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A B S T R A C T   

Establishing a diagnosis of melioidosis based on clinical grounds is difficult in hospitalized patients with sepsis or 
community acquired pneumonia (CAP). We aimed to ascertain the prevalence, clinico-epidemiological and 
laboratory profile of melioidosis in hospitalized patients with sepsis or CAP, and to evaluate the diagnostic utility 
of rapid lateral flow immunoassay (LFI) and PCR in comparison with culture. In all patients with sepsis or CAP, 
blood, sputum/throat swab, and urine sample were subjected to culture along with other samples based on 
clinical presentation. In addition, PCR assay targeting the type III secretion system 1 (TTS1) and LFI was per-
formed. Thirty-three (33/196, 17%) out of the total 196 cases were diagnosed as melioidosis by culture. The 
prevalence of melioidosis in patients who had only sepsis without CAP, had both sepsis and CAP, had CAP 
without sepsis was 31% (26/84), 22 % (4/18) and 3%(3/94) respectively. 

All the LFI or PCR positive cases were culture positive from at least one or more samples (blood/sputum/ 
urine/pus). The sensitivity, specificity, positive predictive value and negative predictive value of TTS1 PCR was 
78% (18/23 melioidosis patients), 100% (34/34 non-melioidosis patients), 100% (18/18 melioidosis patients) 
and 87% (34/39 non-melioidosis patients). The sensitivity, specificity, positive predictive value and negative 
predictive value of Rapid LFI was 91% (21/23 melioidosis patients), 100% (22/22 non-melioidosis patients), 
100% (21/21 melioidosis patients) and 91% (22/24 non-melioidosis patients). On sample wise stratification of 
LFI and TTS1 with respect to culture, plasma/serum samples showed the highest discordance by PCR (9/55, 
16.3%) and LFI (11/35, 31.4%). The lowest discordance was noted in respiratory tract samples (2/32, 6.2%) by 
PCR and pus/body fluids samples (2/14, 14.2%) by LFI and these findings are in line with previous published 
literature. The clinical utility of PCR and LFI needs to be further validated in a large scale study for early 
diagnosis of septicaemic melioidosis.   

1. Introduction 

Current estimates indicate that the geographic distribution of 
melioidosis, caused by Burkholderia pseudomallei, may be far wider than 
traditionally hyper-endemic north-east provinces of Thailand and the 

top end of the Northern Territory of Australia, with Indian subcontinent 
being predicted to contribute to many undiagnosed cases (Gassiep and 
Armstrong, 2020). In North-east Thailand, melioidosis accounts for 20% 
of community-acquired septicaemia which further accounts for 39% of 
total fatal septicaemias and 36% of fatal CAP (Currie, 2003). At the 
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Royal Darwin Hospital in the Northern Territory of Australia, melioi-
dosis is the most common cause of fatal bacteremic CAP (Currie, 2003). 
In India, between January 1991 and March 2018, about 583 melioidosis 
cases were reported from different parts of India, with 80% of the re-
ported cases are from southwestern Karnataka and Tamil Nadu, with 
septicemia and pneumonia being the most common cause of hospitali-
zation (Mukhopadhyay et al., 2018). Odisha, one of the eastern coastal 
states of India has reported more than hundred cases of melioidosis over 
the last five years, speculating another major hidden focus of melioidosis 
in India (Mohapatra et al., 2019). The case fatality rate of septicemic 
melioidosis can be as high as 54% and is strongly correlated with 
absence of prompt diagnosis and appropriate treatment. (Domthong 
et al., 2016) 

Culture, with a sensitivity of about 60% estimated by a statistical 
model, is still regarded as the gold standard, against which all new 
diagnostic assays are evaluated (Limmathurotsakul et al., 2010). As 
culture demands up to five or more days for a final diagnosis, recent 
studies have focused on rapid detection of B. pseudomallei directly from 
clinical samples. PCR assays with high specificity for B. pseudomallei 
have been evaluated, with the Type III Secretion System 1 (TTS1) gene 
cluster being the most promising assay target (Wiersinga et al., 2018). 
Recent studies have also shown promising results for antigen detection 
using lateral flow immunoassay (LFI), which is rapid (result within 15 
minutes) and easy to perform point of care test that detects the 
B. pseudomallei capsular polysaccharide antigen directly from various 
clinical samples (Woods et al., 2018). 

We planned this prospective, observational study for a detailed un-
derstanding of the clinico-microbiological profile of systemic melioi-
dosis presenting with sepsis or pneumonia. We also envisaged to 
compare the diagnostic utility of LFI and TTS1 PCR in various samples 
for the diagnosis of melioidosis in patients hospitalized with sepsis and 
pneumonia, taking culture as the gold standard reference test. 

2. Material and methods 

2.1. Study settings 

A prospective, observational study was conducted in the Department 
of Microbiology, in collaboration with the Departments of General 
Medicine and Pulmonary Medicine & Critical Care of a tertiary care, 
teaching hospital (All India Institute of Medical Sciences, Bhubaneswar, 
Odisha, India) from July 2018 to March 2020. 

2.2. Patient recruitment 

A total of 196 hospitalized patients with clinical suspicion of sepsis or 
CAP were included in the study after obtaining informed written con-
sent. Standard published definitions of sepsis and CAP were used for 
patient enrolment. 

Sepsis was defined as per the SCCM and ESICM Third International 
Consensus Definitions for Sepsis and Septic Shock 2016 (Singer et al., 
2016). Suspected or documented infection along with an increase in 
SOFA score by 2 or 2 out of 3 qSOFA criteria for out-of-ICU patients was 
used to recruit community-acquired sepsis patients. Patients with 
community-acquired pneumonia were recruited as per published 
guidelines, as described below (Gupta et al., 2012).  

• Symptoms of an acute lower respiratory tract illness (cough, purulent 
sputum, pleuritic chest pain)  

• Focal chest signs on examination  
• At least one systemic feature (either a symptom complex of sweating, 

fevers, shivers, aches and pains or temperature of 38 ◦C or more)  
• Alveolar infiltrates on chest radiograph within 48 h of admission 

2.3. Sample collection 

In all patients with suspected sepsis or CAP, blood, sputum/throat 
swab, and urine sample were collected simultaneously before the 
administration of empirical antimicrobials as per hospital policy. All 
patients were subjected to Chest X-ray, USG/CT scan wherever required 
for patient management. Pus from any internal organ abscesses, endo-
tracheal aspirate, broncho-alveolar lavage (in mechanically ventilated 
patients), samples from any superficial skin lesions (if present) and body 
fluid specimens such as pleural/pericardial/peritoneal/synovial fluids 
were also collected (wherever clinically indicated). Arterial and venous 
blood were collected for non-microbiological tests like arterial blood gas 
analysis, complete/differential blood count, renal/liver function tests, 
blood sugar levels, etc., as per standard management protocol of sepsis 
or CAP. 

2.4. Microbiological tests 

2.4.1. Microscopy 
Direct Gram staining was performed on all samples except blood and 

urine sample. Ziehl-Neelsen staining was done on respiratory tract 
samples and pus/body fluids to look for acid-fast bacilli. 

2.4.2. Culture 
Blood culture bottles were incubated for five days in the automated 

blood culture system (BD BACTEC™ Plus Aerobic medium, Becton, 
Dickinson and Company, Sparks, MD 21152 USA). Gram staining was 
done from the blood culture bottles flagging positive signal, and the 
finding was informed to the clinician. Subcultures were performed on to 
5% sheep blood agar (SBA) and MacConkey agar. Sterile body fluid 
samples were inoculated on 5% SBA and MacConkey agar. Sputum/ 
endotracheal aspirate, pus and wound swab were inoculated on Ash-
down agar (MORU SOP, 2015) in addition to 5% SBA and MacConkey 
agar. The inoculated culture plates were incubated at 37◦C aerobically 
(MacConkey agar, Ashdown agar), and with 5-10% CO2 (Blood agar) for 
at least five days before being declared as culture negative. 

2.4.3. Processing of urine sample (Limmathurotsakul et al., 2005) 
Using a sterile calibrated loop, one μl of fresh, uncentrifuged urine 

was streaked onto one half each of a MacConkey agar plate and an 
Ashdown agar plate. The remaining urine sample was centrifuged at 
3,000 rpm for 5 min, excess supernatant was removed, and the pellet 
was cultured on another half of MacConkey agar and Ashdown agar 
plate. The plates were incubated at 37 ◦C for 5-7 days. Colony count of 
103 CFU/ml and above was considered as significant. 

2.4.4. Identification of B. pseudomallei 
Suspected B. pseudomallei colonies (Dry, wrinkled with metallic 

sheen) were identified by the following tests (Limmathurotsakul et al., 
2010)  

• Absence of hemolysis on blood agar  
• Bipolar staining on Gram stain  
• Oxidase-positive, Indole negative  
• Nitrate reduction to nitrites  
• Arginine dihydrolase positive  
• Susceptibility to amoxicillin clavulanic acid (zone of inhibition ≥18 

mm surrounding a 20/10 mg amoxicillin-clavulanic acid disk)  
• Resistance to gentamicin, colistin or polymyxin B (showing no zone 

of inhibition surrounding 10-μg colistin or polymyxin B 300-unit 
disk)] 

Colony Identification was confirmed by antigen detection using 
Active Melioidosis DetectTM LFI (InBios International Inc. USA) and 
conventional PCR targeting TTS1 gene in selected isolates. 

A. Radhakrishnan et al.                                                                                                                                                                                                                       



Acta Tropica 221 (2021) 105994

3

2.4.5. Direct detection in clinical samples 
Plasma, Serum, respiratory tract specimens and urine specimens 

were stored at -70 ◦C for LFI and TTS1 PCR. 
a) Lateral flow immunoassay (LFI): Direct detection of capsular 

polysaccharide in sputum, urine, pus, body fluids, and serum was done 
in using Active Melioidosis DetectTM (Lot #: XC1230, WL1059, Manu-
factured in the USA by InBios International, Inc., Part no:800245) first 
generation LFI the as per the manufacturer’s instructions. The test result 
was read after 15 min. The test was considered positive when a control 
line and test line appeared in the strip. A faint line was also considered as 
positive test. The test was considered negative when only the control 
line appeared and invalid if no control line appeared regardless of a test 
line (Woods et al., 2018). [Fig.1 a & b] 

b) Conventional-PCR targeting a Type III secretion system gene 
cluster 1 (TTS1) DNA extraction from clinical specimens was performed 
using QiaAMP DNA mini kit and extracted DNA was stored at -20 ◦C till 
further tested. Conventional-PCR targeting a Type III secretion system 
gene cluster (TTS1) was done using oligonucleotide primers (Forward 
primer: 5’-CTTCAATCTGCTCTTTCCGTT3’and Reverse primer: 5’- 
CAGGACGGTTTCGGACGAA-3’) (Tellapragada et al., 2017). The PCR 
reaction mix consisted of a final reaction volume of 25 µL containing 5 
µL of template DNA, 1 unit of Taq DNA polymerase, 1x PCR buffer, 200 
µM each of dNTPs and 500 nM of each oligonucleotide primer. Ampli-
fication was done with an initial denaturation step at 95 ◦C for 30 s, 
60 ◦C seconds for 30 s and 72 ◦C for 30 s for 35 cycles and a final 
extension step at 72 ◦C for 2 min (Tellapragada et al., 2017). Product 
(548bp) was visualized by 1.5% agarose gel electrophoresis, stained 
with ethidium bromide and UV illumination. 

2.4.6. Antimicrobial susceptibility testing (E-test method) 
Minimum Inhibitory concentration (MICs) of Ceftazidime, Mer-

openem, Imipenem, Cotrimoxazole, Amoxicillin- clavulanate and 
Doxycycline (HiMedia Lab Pvt Ltd, Mumbai, India) were determined by 
E-test as per the manufacturer’s instructions. Susceptibility was assessed 
using MIC breakpoint values according to CLSI M45 (CLSI 2015). 

2.5. Ethics approval 

This study was approved by the Institutional Ethics Committee of All 
India Institute of Medical Sciences, Bhubaneswar, Odisha, India(Ref 
Number: IEC/AIIMS BBSR/PG Thesis/2018-19/13). 

3. Results 

Of the 196 hospitalized patients with clinical suspicion of sepsis or 
CAP enrolled during the study period within 0-1 days of admission, 
ninety-four (48%, 94/196) patients had CAP without sepsis, Eighty-four 
(43%, 84/196) patients had community-acquired sepsis and 18 patients 
(9%, 18/196) had both CAP and sepsis. Thirty-three out of the total 196 
patients (17%, 33/196) were diagnosed as melioidosis, taking culture as 
the gold standard reference test. Thus, the prevalence of melioidosis was 
highest in patients who had only sepsis without CAP (31%, 26/84), 
followed by both sepsis and CAP (22%,4/18) and was lowest (3%, 3/94) 
in patients who had CAP without sepsis. 

3.1. Demographic data of the patients with melioidosis 

The median age of melioidosis patients was 48 years (4-75 years). 

The male to female ratio was 24:9. Melioidosis cases were seen 
throughout the year, but most of the cases were seen during the 
monsoon and post-monsoon season. Out of the total 33 cases, 26 cases 
presented between June-November. Of the total 33 cases, Eight patients 
(24%, 8/33) were farmers, and in the rest, there was a representation of 
every population group including housewives (n = 5), school children 
(n = 2), businesspersons (n = 4), drivers (n = 2), white-collar workers 
including officers and teachers (n = 5) and blue-collar workers (n = 7, 
including laborers and construction workers). Out of the 33 cases, 16 
cases were from various coastal districts of Odisha. 

3.2. Clinical and laboratory characteristics of patients 

The comparison of clinical and laboratory characteristics of the 
melioidosis and non-melioidosis patients is depicted in Table 1. The 
prevalence of diabetes was more in the melioidosis group compared to 
the non-melioidosis group (p = 0.002). Among the hematological pa-
rameters, the median hemoglobin level (9.5 mg/dl) and platelet count of 
melioidosis cases (219 × 103/mm3) was lower compared to non- 
melioidosis cases (10.9 mg/dl, 309 × 103/mm3), (p = 0.001 and 0.004 
respectively). On admission median SOFA (Sequential Organ Failure 

Fig. 1. a- AMD-LFI strip showing positive test; 1b- negative test result.  

Table 1 
Comparison of clinical and laboratory characteristics of the melioidosis and non- 
melioidosis patients.  

Characteristics Non-melioidosis 
(n ¼ 163) 

Melioidosis 
(n ¼ 33) 

p-value (<0.05 
significant) 

Median age (yr) 
(Range) 

50 (8-89) 48 (4-75) 0.43 

Sex (M/F) 106/57 24/9 0.60 
Risk factors 
Diabetes mellitus 32 (20%) 15 (45%) 0.002 
Alcoholism 38 (23%) 11 (33%) 0.29 
Chronic kidney disease 2 (1%) 1 (3%) 0.15 
Sickle cell disease 1 (0.6%) 1 (3%) 0.23 
Symptoms & Signs 
Fever 110 (67%) 30 (91%) 0.24 
Tachypnoea (≥24/ 

min) 
121(74%) 27 (82%) 0.04 

Tachycardia 
(≥100bpm) 

82 (50%) 19 (57%) 0.08 

SBP ≤100mmHg 81 (50%) 25 (76%) 0.004 
Laboratory investigations 
Hemoglobin(g/dl); 

median (IQR) 
10.9 (2.4-16.3) 9.5 (4.3-12) 0.001 

TLC(x103/mm3); 
median (IQR) 

13.2 (2.2- 36) 12.5 (1.3- 
33.5) 

0.24 

Platelet count (x103/ 
mm3); median (IQR) 

309 (50-856) 219 (19-646) 0.003 

B. Urea (mg/dl); 
median (IQR) 

32 (9-146) 26 (9-445) 0.34 

S. Creatinine (mg/dl); 
median (IQR) 

0.9 (0.5-43) 0.9 (0.5-14.8) 0.73 

AST (IU/ml); median 
(IQR) 

34 (7-1850) 44 (15-407) 0.27 

ALT (IU/ml); median 
(IQR) 

33 (5-2760) 31 (8-205) >0.99 

T. bilirubin (mg/dl); 
median (IQR) 

0.9 (0.3-6.1) 0.9 (0.4-10.7) 0.87 

Median SOFA score 3 4 0.009 
Median qSOFA score 1 2 <0.001 

(TLC = Total leukocyte count, AST = Aspartate transaminase, ALT = Alanine 
transaminase, IQR = Interquartile range). 
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Table 2 
The Clinical features, treatment, final outcome and microbiological details of 33 culture confirmed melioidosis cases.  

Patient 
ID 

Age Sex Clinical features on 
admission 

SOFA qSOFA Samples Culture PCR LFI Treatment Outcome 
Intensive 
phase 

Continuation 
phase 

1 53 M Sepsis/liver abscess  2 Blood Pos NA NA Ceftazidime Co-trimoxazole Alive 
Respiratory Neg NA NA 
Urine Neg NA NA 
Pus NA NA NA 

2 19 M Sepsis/Pneumonia/Aplastic 
anemia  

2 Blood Pos Pos Pos Ceftazidime Co-trimoxazole Alive 
Respiratory Neg Pos Pos 
Urine Neg Neg Neg 
Pus NA NA NA 

3 11 M SLE/Acute kidney injury/ 
Sepsis 

5  Blood Pos NA NA - - Expired 
Respiratory Neg NA NA 
Urine Neg NA NA 
Pus NA NA NA 

4 57 M Sepsis/Carcinoma of 
hypopharynx on 
chemotherapy 

4  Blood Pos NA NA Meropenem - Expired 
Respiratory Neg NA NA 
Urine Neg NA NA 
Pus NA NA NA 

5 33 M Sepsis/Pneumonia/Psoas 
abscess/Hansen’s disease  

2 Blood Pos Pos Pos Ceftazidime Co-trimoxazole Alive 
Respiratory Neg NA NA 
Urine Neg Neg Pos 
Pus Pos Pos Pos 

6 4 F Fever for evaluation/Acute 
leukemia  

2 Blood Pos Neg Neg Meropenem Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Neg Neg Pos 
Bone 
marrow 

Pos NA NA 

7 42 M Ruptured Liver abscess/ Right 
pleural effusion/ splenic 
abscess  

2 Blood Neg Pos Pos Meropenem Co-trimoxazole Recurrence 
Respiratory Neg NA NA 
Urine Neg Neg Neg 
Pus Pos Pos Pos 

8 30 M Sepsis  2 Blood Pos Neg Neg Ceftazidime Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine NA NA NA 
Pus NA NA NA 

9 28 M Sepsis/Splenic abscess  2 Blood Pos Neg Pos Meropenem Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Neg Neg Neg 
Pus Pos Pos Neg 

10 48 M Splenic abscess/ Sepsis  2 Blood Neg Neg Pos Ceftazidime Co-trimoxazole Alive 
Respiratory Neg NA NA 
Urine Neg Pos Neg 
Pus Pos Pos Pos 

11 41 M Liver abscess  2 Blood Pos Neg Pos Meropenem Co-trimoxazole Alive 
Respiratory Neg NA NA 
Urine Neg Pos Neg 
Pus Pos Pos Pos 

12 58 M Right LL mass for evaluation/ 
Pneumonia  

1 Blood Neg Neg Pos Ceftazidime Co-trimoxazole Alive 
Respiratory Pos Pos Pos 
Urine Neg NA Pos 
Pus NA NA NA 

13 61 F AKI/lymphangitis 
carcinomatous/sepsis  

2 Blood Pos Neg Pos Ceftazidime Co-trimoxazole Alive 
Respiratory Neg NA NA 
Urine Neg Pos Pos 
Pus NA NA NA 

14 75 M Fever/Sepsis  2 Blood Pos NA NA - - Left against 
medical advice Respiratory NA NA NA 

Urine NA NA NA 
Pus NA NA NA 

15 52 M Fever/Sepsis  2 Blood Pos NA NA - - Left against 
medical advice Respiratory NA NA NA 

Urine NA NA NA 
Pus NA NA NA 

16 68 F Sepsis/SCC of esophagus  2 Blood Pos NA NA - - Expired 
Respiratory NA NA NA 
Urine NA NA NA 
Pus NA NA NA 

17 32 M Fever/sepsis  2 Blood Pos Pos Neg Ceftazidime Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Neg Neg Pos 
Pus Pos Pos Pos 

18 55 M ?Tb meningitis/sepsis 5  Blood Pos NA NA Ceftazidime Co-trimoxazole Expired 
Respiratory Neg NA NA 
Urine NA NA NA 

(continued on next page) 
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Assessment) score and median qSOFA (quick SOFA) score was higher in 
melioidosis cases compared to non- melioidosis cases, (p = 0.009, and p 
= <0.001 respectively). 

Out of thirty-three laboratory-confirmed melioidosis, seven cases 
succumbed to the illness (7/33, 21%). The various risk factors were 
compared between the survivors and non-survivors and on bivariate 
analysis, there was no significant association of specific risk factors 
(diabetes mellitus, alcoholism, chronic kidney diseases, malignancy, or 
bacteremia) or with mortality. 

The focus of infection could not be ascertained in 15 bacteremic 
cases (15/33, 45%). Of the rest 18 culture-confirmed melioidosis cases, 
11 were bacteremic cases. Of these 11 bacteremic isolates, four had 
underlying pneumonia, two had liver abscess and the rest five cases 
were one each of splenic abscess, psoas abscess, multi-organ abscess, 
septic arthritis and mediastinal lymph node abscess. Out of the seven 
non-bacteremic cases, three had underlying pneumonia, and one each 
had underlying other deep organ abscesses. 

Table 2 (continued ) 

Patient 
ID 

Age Sex Clinical features on 
admission 

SOFA qSOFA Samples Culture PCR LFI Treatment Outcome 
Intensive 
phase 

Continuation 
phase 

Pus NA NA NA 
19 66 M Mediastinal LN/Pneumonia  1 Blood Pos Pos Pos Meropenem Co-trimoxazole Alive 

Respiratory Neg Neg Neg 
Urine Neg Neg Pos 
Pus Neg Pos Pos 

20 45 M Sepsis/Medisatinal LN  2 Blood Pos Pos Neg Meropenem Co-trimoxazole Alive 
Respiratory Pos Pos Pos 
Urine Neg Pos Pos 
Pus NA NA NA 

21 31 M Rt middle lobe pneumonia  1 Blood Neg Neg Neg Ceftazidime Co-trimoxazole Alive 
Respiratory Pos Pos Neg 
Urine Neg Pos Pos 
Pus NA NA NA 

22 58 M Fever for evaluation  2 Blood Pos Neg Neg Ceftazidime Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Neg Neg Pos 
Pus NA NA NA 

23 34 F Liver abscess/Sepsis 4  Blood Neg NA NA Ceftazidime Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Neg Neg Neg 
Pus Pos Pos Pos 

24 73 M Sepsis/Pneumonia/ ? 
meningitis  

2 Blood Pos NA NA Meropenem - Expired 
Respiratory NA NA NA 
Urine Neg Neg Neg 
Pus NA NA NA 

25 26 F Sepsis/?meningitis 4  Blood Pos NA NA Meropenem - Expired 
Respiratory NA NA NA 
Urine NA NA NA 
Pus NA NA NA 

26 40 F MI/AKI/Sepsis/B/l ureteric 
calculi 

4  Blood Neg NA NA - - Expired 
Respiratory Pos Pos Pos 
Urine Neg NA NA 
Pus NA NA NA 

27 65 F Severe CAP/ sepsis  2 Blood Pos Pos Neg Ceftazidime Co-trimoxazole Alive 
Sputum NA NA NA 
Urine Neg Neg Neg 
Pus NA NA NA 

28 32 M PUO/sepsis  2 Blood Pos NA NA - - Left against 
medical advice Respiratory NA NA NA 

Urine NA NA NA 
Pus NA NA NA 

29 48 M Lt middle lobe pneumonia  1 Blood Pos Pos Neg Ceftazidime Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Neg Neg Neg 
Pus NA NA NA 

30 55 M Septic arthritis/MODS  2 Blood Pos NA NA Ceftazidime Co-trimoxazole Alive 
Respiratory Neg Pos Neg 
Urine NA NA NA 
Pus Pos Pos Pos 

31 75 F PUO/Severe anemia/Left 
hydronephrosis/Pulm 
nodules/Aortic aneurysm  

2 Blood Neg Neg Neg Ceftazidime Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Pos Pos Pos 
Pus NA NA NA 

32 52 F PUO/Anemia/sepsis  2 Blood Pos Neg Pos Meropenem Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Neg Neg Neg 
Pus NA NA NA 

33 40 F Multiple Liver and spleen 
abscess  

2 Blood Pos Neg Neg Ceftazidime Co-trimoxazole Alive 
Respiratory NA NA NA 
Urine Neg Neg Pos 
Pus NA NA NA 

(NA- Not available for testing, Pos- Positive, Neg- Negative). 
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3.3. Treatment and outcome of the melioidosis cases 

Seventeen out of 33 patients (17/33, 51%) received ceftazidime, and 
13 (13/33, 39%) patients received meropenem intravenously for two 
weeks of intensive therapy. Three out of seven expired before the 
initiation of therapy and three cases during intensive phase with mer-
openem and one case during intensive phase treatment with ceftazi-
dime. Of the seven deceased cases, five septicemic cases had bacteremia 
without focus, and two cases had pneumonia with sepsis. Two of these 
patients had underlying malignancies (carcinoma of the hypopharynx 
and squamous cell carcinoma of the oesophagus) and were under 
chemotherapy. Co-trimoxazole was given for eradication therapy in all 
twenty- seven patients who survived the acute phase of illness. There 
was one case of liver abscess which had a recurrence after completion of 
eradication therapy. 

3.4. Comparison of different diagnostic methods used in the study 

Blood culture was done from 196 patients enrolled in the study. The 
number of other samples (sputum/throat swab, urine and pus) subjected 
to culture are depicted in Fig. 2. Thirty-three (33/196, 17%) patients 
were diagnosed as culture confirmed melioidosis based on culture pos-
itivity from any of the samples. The number of various samples subjected 
to LFI and PCR and the corresponding positivity (n, %) are also shown in 
Fig. 2. There were forty B. pseudomallei isolates from 33 culture- 
confirmed melioidosis cases. Most of the isolates of B. pseudomallei 
were isolated from blood (26/40, 65%) followed by pus samples (9/40, 
22%). Four isolates (4/40, 10%) were recovered from respiratory tract 
specimens, whereas, there was only one isolate (1/40, 2%) from urine 
culture. In seven cases, positive blood culture was accompanied by 
positive cultures from pus (n = 4), and one each from sputum, synovial 
fluid, bone marrow aspirate. 

All the LFI or PCR positive cases were culture positive from at least 
one or more samples (blood/sputum/urine/pus). For the purpose of 
calculation of sensitivity, specificity, positive and negative predictive 
values of TTS1 PCR and LFI taking culture as the reference test, test 
positive from any of the samples from a single patient were considered 
as positive. Thus, sensitivity, specificity, positive and negative predic-
tive values of TTS1 PCR and LFI were calculated in a total of 57/196 and 
45/196 patients respectively including 23 melioidosis cases (10 
melioidosis cases were excluded as the samples were not available for 
LFI and PCR). The sensitivity, specificity, positive predictive value and 
negative predictive value of TTS1 PCR was 78% (18/23 melioidosis 

patients), 100% (34/34 non-melioidosis patients), 100% (18/18 
melioidosis patients) and 87% (34/39 non-melioidosis patients) 
(Table 3). 

The sensitivity, specificity, positive predictive value and negative 
predictive value of Rapid LFI was 91% (21/23 melioidosis patients), 
100% (22/22 non-melioidosis patients), 100% (21/21 melioidosis pa-
tients) and 91% (22/24 non-melioidosis patients) (Table 4). 

The sensitivity of TTS1 PCR and LFI were 78% and 91% respectively 
for the diagnosis of melioidosis, taking culture as the reference test. 
Though the number of positive cases were less, we tried to analyse 
sample was discordance of TTS1 PCR and LFI with respect to culture, to 
determine the suitability of these tests sample wise. The sample wise 
discordance in results of TTS1 PCR and LFI compared to culture in 
melioidosis patients are tabulated in Tables 5 and 6. 

Plasma/serum samples showed the highest discordance by PCR (9/ 
20, 45%) and LFI (11/20, 55%), respectively. The lowest discordance 
was noted in pus/body fluids samples by both PCR (1/9, 11%) and LFI 
(2/9, 22%). 

3.5. Antimicrobial susceptibility profile of B. pseudomallei isolates 

The antimicrobial susceptibility pattern showed that all the forty 
isolates of 33 culture-confirmed melioidosis cases were susceptible to 
ceftazidime, imipenem, co-trimoxazole, amoxicillin-clavulanate and 
doxycycline Meropenem resistant isolates were obtained from two 
different patients from sample cultured immediately after admission 
(one isolate from pus and other from blood) without prior history of 
carbapenem therapy. Resistance was tested and re-tested by E-test and 
both isolates had MIC >32 µg/ml. Disc diffusion method was also per-
formed and there was no zone of inhibition. In both isolates, imipenem 
was sensitive (MIC = 0.19 and 0.25 µg/ml). Imipenem (MIC50- 0.19 μg/ 
mL) was more active against B. pseudomallei isolates than meropenem 
(MIC50- 2 μg/mL). 

Fig. 2. No of samples subjected to Culture, LFI and PCR with corresponding positivity.  

Table 3 
Comparison of TTS1 PCR with culture.  

Test Culture from any sample 
Positive Negative 

PCR from any sample Positive 18 0 
Negative 5 34  

23 34  
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4. Discussion 

In the present study which enrolled a total of 196 hospitalized pa-
tients presenting with community-acquired sepsis or CAP between July 
2018-March 2020, the prevalence of melioidosis in patients who had 
only sepsis without CAP, had both sepsis and CAP, had CAP without 
sepsis were 31% (26/84), 22% (4/18) and 3% (3/94) respectively. 
Isolation of Burkholderia pseudomallei from approximately 31% cases 
of community-acquired sepsis in our study matches with that of tradi-
tionally endemic countries like the tropical northern territory of 
Australia and Thailand. Melioidosis accounted for 32% of community- 
acquired sepsis in tropical Australia in a one-year prospective study 
and 19% cases of community-acquired sepsis in a recent six-year mul-
ticentre surveillance study in Northeast Thailand (Douglas et al., 2004; 
Kanoksil et al., 2013). In India, approximately 80% of the melioidosis 
cases are reported from the southern coastal region of Karnataka and 
Tamil Nadu, with majority patients presenting with bacteremia and 
pneumonia (Shaw et al., 2019; Vidyalakshmi et al., 2012; Koshy et al., 
2019). In our study, Burkholderia pseudomallei was isolated from 3% 
(3/94) of cases of CAP without sepsis. Isolated pulmonary involvement 
was thus relatively uncommon, though sepsis with underlying CAP had a 
22% (4/18) isolation rate. This finding is also in line with a recently 
published study from Vellore, where bacteremia was more common 
compared to respiratory involvement in patients presenting with acute 
septicemic melioidosis (80% vs 39%) (Mukhopadhyay et al., 2018). 

The median age of patients of culture-confirmed melioidosis in our 
study was 48years (4-75 years) with male gender predisposition. The 
male gender predisposition in the age range of 45-55 years is noted in 
most endemic countries, including India (Vidyalakshmi et al., 2012; 

Currie et al., 2010). Male gender predisposition is attributed to frequent 
outdoor activities, contact with soil as well as inequality in access to 
health care among females. In our study, the majority of the cases (79%, 
26/33) of culture-confirmed melioidosis presented in monsoon and 
post-monsoon season. Most of the published studies from India and 
outside India have described the maximum number of cases during the 
monsoon and post-monsoon period (Vidyalakshmi et al., 2012; Currie 
and Jacups, 2003; Ratchatani and Centre, 1994; Behera et al., 2019). In 
the study by Vidyalakshmi et al. in the western coastal region of India, 
72% of patients presented from June to September, coinciding with the 
southwest monsoon season (Vidyalakshmi et al., 2012). In a previous 
study from our institute, similar seasonality was noted. Bacteremic 
melioidosis cases were reported during monsoon and post-monsoon 
months (Behera et al., 2019). 

In our study, although there was a representation of every population 
group among cases of culture-confirmed melioidosis, farmers (8/33, 
24%) were commonly affected, and 48%(16/33) of cases were clustered 
along the coastal district of Odisha. In Thailand, farmers working in rice 
paddy fields constitute 81% of patients and a case-control study esti-
mated relative risk of 3.3 for agriculture as an occupation (Gassiep and 
Armstrong, 2020). In the study by Vidyalakshmi et al., 35% of the cases 
had exposure to soil. B. pseudomallei being a soil saprophyte, corre-
sponds to this finding (Vidyalakshmi et al., 2012). 

Individuals with DM have a 12-fold higher risk of acquiring melioi-
dosis after adjustment for age, sex and other risk factors (Wiersinga 
et al., 2018). In our study, DM was present in 45% (15/33) of 
culture-confirmed melioidosis cases compared to non-diabetics (p value 
= 0.002). In a recent review by Mukhopadhyay et al., association with 
DM was found in 50-100% of cases, except in one study from Pondi-
cherry, where 21% of melioidosis cases had underlying DM (Mukho-
padhyay et al., 2018). 

In our study, bacteremia without focus (15/33, 45%) constituted a 
major group of melioidosis cases. The higher proportion of bacteremia 
without focus(15/33,45%) may be due to any occult abscess which 
could have been missed due to lack of imaging studies in all patients. In a 
20-year prospective Darwin study, bacteremia without an evident clin-
ical focus was present in (11%) of cases (Currie et al., 2010). In sec-
ondary bacteremic cases where the focus is discernible, underlying 
pneumonia is common in 55-74% of cases (Gassiep et al., 2020). Similar 
to this in our study, the most common focus associated with bacteraemia 
was lungs (4/11, 36%) followed by liver. 

The case fatality rate of melioidosis ranges between 10–50%, and 
there is also region-specific variation. The mortality rate in our study 
was 21% (7/33). In India, authors from Karnataka, have reported the 
present rate of septicemic melioidosis related mortality to be low (12%) 
compared with that in Thailand (35%) and equivalent to that in 
northern Australia (14%) and Malaysia (15%) (Gassiep et al., 2020; 
Hinjoy et al., 2018). Another Indian study from Vellore demonstrated a 
decline in mortality from 17% to 15% over the last decade (Koshy et al., 
2019). The gradual decrease in mortality in India is attributed to 
increased awareness, early diagnosis and optimal management. 

In our study, the overall sensitivity of TTS1 PCR for the diagnosis of 
melioidosis was 78%. In an Indian study by Tellepragada et al, TTS1 PCR 
had 100% sensitivity and NPV with a specificity of 99% from non-blood 
clinical specimens (Tellapragada et al., 2017). Contrary to these find-
ings, a recently published study by Choi et al. among hospitalized pa-
tients, Sarawak, eastern Malaysia, the sensitivity of TTS1 PCR was less 
(39%) (Choi et al., 2020). In that study, TTS1 PCR was negative mainly 
in blood and body fluids which were culture positive. The bacterial load 
in B. pseudomallei bacteremia is low (≤ 1 colony-forming unit/ml), 
which is beyond the limit of detection of PCR. This explains the differ-
ence in sensitivity of TTS1 PCR in our study, and that of Choi et al. TTS1 
PCR specificity of 94% and NPV of 87%, was reported by Choi et al, 
whereas in our study TTS1 PCR had a specificity and NPV of 100%. 

In our study, the overall sensitivity of LFI for the diagnosis of 
melioidosis was 91%. LFI had an overall specificity and negative 

Table 4 
Comparison of lateral flow immunoassay (LFI) with culture.  

Test Culture from any sample 
Positive Negative 

LFI from any sample Positive 21 0 
Negative 2 22  

23 22  

Table 5 
Discordance in results of TTS1 PCR compared to culture in melioidosis patients 
(n = 33).  

Samples 
tested (n) 

Culture 
positive/ PCR 
negative 

Culture 
negative/ PCR 
positive 

Total Discordance 
(%) 

Plasma (20) 8 1 9 45% 
Urine (21) 0 6 6 28% 
Pus/body 

fluids (9) 
0 1 1 11% 

Respiratory 
(7) 

0 2 2 28% 

Total (57) 8 10 18 31%  

Table 6 
Discordance in results of LFI compared to culture in melioidosis patients (n =
33).  

Samples 
tested(n) 

Culture 
positive/ LFI 
negative 

Culture 
negative/ LFI 
positive 

Total Discordance 
(%) 

Serum (20) 8 3 11 55% 
Urine (21) 0 10 10 47% 
Respiratory 

(7) 
1 1 2 28% 

Pus/body 
fluids (9) 

1 1 2 22% 

Total (57) 10 15 25 44%  
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predictive value of 100%. LFI was demonstrated to have a sensitivity 
(85.7%), and negative predictive value (93.6%) with comparatively 
higher specificity (93.6%) in the study by Shaw et al, whereas a very low 
sensitivity (44%) with high specificity (98%) and NPV (89%) was shown 
by Choi et al. (Choi et al., 2020; Shaw et al., 2018). LFI detects capsular 
polysaccharide (CPS) of B. pseudomallei. The concentration of CPS 
secreted in various samples is different, and this may account for varying 
sensitivity and specificity of LFI in various samples (Choi et al., 2020). In 
the study by Rizzi et al., LFI had been demonstrated reduction of the 
time to presumptive diagnosis by a median of 23 h (Rizzi et al., 2019). 
LFI was marketed as a research-only use (RUO) test during our study 
period, and we also could not perform LFI immediately in all the sam-
ples. This hindered our ability to evaluate the ability of the test in 
reducing the turn-around time to reach the diagnosis and initiation of 
intensive therapy. 

Plasma/serum samples had the highest discordance by PCR (9/20, 
45%) and LFI (11/20, 55%) with respect to culture. Previous studies 
have also proved very low yield of these tests in blood samples. Rob-
ertson et al. showed a sensitivity of only 20% for the molecular method 
performed on plasma/serum (Robertson et al., 2015). Wongsuvan et al. 
showed a sensitivity of 31.3% for serum LFI and specificity was 98.8 % 
(Wongsuvan et al., 2018). The sensitivity and specificity of serum LFI 
was 25% and 98.9% in the study by Rizzi et al. (Rizzi et al., 2019). Our 
results are well comparable to these studies. 

The current study showed 100% (40/40) susceptibility of 
B. pseudomallei isolates to ceftazidime, imipenem, co-trimoxazole, 
amoxicillin-clavulanate, and doxycycline. The MIC50 (0.19 μg/mL) 
values of imipenem was lower than the MIC50 (2 μg/mL) values of 
meropenem. Resistance to meropenem was observed in two isolates (2/ 
40, 5%), which had MIC >32 µg/ml. In a recent Indian study by Shaw 
et al., which estimated the MIC of 69 clinical isolates of B. pseudomallei 
against ceftazidime, meropenem, trimethoprim-sulfamethoxazole and 
doxycycline, resistance was noted in only one isolate to doxycycline 
(Shaw et al., 2016). Higher MIC 50 values were observed for ceftazidime 
(MIC 50 = 1.5 μg/ml) among the isolates tested in the study by Shaw 
et al. (Wongsuvan et al., 2018). Co-trimoxazole remains the drug of 
choice in the maintenance phase. Resistance to co-trimoxazole varies 
from 3-10% in Australia to 15-30% in Thailand (Chatterjee et al., 2017; 
Piliouras et al., 2000). We did not encounter any co-trimoxazole resis-
tance in our study, and this matches the finding by Shaw et al. (Shaw 
et al., 2016). 

Our study had a few limitations. This study was conducted in a single 
tertiary care teaching and referral hospital of Odisha, and hence our 
results may not be generalized to entire Odisha. In most of the devel-
oping countries including India, there is no restriction on over the 
counter sale of antimicrobials, hence it becomes very difficult to obtain 
the exact details which and how many doses of antimicrobials were 
consumed by the patient himself/herself before admission which could 
have influenced the culture positivity rate. Another limitation was that 
during the study, detailed imaging workup could not be conducted in all 
patients; hence any hidden/occult abscess as a cause of bacteremia could 
not be ruled out in all cases. The most important limitation, however, is 
that PCR and LFI could be done on a limited number of samples due to 
resource constraints. Although the study was conducted prospectively, 
more than half of blood, respiratory and urine samples collected from 
non-melioidosis patients were not tested for LFI and PCR. Therefore, 
estimated positive predictive values and negative predictive values 
should be interpreted carefully as those values are based on prevalence. 
LFI could not be performed immediately in all the samples. This hin-
dered our ability to evaluate the utility of this point of care test in 
reducing the turnaround time to reach the diagnosis, and initiation of 
intensive therapy in septicemic melioidosis. Despite these limitations, 
the scarcity of literature of septicemic melioidosis in Odisha highlights 
the importance of this study. As ours is a single centre study with less 
number of samples, further large scale study should be done to evaluate 
the utility of PCR and lateral flow immunoassay for early diagnosis of 

septicemic melioidosis. 
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