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Child Melioidosis Deaths Caused by 
Burkholderia pseudomallei–Contaminated 

Borehole Water, Vietnam, 2019 
Appendix 

Materials and Methods 

Soil Sampling 

A primary environmental investigation was conducted at the family property on 

November 17, 2019. Seven soil samples at a depth of 10 cm were collected at different sampling 

points of the front garden. Nine borehole water (3 samples from each borehole) and one boiled 

drinking water samples were also collected. 

A secondary environmental sampling was conducted on November 23, 2019. At borehole 

A, the electric pump was turned on, and 26 bore water samples were collected every five minutes 

(from 0 to 120 minutes) and at 240 minutes. Forty-six soil samples from 10 sampling points near 

borehole A in the back garden were also collected, and the distance between each sampling point 

was ≈10 m. At each point, the soil samples were collected at depths of 10, 20, 30, 40, and 50 cm, 

except for 2 points where only soil samples at depths of 10, 20, and 30 cm were collected. 

Additionally, 39 bore water samples were collected from the other two boreholes on the family 

property and 11 boreholes in the neighborhood (3 samples from each borehole). Thirty surface 

water samples from 10 surrounding ponds (3 samples from each pond) were collected. Forty soil 

samples from eight rice fields were collected at a depth of 30 cm (5 samples from each rice field) 

(Figure 1). 

Qualitative Culture of B. pseudomallei 

Detection of B. pseudomallei from water and soil samples was performed using a two-

step enrichment approach (1). In brief, a 10-gram soil sample was added to 50 mL tubes 

containing 20 mL of TBSS-C50 broth. After vigorous vortexing, the tubes were statically 
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incubated at 40°C for 2 days. Subsequently, 1 mL of the culture supernatants were transferred to 

new tubes containing 9 mL of MB broth. After static incubation at 40°C for 4 days, the enriched 

culture supernatants were streaked out on Ashdown agar plates. The plates were then incubated 

at 40°C for 4 days and examined every day. Based on morphological characteristics, suspected 

colonies of B. pseudomallei were picked up, and the bacterial identification was confirmed using 

the B. pseudomallei-specific real-time PCR assay targeting the TTSS1 gene (2). The bacterial 

isolates were stored at −70°C in Luria-Bertani broth containing 20% glycerol for further 

genotype experiment.  

For water samples, 100 mL of water sample was centrifuged at 5,000 rpm for 30 min, and 

the supernatants were decanted to obtain the water sediments. Then, 20 mL TBSS-C50 broth was 

added to the tubes, and the culture approach for B. pseudomallei was performed, as described 

above. 

Quantitative Culture of B. pseudomallei 

The bacterial count was only performed on water or soil samples positive for B. 

pseudomallei by the quantitative culture. In brief, a 10-gram soil sample was added to a 250-mL 

Erlenmeyer flasks containing 20 mL of distilled water. The soil was dispersed by shaking at 160 

rpm for 2 h at room temperature. The flasks were left for 30 min to allow the soil particles settle. 

Then 100 µL of the upper layer suspension and its serial 10-fold dilutions were plated out on the 

Ashdown agar plates. After incubation at 40°C for 4 days, the suspected B. pseudomallei 

colonies were counted, and the CFU/g of soil was calculated, as previously described (3).  

For the water samples, 500 µL of borehole A water was plated out on the Ashdown agar 

plates. After incubation at 40°C for 4 days, the suspected B. pseudomallei colonies were counted, 

and the CFU/mL of water was calculated. 

Physiochemical Parameters of Soil and Water Samples 

Compared with B. pseudomallei–negative borehole water samples, physicochemical 

parameters showed water samples from borehole A had low pH and high nitrate, iron, total 

suspended solids, and total organic carbon (Appendix Table 1). B. pseudomallei–positive soil 

collected in the garden near borehole A had much lower electrical conductivity but much higher 

total potassium oxide and aluminum levels than B. pseudomallei–negative soil samples 

(Appendix Table 2).  
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Appendix Table 1. Physicochemical parameters of water samples from 1 Burkholderia pseudomallei–contaminated borehole and 
13 other boreholes investigated in the deaths of 3 children from melioidosis, Vietnam, 2019* 
Physicochemical parameters, mg/mL Contaminated borehole Other boreholes 
pH 3.91 6.13 (3.98–7.19) 
Total suspended solids  2.47 1.35 (0.85–2.67) 
Ammonium ND 0.14 (ND–0.4) 
Nitrate  4.80 3.08 (0.22–4.54) 
Phosphate  ND 0.21 (ND–0.23) 
Iron 0.34 0.19 (0.11–0.30) 
Total organic carbon 4.70 3.31 (2.50–4.20) 
Chemical oxygen demand 6.00 5.50 (4.00–8.00) 
Biologic oxygen demand 1.00 0.75 (0.00–2.00) 
*Data represent mean (range); ND, not detected. 

 
 
 
Appendix Table 2. Physicochemical parameters of soils collected from the garden and rice fields investigated for Burkholderia 
pseudomallei contamination in the deaths of 3 children from melioidosis, Vietnam, 2019* 

Physicochemical parameters 
Garden soil  Rice field soil 

Positive, n = 14 Negative, n = 4 p value  Positive, n = 4 Negative, n = 10 p value 
pHKCl 3.73 ± 0.16 3.59 ± 0.11 0.139  4.08 ± 0.24 4.46 ± 0.37 0.087 
Moisture content, % 14.30 ± 2.07 16.1 ± 2.52 0.167  18.10 ± 0.15 16.50 ± 3.6 0.395 
Electrical conductivity, µS/cm 75.48 ± 25.93 112.60 ± 42.92 0.043  105.50 ± 53.17 98.25 ± 44.73 0.798 
Organic carbon, % 0.99 ± 0.19 0.98 ± 0.47 0.935  0.76 ± 0.40 0.66 ± 0.39 0.673 
Total nitrogen, % 0.06 ± 0.01 0.05 ± 0.03 0.458  0.05 ± 0.02 0.05 ± 0.02 0.741 
Total P2O5, % 0.05 ± 0.01 0.06 ± 0.04 0.385  0.07 ± 0.03 0.06 ± 0.03 0.633 
Iron, g/Kg 2.18 ± 0.52 2.46 ± 0.60 0.368  2.15 ± 1.31 1.96 ± 2.46 0.889 
Total K2O, % 1.48 ± 0.49 0.57 ± 0.28 0.003  0.96 ± 0.17 0.72 ± 0.26 0.115 
Aluminum, g/Kg 4.75 ± 0.59 3.95 ± 0.49 0.026  2.27 ± 1.35 1.94 ± 0.80 0.571 
*Data represent mean + SD; p values were obtained from t-test. K2O, potassium oxide; KCl, potassium chloride; P2O5, phosphorus pentoxide; S, 
siemens. 

 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31634353&dopt=Abstract
https://doi.org/10.1371/journal.pntd.0007821
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16390953&dopt=Abstract
https://doi.org/10.1128/JCM.44.1.85-90.2006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21543099&dopt=Abstract
https://doi.org/10.1016/j.trstmh.2011.03.004

	Child Melioidosis Deaths Caused by Burkholderia pseudomallei–Contaminated Borehole Water, Vietnam, 2019
	Appendix
	Materials and Methods
	Soil Sampling
	Qualitative Culture of B. pseudomallei
	Quantitative Culture of B. pseudomallei
	Physiochemical Parameters of Soil and Water Samples

	References
	Appendix Table 1. Physicochemical parameters of water samples from 1 Burkholderia pseudomallei–contaminated borehole and 13 other boreholes investigated in the deaths of 3 children from melioidosis, Vietnam, 2019*
	Appendix Table 2. Physicochemical parameters of soils collected from the garden and rice fields investigated for Burkholderia pseudomallei contamination in the deaths of 3 children from melioidosis, Vietnam, 2019*

