Asia and north- 

ern Australia. This bacterium, which lacks an available vaccine, is the causative agent of melioidosis and has 

properties that potentially enable its exploitation as a bioweapon. 

Methods: Polymerase chain reaction assays targeting each of the lipopolysaccharide (LPS) genetic types were 

used to investigate genotype frequencies in B. pseudomallei populations. Silver staining, gas chromatography- 

mass spectrometry (GC-MS), and immunofluorescence were used to characterize LPS. 

Results: In our study, a total of 169 clinical B. pseudomallei isolates were collected from Hainan Province, China 

between 2004 and 2016. The results showed that LPS genotype A was the predominant type, comprising 91.1% of 

the samples, compared with only 8.9% of LPS genotype B. The majority of patients were male and were diagnosed 

with sepsis or pneumonia. Silver staining and GC-MS demonstrated that LPS genotypes A and B exhibited distinct 

phenotypes and molecular structures. Immunofluorescence tests showed there was no cross-reaction between LPS 

genotypes A and B. 

Conclusions: This is the first report on the molecular epidemiology of B. pseudomallei based on O-antigen in 

China. Tracking the regional distribution of different LPS genotypes offers significant insights relevant to the 

development and administration of LPS-based vaccines. 
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. Introduction 

Melioidosis is a lethal infectious disease endemic to

ropical regions. The causative agent of melioidosis,

urkholderia pseudomallei , exhibits significant antibiotic

esistance [ 1 ]. In some cases, the reported fatality rates

each up to 40%, with relapse rates around 20% [ 2 , 3 ]. In-

ections with B. pseudomallei are most common in South-

ast Asia and northern Australia; however, China, par-

icularly Hainan Province, is also a melioidosis endemic

rea [ 4–6 ]. As a result of its high pathogenicity and lethal-

ty rate, extensive antibiotic resistance, and historical use

f its closely related strain, Burkholderia mallei , in war-
Abbreviations: PCR, polymerase chain reaction; LPS, lipopolysaccharide; GC-MS, g
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1 
are [ 1 , 7 , 8 ], B. pseudomallei poses a potential threat as a

iological weapon. Currently, no vaccine is available to

rotect against B. pseudomallei , and the virulence mecha-

isms of this pathogen are poorly understood. Melioidosis

s a significant public health issue that severely impacts

mpoverished and rural communities [ 9 ]. 

Lipopolysaccharide (LPS), an essential component of

he outer membrane of gram-negative bacteria, is vital

or maintaining cell integrity and for triggering the host’s

nnate immune response [ 10 ]. LPS generated protective

mmunity in a mouse model of melioidosis, exhibiting

romise for vaccine research [ 11 ]. LPS comprises 3 struc-

ural elements, namely lipid A, a core oligosaccharide,
as chromatography-mass spectrometry; OD, optical density. 
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nd O-antigen [ 12 ]. Generally, the lipid A structure is

onserved among bacteria, whereas the O-antigen struc-

ure varies between species and is, therefore, the basis

or serotype classification [ 10 ]. Burkholederia pseudoma-

lei LPS has been classified into A, B, and B2 genotypes.

PS genotype A is the most prevalent in both Australia

85%) and Southeast Asia (97.7%). LPS genotype B is

ore common in Australian (13.8%) than in Southeast

sian isolates (2.3%), and Papua New Guinea and Aus-

ralia are the only countries to have recorded cases of LPS

enotype B2 [ 13 ]. Although understanding the diversity

f LPS genotypes is crucial for serological diagnosis and

accine development, such information is lacking for B.

seudomallei in China. In this study, we investigated LPS

olecular epidemiology, based on O-antigen, in a large

opulation of B. pseudomallei isolates in China. 

. Materials and methods 

.1. Preparation of mouse polyclonal immune sera and 

etermination of antibody titers 

Mouse immune serum samples were produced accord-

ng to a previously reported protocol [ 14 ]. Briefly, com-

lete Freund’s adjuvant was first emulsified in an equal

olume of PBS containing LPS genotype A or B (0.5

g/mL). BALB/c female mice (6–8 weeks old) received

0 μg of pure LPS subcutaneously on days 0, 14, and 35,

ith PBS serving as the control. Seven days after the fi-

al vaccination, terminal bleeds ( n = 5 mice/group) were

arried out. ELISA was employed to determine the anti-

ody response to LPS genotype A or B, in accordance with

 previous report [ 15 ]. The 96-well Costar plates were

oated with LPS (5 μg/mL, 100 μL/well) and incubated

t 4°C overnight. After blocking for 2 hours at room tem-

erature with PBST (containing 1% BSA), the plates were

ncubated with serially diluted mouse serum samples

1:1000, 1:2000, 1:4000, 1:8000, 1:16,000, 1:32,000,

:64,000, and 1:128,000, 100 μL/well) for 40 min at

7 °C. The plates were then incubated for an addi-

ional 40 min at 37 °C with anti-mouse IgG horseradish

eroxidase-conjugated antibodies (CST; 1:10,000 dilu-

ion). The plates were developed with tetramethylbenzi-

ine (TMB, BBI Life Science, China), and then examined

t 450 nm with a microplate reader (Bio-Rad, America).

o calculate the endpoint titers for individual mice, the

recise value of P/N (ODsample − ODblank /ODnegative control 

 ODblank ) more than 2.1 was taken into account. 

.2. Isolate collection and extraction of LPS 

The bacteria used in this study were B. pseudomallei

trains collected from Hainan Province, China, accord-

ng to the following criteria. Inclusion criterion: isolates

hat tested culture-positive for B. pseudomallei at the lab-

ratory of Sanya People’s Hospital and Haikou People’s
2

ospital (Hainan Province, China). Exclusion criterion:

epeated isolates from the same site of the same pa-

ient. A prior study confirmed all clinical isolates through

he VITEK-2 system (BioMerieux, Marcy-I’Etoile, France)

nd 16S ribosomal DNA gene sequencing [ 16 ]. LPS ex-

raction was conducted using the heated aqueous-phenol

ethod [ 17 ]. Briefly, B. pseudomallei isolates were culti-

ated in Luria–Bertani–Lennox (LB) broth at 37°C for 14

 with agitation at 200 rpm. Then, the cultured bacte-

ia were centrifuged and the bacterial pellet was treated

ith phenol (final concentration of 2%) for 30 min. An

qual volume of 90% (w/v) phenol preheated to 65°C

as added, and the resultant mixture was stirred for 15

inutes. After centrifuging at 18,000 × g for 15 min,

he collected water phase was dialyzed against ddH2 O,

nd then further purified by enzymatic digestion (RNase

nd DNase, 37°C for 2 hours; proteinase K, 60°C for 3

ours). Following further centrifugation, the supernatant

as harvested and the crude lipopolysaccharide was ob-

ained through freeze drying. The lyophilized LPS frac-

ions were dissolved in distilled water and then fraction-

ted via gel permeation chromatography on a column

1.5 × 100 cm) of Sephadex G-100, with 0.15 M NaCl

uffer at a flow rate of 0.15 mL/min. The purified LPS

as subjected to further analysis. 

.3. LPS genotyping and analysis of clinical case 

nformation 

Based on a previous report [ 13 ], polymerase chain

eaction (PCR) was employed to detect genotypes

, B, and B2. The primers used in the PCR were as

ollows: genotype A primers, wbiE-F: tcaaacctatc-

gcgtgtcgaagt and wbiE-R: tcgtcgtcaagaaatc- 

cagccat ; genotype B primers, BUC_3396-F: gac-

gcccgaatctttttctgattccgtc and BUC_3396-R: 

cgaccagaagacaaggagaaaggccac ; genotype B2

rimers: BURP840_LPSb16-F: gattcacgcgatacgccg- 

tgtagaacag and BURP840_LPSb16-R: cgtctacaac- 

gggtagttcgcgattacaac . For statistical analyses,

linical cases were classified according to LPS genotype. 

.4. SDS-PAGE and chemical identification of LPS 

Lyophilized LPS fractions, dissolved in sample buffer

0.1 M Tris/HCl [pH 6.8], 0.1% bromophenol blue, 1%

TT, 2% SDS, and 20% sucrose), were separated by

2% SDS-PAGE. The profile was then visualized using

ilver nitrate staining postoxidation with periodate [ 18 ].

he 3-deoxy-D-manno-2-octulosonic acid (Kdo) content

f LPS was determined using the modified thiobarbi-

uric acid (TBA) assay, as described previously [ 14 ]. The

onosaccharide composition was determined using gas

hromatography-mass spectrometry (GC-MS) with slight

odifications, as described in our previous work [ 14 ]. 
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.5. Immunofluorescence assay 

B. pseudomallei isolates BPC006 and BPC010 repre-

ented LPS genotype A strains and isolates BPC001,

PC004, and BPC007 represented LPS genotype B strains.

mmunofluorescence experiments to identify different

PS genotypes were performed according to previous

ethods [ 14 ]. Briefly, the bacteria (107 CFU/mL) were

rst incubated with anti-LPS genotype A or B mouse

erum (1:400), using E. coli as a control. Bacteria

ere then incubated with goat anti-mouse IgG-Alexa

luor 488 (Invitrogen, America, A32723; 1:1000), fol-

owed by further incubation with rabbit anti-bacterial

erum (1:400). Finally, bacteria were incubated with

onkey anti-rabbit IgG-Alexa Fluor 555 (Invitrogen,

merica, A32794; 1:1000). Fluorescence on bacterial

ells was visualized using a TCS SP5 confocal micro-

cope (Leica SP8, Germany), and analyzed using ImageJ

oftware. 

. Results 

.1. LPS genotypes and phenotypes 

The 169 B. pseudomallei isolates were obtained at Sanya

eople’s Hospital and Haikou People’s Hospital, Hainan

rovince, China. BPC006 and BPC004 were selected as

epresentative LPS genotype A and B isolates, respectively

 Fig. 1 A). LPS genotype A was found to be the most com-

on genotype (91.1%), whereas LPS genotype B was less

revalent (8.9%). LPS genotype B2 was not identified.

elting curves ( Fig. 1 B) were used to differentiate the

PS genotypes. 

The silver-stained SDS-PAGE electropherogram

howed that the BPC004 strain (LPS genotype B) exhib-

ted a distinctive ladder pattern and a wider molecular

eight spectrum (40–100 kD) than the BPC006 strain
ig. 1. Differences in the LPS genotypes of B. pseudomallei isolates. (A) Agarose gel el

DL500 marker); 2, LPS genotype A (BPC006); 3, LPS genotype B (BPC004). (B) PC

elting dissociation. 

bbreviations : LPS, lipopolysaccharide; PCR, polymerase chain reaction. 

3

LPS genotype A) (55–70 kD). Monosaccharide composi-

ion analysis by GC-MS ( Fig. 2 B) demonstrated that LPS

rom BPC004 primarily consisted of Rha, Gal, Xyl, and

lc in a molar ratio of 4.4:1.0:0.9:0.9, confirming it as

PS genotype B from our prior structural characterization

tudy [ 18 ]. The monosaccharide composition of LPS from

he BPC006 strain was composed of 6-deoxy-Tal and Glc

n a molar ratio of 1.87:1.0, matching the LPS genotype

 reported in a previous study [ 19 ]. 

.2. Serological specificity of LPS 

Fig. 3 illustrates the antibody titers, determined by

lotting the ELISA optical density (OD) values against

he number of serum dilutions. The results indicated that

he immunized mice exhibited a robust antibody response

gainst LPS genotype A or B, with endpoint titers exceed-

ng 3.2 × 104 . The serological specificity of B. pseudoma-

lei LPS was further assessed through immunofluorescence

nd visualized using confocal laser scanning microscopy.

s shown in Fig. 3 B, the co-localization of red and green

uorescence in B. pseudomallei strain BPC006 incubated

ith anti-genotype A mouse serum, and BPC004 incu-

ated with anti-genotype B mouse serum, suggested suc-

essful attachment of serum antibodies to the bacte-

ial surface LPS. The absence of green fluorescence co-

ocalization in strains BPC001 and BPC007 with anti-

enotype A mouse serum, and BPC006 and BPC010

ith anti-genotype B mouse serum, implied the fail-

re of serum antibodies to bind to the bacterial sur-

ace LPS. Strains BPC006 and BPC010 (LPS genotype

) were seroreactive with the antibody from mice im-

unized with genotype A. By contrast, strains BPC001,

PC004, and BPC007 (LPS genotype B) were serore-

ctive with the antibody from mice immunized with

enotype B. 
ectrophoresis of the serotyping PCR products. Lanes: 1, molecular size standard 

R amplicons from O-antigen biosynthesis gene targets were differentiated by 
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Fig. 2. Differences in the LPS phenotypes of B. pseudomallei isolates. (A) Silver-stained SDS-PAGE of different LPS phenotypes. Lanes: 1, molecular size standard; 

2, LPS genotype A; 3, LPS genotype B. (B) Gas chromatography-mass spectrometry (GC-MS) of derivatives treated with acetic anhydride and pyridine from LPS 

genotype A (BPC006) and genotype B (BPC004) B. pseudomallei isolates. 

Abbreviations : LPS, lipopolysaccharide; GC-MS, gas chromatography-mass spectrometry. 
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Table 2 

Clinical records of different LPS genotypes among the 169 B. pseudomallei iso- 

lates. 

Variables/LPS genotype a Genotype A Genotype B 

Total 154 15 

Sex 
Male 123 15 

Female 28 0 

Infection type 
Sepsis 47 6 

Lung infection 49 5 

Diabetes 35 9 

Specimen type 

Blood 93 11 

Sputum 20 3 

Pus 24 0 

Urine 5 0 

Outcome 
Cured 35 5 

Died 4 2 
.3. Geographic distribution and clinical records of LPS 

enotyping 

The 169 B. pseudomallei isolates were isolated from 19

rban regions of Hainan Province, China, as depicted in

able 1 . There were 2 exceptions, one isolate originat-

ng from Russia and another from Fujian Province, China.

oth LPS genotypes A and B were evenly dispersed in

oastal areas. Patients infected with B. pseudomallei LPS

enotype A and B were predominantly male, with all

atients carrying genotype B being male ( Table 2 ). The

ost common types of infections were sepsis and pul-

onary infections. Notably, diabetes, a primary under-

ying condition of infectious melioidosis, was frequently

eported as a significant risk factor [ 20 ]. Among the col-
able 1 

eographic distribution of B. pseudomallei isolates based on the LPS genotypes 

n China. 

District/LPS type Genotype A Genotype B 

Sanya 31 0 

Haikou 21 2 

Dongfang 18 0 

Danzhou 13 1 

Vanning 10 2 

Wenchang 11 0 

Ledong 10 1 

Lingshui 7 0 

Qionghai 5 1 

Baoting 4 0 

Chengmai 3 2 

Changjiang 3 5 

Anding 2 0 

Baisha 2 0 

Qiongshan 1 0 

Hunan 1 0 

Yangpu 1 0 

Neimonggu 1 0 

Russia 1 0 

Fujian 0 1 

Not known 9 0 

Total 154 15 

a Some information about patients was missing. 
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ected samples, blood was the most prevalent sample

ype, outnumbering the cases of septicemia, followed by

putum. Urine was the sample type for the genotype A

pecimen but did not constitute any of the genotype B

pecimens. Patient outcomes showed that all fatalities in-

olving genotype A were male patients with septicemia,

hereas deaths involving genotype B were males with

neumonia. 

. Discussion 

The closely related bacterium B. mallei , which causes

landers, is considered to be a clonal derivative of B. pseu-

omallei . In the past, B. mallei was detectable globally and

as used as a biological weapon in the World Wars with

erious consequences. The former Soviet Union report-

dly weaponized B. mallei and deployed it in Afghanistan

n the 1980s. However, since aggressive control measures

ere introduced in the early 20th century, glanders has

een eradicated in most countries, except in some parts



Molecular epidemiology of bacteria based on O antigens Infectious Medicine 3 (2024) 100150

Fig. 3. Specificity of sera antibodies against LPS 

genotype A and B strains. (A) Groups of 5 BALB/c 

female mice were immunized subcutaneously with 

50 μg of LPS genotype A or B at the indicated time 

points, with PBS being used as a control. The serum 

at week 6 was subjected to an ELISA. Antibody titers 

were calculated according to the ELISA binding sig- 

nals of 5 mice per group. Bars show the mean ± SEM. 

(B) Immunofluorescence of inactivated bacteria by 

specific polyclonal antibodies. Scale bar, 7.4 μm. 

Abbreviations : LPS, lipopolysaccharide. 
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t  
f North Africa, Asia, and Eastern Europe [ 21 ]. Both B.

allei and B. pseudomallei are designated as Tier 1 Se-

ect Agents by the Centers for Disease Control based on

heir high mortality rates, previous use as bioweapons,

llness severity via respiratory exposure, intrinsic antibi-

tic resistance, and the lack of a current vaccine. Dis-

ase symptoms range from acute septicemia to chronic
5

nfection. The facultative intracellular lifestyle of these

rganisms facilitates persistence among a broad variety of

osts [ 22 ]. 

The regional distribution of melioidosis in China not

niform, with the majority of recent cases reported in hos-

itals in Hainan Province, the country’s most southerly,

ropical region [ 6 ]. The recent surge in Hainan’s sta-
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us as a global tourist destination has heightened the at-

ention of local government and epidemiologists to the

isk of B. pseudomallei infection [ 6 ]. The geographic loca-

ion of Hainan Province accounts for its extreme weather

ariations, and melioidosis outbreaks have been corre-

ated with extreme weather events and seasonal tran-

itions [ 23 ]. Additionally, reports of travelers contract-

ng melioidosis while visiting endemic regions outside

ainan Province have garnered more focus on this dis-

ase, and the discovery of melioidosis cases outside of

ropical zones has triggered further concern [ 24 ]. The

rowing incidence of melioidosis highlights the urgent

eed to improve surveillance and prevention strategies.

-antigen-based molecular epidemiological studies pro-

ide a vital theoretical basis for future vaccine devel-

pment and use. We have previously reported on the

isk factors and antibiotic resistance of B. pseudomallei in

ainan Province [ 6 , 16 ]. The current study is the first re-

ort of molecular epidemiology based on the O-antigen

f B. pseudomallei in China, detailing an 11-year analysis

f 169 B. pseudomallei isolates in Hainan Province. 

Our findings revealed complete consistency between

he LPS genotypes and phenotypes of the 169 B. pseu-

omallei isolates through PCR and SDS-PAGE. Serologi-

al specificity also demonstrated that there was no cross-

eactivity between the 2 genotypes, A and B. In Southeast

sia and Australia, regional variations exist in the preva-

ence of LPS genotypes, with LPS genotype A being the

ost common, followed by LPS genotype B, whereas LPS

enotype B2 is rare among Australian strains [ 13 ]. Con-

istent with prior reports, LPS genotype A was also preva-

ent in Hainan Province, China (LPS A: 91.1%, LPS B:

.9%). In Australia, Darwin and its surrounding areas re-

orted the highest prevalence of LPS genotype A ( n = 660;

6% LPS A and 4% LPS B), while Katherine, Katherine re-

ote, and East Arnhem had the most cases of LPS geno-

ype B ( n = 79; 60% LPS A and 40% LPS B). Addition-

lly, 6 B. pseudomallei isolates of LPS genotype B2 were

iscovered in Australia. Phylogenomics revealed that 5

f the 6 LPS B2 genomes of “Top End ” origin (i.e., the

ppermost region of the Northern Territory of Australia)

lustered together, suggesting that LPS B2 is geographi-

ally limited [ 25 ]. The high prevalence of LPS genotype

 is also reflected in its widespread presence across many

losely related species, suggesting the possibility of hor-

zontal gene transfer among species [ 26 ]. However, it is

orth noting that the relationship between LPS genotype

nd clinical outcome remains unclear. Previous studies

ave shown that mortality, bacteremia, and septic shock

id not differ significantly between LPS genotypes A and

. Host risk factors and strain virulence differences may

e more important determinants of disease severity and

utcome [ 27 ]. Furthermore, in bacterial infections, the

ost bacterial response to LPS involves different signal-

ng pathways. Previous studies from our group showed
6

hat infection with an O-antigen-deficient mutant strain,

wbiI , resulted in rapid onset of endotoxic shock and sig-

ificant proinflammatory cytokine release in mice [ 28 ].

he mechanism of interaction between LPS and B. pseu-

omallei will be the subject of further investigation. 

LPS has proven to be a safe and effective antigen

andidate for vaccine development, as evidenced by the

icensed glycoconjugate vaccines for N. meningitidis, S.

neumoniae , and H. influenzae [ 29 ]. There are significant

ifferences in the molecular structures of LPS O-antigen

mong the 3 serotypes of B. pseudomallei [ 13 ]. The struc-

ure of LPS genotype A was identical or highly similar to

hat of the reference strain 1026b [ 30 ], whereas that of

PS genotype B was distinct and complex. Our prior re-

earch provided new information on the molecular struc-

ure of the type B O-antigen of B. pseudomallei [ 31 ]. Im-

ortantly, understanding the molecular structures of di-

erse O-antigen types allows us to assess the phenotypic

ffects of this genetic diversity. Further investigations are

eeded for structural analysis of the O-antigen types B and

2. Owing to structural differences in the O-antigen, an-

ibodies from various LPS genotypes (genotypes A and B)

o not cross-react with each other. This has implications

or developing an LPS-based vaccine. In regions where

oth LPS genotype A and B strains are present, a vaccine

trategy based solely on LPS genotype A is unlikely to pro-

ide adequate protection. Therefore, the genetic finger-

rints of the LPS genotypes must be determined before

eveloping LPS vaccines [ 25 ]. 

In our study, the majority of the melioidosis cases were

n Sanya and Haikou cities, 2 well-known tourist desti-

ations in the north and south of Hainan Province. As

oastal cities, they are more vulnerable to unpredictable

eather changes, which can contribute to the spread of

athogens through water and air [ 32 ]. Our patient pop-

lation comprised significantly more men than women,

onsistent with the characteristics of melioidosis. Men

ho work outdoors or with soil or water have previously

een identified as high risk for melioidosis [ 33 ]. Accord-

ng to our findings, pneumonia and septicemia were the

ost common manifestations of the disease, as described

reviously [ 1 ]. Furthermore, diabetes mellitus was iden-

ified as the most prevalent preexisting condition among

elioidosis patients [ 34 ]. 

The limitations of our study were as follows. Our

ingle-center epidemiological survey of B. pseudomallei

annot accurately represent the prevalence in Hainan

rovince. In addition, the small number of LPS genotype

 isolates may generate statistical deviation. Similarly,

he lack of clinical information on outpatients may have

mpacted statistical accuracy. Nonetheless, our work pro-

ides insight into the molecular characteristics correlat-

ng with the O-antigen of B. pseudomallei and may con-

ribute to the prevention and control of B. pseudomallei in

n important endemic area of China. 
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. Conclusion 

This is the first report on the molecular epidemiology

f B. pseudomallei based on O-antigen in China. A total of

69 isolates were collected from Hainan Province, China

uring 2004 and 2016, with 91.1% being of LPS geno-

ype A and 8.9% being of LPS genotype B. We further

onfirmed the discrepancies in molecular structure and

erological specificity of B. pseudomallei between the dif-

erent LPS genotypes, offering a theoretical basis for the

urther development of different types of LPS-based vac-

ines. Given the recent increase in cases of melioidosis,

he study of molecular epidemiology-based O-antigen is

f upmost importance for the development and applica-

ion of future vaccines. 
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