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Polyclonal Burkholderia cepacia Complex 
Outbreak in Peritoneal Dialysis Patients 

Caused by Contaminated Aqueous 
Chlorhexidine 

Appendix 

Collection and Laboratory Processing of Environmental, Air, Water, and Antiseptic Samples 

Environmental samples were collected by using Polywipe sponge swabs (Medical Wire & 

Equipment, https://www.mwe.co.uk). These swabs are sterile, premoistened, thin, flexible sponges 

tailor-made for sampling environmental surfaces. The sampled sponge swabs were put into sealed sterile 

plastic bags individually and were properly labeled before further processing in the laboratory. Samples 

from the faucets and drains of sinks in renal units were taken by using transport rayon swabs (Copan 

Diagnostics, https://www.copanusa.com) and placed in sterile selective brain heart infusion (BHI) broth 

(CM1135; Oxoid, http://www.oxoid.com) containing 4 µg/mL gentamicin, 15 µg/mL vancomycin, and 

1 µg/mL amphotericin B (G3632, V2002, and A4888, respectively; Sigma-Aldrich, 

https://www.sigmaaldrich.com) (CG-BHI) before further processing in the laboratory. 

An air sampler, SAS Super ISO 180 model 86834 (VWR International PBI Srl, 

https://it.vwr.com), was used to collect 1,000 liters of air at a rate of 180 liters of air/min for each 

bacterial air sampling. The air collected was directly pass onto MacConkey agar (CM 0507; Oxoid) 

containing 0.0005% crystal violet (Merck KGaA, https://www.emdgroup.com) and 4 µg/mL gentamicin 

(CG-MAC) during a 5.5-min process. Because water has been implicated in Burkholderia cepacia 
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complex (BCC) nosocomial outbreaks, 250 mL of water from sinks in renal units were collected into 

labeled sterile bottles for processing in the laboratory. 

Both in-use and unopened antiseptics were collected from the renal unit. Unopened 0.05% 

aqueous chlorhexidine (aqCHX) were also collected from other units in our hospital. Because many 

peritoneal dialysis patients obtain their aqCHX from the community, 0.05% aqCHX was also obtained 

from a medical equipment store in the hospital and outside pharmacies. 

Specimen Processing 

The air samples on CG-MAC were incubated directly after collection at 37°C in air for 1 day and 

then at room temperature. Water samples were filtered by using MicroFunnel filter funnels (Pall, 

https://www.pall.com) through a 0.45-µm membrane. The membrane was then placed onto CG-MAC 

and incubated at 37°C for 1 day, and then at room temperature. All initial processing of other 

environmental samples was performed in class II biosafety cabinets. For each sponge swab specimen, 3 

mL CG-BHI was added into a plastic bag, in which the medium was absorbed by the sponge swab 

specimen. The sponge swab specimen was then squeezed repeatedly for proper mixing. Then, 2 mL of 

suspension was extracted from the bag and incubated at 37°C overnight, then subcultured onto CG-

MAC for incubation at 37°C in air. Swabs in CG-BHI broth were incubated at 37°C overnight, then 

subcultured onto CG-MAC for incubation at 37°C in air. 

All antiseptics were processed in class II biosafety cabinets and 70% alcohol was used to 

disinfect the surface of the container immediately before specimen collection. Sterile needles and 

syringes were used to aspirate the antiseptics from the container under aseptic condition. One milliliter 

of the antiseptic was transferred to 9 mL neutralization broth (BHI plus 2% Tween 80) (P1754; Sigma-

Aldrich), 0.3% sodium thiosulphate pentahydrate (27910.260; VWR Chemicals, https://us.vwr.com), 

0.4% potassium dihydrogen phosphate (26936.260; VWR Chemicals), and 0.5% lecithin. The 
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suspension was left at room temperature for 5 min. Then, 100 µL of suspension was spread onto blood 

agar (CM0331; Oxoid) for incubation at 37°C in air. 

All culture plates were incubated for <5 days and were examined daily for visible bacterial 

growth. Any bacterial growth was further speciated. For air samples and antiseptic cultures, bacterial 

CFUs were also counted. 

Peritoneal dialysis catheter exit site swab specimens for BCC surveillance were inoculated onto 

CG-MAC agar upon arrival at the microbiology laboratory. The inoculated agar was incubated at 37°C 

in air for 2 days and examined daily for bacterial growth. 

Genome Sequencing 

The BCC isolates were further analyzed by genome sequencing with the NovaSeq 6000 

sequencing system (Illumina Inc., https://www.illumina.com) at The University of Hong Kong. A BCC 

isolate from a peritoneal swab specimen from a patient with acute necrotizing pancreatitis during 2017 

and a blood culture isolated during 2018 from a patient with atonic urinary bladder with recurrent 

urinary tract infection were included as unrelated controls. 

Libraries (pair-end sequencing of 151 bp) were prepared on the basis of the protocol for the 

Nextera XT DNA Sample Prep Kit (Illumina). Enriched libraries were validated by using a Fragment 

Analyzer (https://www.agilent.com) and Qubit (https://www.thermofisher.com), and quality control 

analysis was performed by using a quantitative PCR. The libraries were denatured and diluted to optimal 

concentration. Illumina NovaSeq 6000 was used for Pair-End 151-bp sequencing. 

Using software from Illumina (bcl2fastq), we assigned sequencing reads into individual samples; 

each sample had an average throughput of 1.7 Gb and a total throughput of 137.9 Gb. In terms of 

sequence quality, an average of 93% of the bases achieved a quality score of Q30, in which Q30 

indicates the accuracy of a base call to be 99.9%. 
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Sequencing reads were filtered for adaptor sequence and low-quality sequence, followed by 

retaining only reads with read length >40 bp by using Cutadapt version 1.8.1 (1) and custom scripts. 

Low quality is defined as reads with >5% unknown bases N and reads having >50% of bases with a 

quality value <11. 

De novo genome assembly was performed on samples by using preprocessed reads with SPAdes 

assembler version 3.13.0 (2). A range of k-mer sizes of 21, 33, 55, and 77 were used. The assembly 

yielded an average genome size of 8.1 Mb and an average N50 value of 322 Kb, and number of 

scaffolds ranged from 53 to 134. All assembled sequences were annotated by using Prokka version 

1.14.0 (3) and setting genus as Burkholderia and species as cepacia. Multilocus sequence typing profiles 

were extracted from whole-genome assemblies by using BIGSdb (4), which is available on the B. 

cepacia complex PubMLST website (https://pubmlst.org/bcc/). 

Phylogenetic Analysis 

Scaffold sequences and reference genome sequence of BCC ST32 were uploaded to the 

CSIPhylogeny 0v1.4 Web site (5) with default settings. Results from CSIPhylogeny were subsequently 

imported into FigTree version 1.4.4 (http://tree.bio.ed.ac.uk) for visualizing the phylogenetic tree. 
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Appendix Table 1. Summary of library preparation for whole-genome sequencing of Burkholderia cepacia isolates 

Characteristic Summary 
Average input DNA 1 ng 
Library preparation protocol Nextera XT DNA Library Prep Kit Reference Guide (15031942 v02) 
Index system IDT UDI Nextera Primer Pairs 
Changes made to library preparation protocol None 
Sequencer model Novaseq 6000 
Run type Pair end 151 bp 

 

Appendix Table 2. Nature and distribution of throughput of each sample for whole-genome sequencing of Burkholderia cepacia isolates 

Sample name Associated brand No. raw reads (Read1 + Read2) Total throughput, Gb % >Q30 bases 
BCAP122 Brand A 11,950,402 1.8 94 
BCAP128 Brand A 11,733,806 1.8 93 
BCAP143 Brand A 6,274,224 0.9 84 
BCAP148 Brand A 9,639,536 1.5 94 
BCAP166 Brand A 10,257,462 1.5 93 
BCAP168 Brand A 11,702,132 1.8 93 
BCAP174 Brand A 9,678,166 1.5 91 
BCAP177 Brand A 8,848,674 1.3 90 
BCAP178 Brand A 11,773,222 1.8 94 
BCAP180 Brand A 11,652,572 1.8 94 
BCAP228 Brand A 11,807,954 1.8 93 
BCAP229 Brand A 9,000,840 1.4 89 
BCAP258 Brand B 12,118,698 1.8 94 
BCAP267 Brand B 11,566,100 1.7 94 
BCAP276 Brand C 12,404,438 1.9 94 
BCAP279 Brand B 12,791,322 1.9 94 
BCAP284 Brand B 10,421,288 1.6 93 
BCAP292 Brand B 13,069,666 2.0 93 
BCAP301 Brand B 9,275,042 1.4 90 
BCAP302 Brand B 11,509,782 1.7 94 
BCAP306 Brand C 11,978,500 1.8 93 
BCAP309 Brand E 11,226,918 1.7 94 
BCAP314 Brand D 13,238,160 2.0 94 
BCAP315 Brand D 10,598,990 1.6 94 
BCAP344 Brand A 13,624,626 2.1 94 
BCAP345 Brand A 14,178,784 2.1 93 
Ctl-2017 Outbreak unrelated blood 

culture isolate from 2017 
12,130,950 1.8 94 

Ctl-2018 Outbreak unrelated blood 
culture isolate from 2018 

12,620,538 1.9 92 

Patient 1 Brand A 12,806,494 1.9 94 
Patient 2 Brand A 12,273,168 1.9 93 
Patient 3 Patient using brand A aqCHX 10,764,710 1.6 93 
Patient 4 Brand A 11,176,822 1.7 94 
Patient 5 Brand A 10,950,102 1.7 92 
Patient 6 Brand A 11,085,726 1.7 94 
Patient 7 Brand A 11,562,168 1.7 93 
Patient 8 Brand A 11,588,802 1.8 93 
Patient 9 Brand A 14,410,584 2.2 94 
Patient 10 Brand A 11,509,524 1.7 94 
Patient 11 Brand A 5,409,852 0.8 88 
Patient 12 Brand A 10,538,318 1.6 94 
Patient 13 Brand B 13,177,162 2.0 94 
Patient 14 Brand B 10,687,054 1.6 91 
Patient 15 Brand B 12,277,634 1.9 92 
Patient 16 Brand B 12,691,674 1.9 94 
Patient 17 Unknown 11,599,212 1.8 94 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30692235&dopt=Abstract
https://doi.org/10.3747/pdi.2018.00095
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Sample name Associated brand No. raw reads (Read1 + Read2) Total throughput, Gb % >Q30 bases 
Patient 18 Brand A 11,848,136 1.8 93 
Patient 19 Brand A 12,330,168 1.9 94 
Patient 20 Brand A 12,214,730 1.8 93 
Patient 21 Brand A and B 10,843,768 1.6 92 
Patient 22 Brand A 12,736,614 1.9 93 
Patient 23 Brand A 11,019,666 1.7 92 
Patient 24 Brand A 11,704,104 1.8 94 
Patient 25 Brand A 12,997,772 2.0 93 
Patient 26 Brand A 12,828,720 1.9 94 
Patient 27 Brand A 12,098,718 1.8 94 
Patient 28 Brand A 9,875,416 1.5 95 
Patient 29 Brand A 10,455,064 1.6 94 
Patient 30 Brand A 12,178,434 1.8 94 
Patient 31 Brand A 10,247,674 1.5 94 
Patient 32 Brand A 11,413,460 1.7 94 
Patient 33 Brand A 9,016,084 1.4 76 
Patient 34 Brand A 3,923,344 0.6 86 
Patient 35 Brand A 11,181,508 1.7 91 
Patient 36 Brand A 8,991,288 1.4 90 
Patient 37 Brand A 9,862,958 1.5 94 
Patient 38 Brand A 10,110,866 1.5 92 
Patient 39 Brand A 13,828,424 2.1 93 
Patient 40 Brand A 12,469,812 1.9 94 
Patient 41 Brand A 13,330,094 2.0 94 
Patient 42 Brand A 10,407,292 1.6 94 
Patient 43 Brand A 13,431,490 2.0 94 
Patient 44 Brand A 12,053,012 1.8 94 
Patient 45 Brand A 11,246,962 1.7 94 
Patient 46 Unknown 13,231,332 2.0 94 
Patient 47 Unknown 13,667,616 2.1 94 
Patient 48 Unknown 12,343,144 1.9 93 
Patient 49 Unknown 11,251,576 1.7 92 
Patient 50 Unknown 13,368,328 2.0 94 
Patient 51 Brand A 13,624,934 2.1 93 
Patient 52 Brand A 9,421,366 1.4 89 

 

Appendix Table 3. Summary of antiseptic- and medication-related Burkholderia cepacia complex outbreaks involving >50% sterile sites* 

Year of 
outbreak, 
country 

Site(s) of BCC 
isolation 

Duration of 
outbreak, 

d† 
Type of patients 

involved 

No. 
affected 
patients 

Implicated source 
(intrinsic or 

extrinsic 
contamination) 

Multistate or 
multiple 
hospital 

involvement Reference 
1981, United 
States 

Blood 
(pseudobacteremia) 

210 Various wards 52 Povidone-iodine 
(intrinsic 

contamination) 

4 hospitals (6) 

1992, United 
States 

Peritoneal fluid (4) 
and blood (2) 

25 ICU and HD 
center in 

pediatric facilities 

6 Povidone–iodine 
(intrinsic 

contamination) 

No (7) 

1993, Georgia Blood 85 Oncology clinic 14 Multiuse IV fluid 
used for dilution 
of multiuse vial 
heparin flush 

solution (extrinsic 
contamination) 

No (8) 

1998, Belgium Blood 3 Cardiology ward 8 1 L dextrose used 
for heparin 

dilution (extrinsic 
contamination) 

No (9) 

2000, 
Thailand 

Blood (subclavicular 
line infection) 

7 HD 9 1.5% 
chlorhexidine–

cetrimide 
prepared from in 

pharmacy 
department 

No (10) 
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Year of 
outbreak, 
country 

Site(s) of BCC 
isolation 

Duration of 
outbreak, 

d† 
Type of patients 

involved 

No. 
affected 
patients 

Implicated source 
(intrinsic or 

extrinsic 
contamination) 

Multistate or 
multiple 
hospital 

involvement Reference 
2004, France Blood (IV catheter as 

source in 75%) 
210 NICU, PICU, 

pediatric 
gastroenterology 

8 Contaminated 
condensate on 

the plastic 
stoppers in lipid 

emulsion 

No (11) 

2006, Saudi 
Arabia 

Blood 21 Tertiary care 
hospital 

5 0.5% sulbutamol 
solution (intrinsic 
contamination) 

No (12) 

2007, United 
States 

Blood/intravenous 
catheter tips 

214 Pediatric 
hematology and 

oncology 
practice, patients 

with 
subcutaneous 
port catheters 

10 Multidose 
medications 

(extrinsic 
contamination) 

No (13) 

2008, Taiwan 9 blood, 7 central 
venous catheter tips, 

2 urine, 1 HD 
catheter tip 

90 Hospital 
respiratory care 

ward and 
general ward 

15 Extrinsic 
contamination of 
daily prepared 
diluted heparin 
solution in the 

ward 

No (14) 

2008, South 
Korea 

Blood 23 Cancer center 8 0.5% 
chlorhexidine 

solution diluted at 
hospital site 

No (15) 

2008, South 
Korea 

Blood (6), urine (1), 
wound (3), catheter 
tip (1), unknown (2) 

21 Various wards, 
especially 
hemato–

oncology and 
endocrine 
patients 

13 Benzalkonium 
chloride diluted in 

hospital 
pharmacy 

No (16) 

2008, Spain Blood 151 HD patients 5 Contaminated 
deionized water 
used for dilution 

of 2.5% 
chlorhexidine at 

hospital site 

No (17) 

2009, United 
States 

Eye 
(endophthalmitis) 

30 Hospital A (4) 4 Contaminated 
trypan blue dye 

from 
compounding 

pharmacy 
(unopened bottles 

were 
contaminated) 

Yes (18) 

Eye 
(endophthalmitis) 

60 Hospital B (2) 2 Contaminated 
trypan blue dye 

from 
compounding 

pharmacy 
(unopened bottles 

were 
contaminated) 

Yes 

2010, Brazil Blood 88 Various wards 25 IV bromopride 
(antiemetics) 

3 hospitals (19) 

2013, Brazil Blood (4) and urine 
(3) 

59 350-bed private 
tertiary care 

hospital 

7 3% mannitol 
(intrinsically 

contaminated) for 
bladder irrigation 

No (20) 

2014, Brazil Blood 60 Hematology and 
BMT outpatient 

unit 

24 Multidose vial of 
IV drug (extrinsic 
contamination) 
and a laminar 
flow cabinet 

No (21) 

2014, India Vitreous samples 91 Postcataract 
surgery patients 

13 Local anesthetic 
eye drops 

No (22) 
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Year of 
outbreak, 
country 

Site(s) of BCC 
isolation 

Duration of 
outbreak, 

d† 
Type of patients 

involved 

No. 
affected 
patients 

Implicated source 
(intrinsic or 

extrinsic 
contamination) 

Multistate or 
multiple 
hospital 

involvement Reference 
2014, United 
States 

Blood 7 350-bed private 
tertiary care 

hospital 

7 Contaminated 
fentanyl solution 

(intrinsic 
contamination) 

No (23) 

2015, South 
Korea 

Blood 
(pseudobacteremia) 

66 ICU and general 
wards 

40 Commercial 0.5% 
chlorhexidine 

(intrinsic 
contamination). 

No (24) 

2015, Spain Blood 91 HD center 7 Chlorhexidine. No (25) 
2016, India Blood 90 Neonatal unit 12 In-use IV fluid 

bottles, ventilator 
humidifier 

No (26) 

2017, India Blood 240 Pediatric unit 76 Amikacin with 
contaminated 

rubber stopper. 

No (27) 

2018, South 
Korea 

Blood 
(pseudobacteremia) 

42 NICU 21 Commercial 0.5% 
chlorhexidine 

(intrinsic 
contamination) 

No (28) 

2019, United 
States 

Blood 150 Skilled nursing 
facilities 

162 IV saline (intrinsic 
contamination) 

5 states, 59 
facilities 

(29) 

*An outbreak in Lebanon was excluded because the prolonged outbreak duration was attributed to the political instability at the time of outbreak. Only 
reports where outbreak duration were described are included). BCC, Burkholderia cepacia complex; BMT, bone marrow transplant; HD, 
hemodialysis; ICU, intensive care unit; IV, intravenous; NICU, neonatal intensive care unit; PICU, pediatric intensive care unit. 
†If exact dates are not specified in the report, the whole month will be counted toward duration of outbreak. 

 

Appendix Table 4. Summary of antiseptic- and medication-related Burkholderia cepacia complex outbreaks involving >50% nonsterile sites* 

Year of 
outbreak, 
country 

Site(s) of BCC 
isolation 

Duration of 
outbreak, 

d†  
Type of patients 

involved 

No. 
affected 
patients 

Implicated source 
(intrinsic or extrinsic 

contamination) 

Multistate or 
multiple 
hospital 

involvement Reference 
1995, United 
States 

Respiratory tract 
specimen 

215 Medical center 42 Nebulized albuterol 
(extrinsic 

contamination) 

No (30) 

1996, United 
States 

Respiratory 
specimens 

330 Several adult 
ICUs in a 
hospital 

44 Albuterol 
nebulization solution 

(extrinsically 
contaminated) 

No (31) 

2000, United 
States 

Respiratory 
specimens 

699 Adult ICU, 
ventilated 
patients 

69 Alcohol-free 
mouthwash (intrinsic 

contamination) 

2 hospitals (32) 

2005, Saudi 
Arabia 

Respiratory (31), 
blood (21), wound 
(2), CSF (1), eye 

(1), others (3) 
(some patients 
with >1 positive 

culture) 

336 Tertiary care 
hospital and a 

150-bed hospital 

52 Albuterol 
nebulization solution 

(intrinsically 
contaminated) 

2 hospitals (33) 

2006, Spain Respiratory 
specimens (35), 
unspecified (2) 

365 ICU (35) and 
non-ICU (2) 

patients 

37 Alcohol-free 0.1% 
hexetidine 

mouthwash 
(intrinsically 

contaminated) 

No (34) 

2006, United 
States 

Respiratory tract 
specimen 

183 Adult acute care 
facility (hospital 

A) 

18 Contaminated 
albuterol (extrinsic 

contamination) 

No (35) 

2007, United 
States 

Respiratory 
specimens (83), 
urine (33), blood 
(20), tissue (3) 

146 Multiple 
hospitals, 
especially 
ventilated 
patients. 

116 Alcohol-free 
cetylpyridinium 

chloride mouthwash 
(intrinsic 

contamination) 

22 hospitals in 
9 states 

(36) 
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Year of 
outbreak, 
country 

Site(s) of BCC 
isolation 

Duration of 
outbreak, 

d†  
Type of patients 

involved 

No. 
affected 
patients 

Implicated source 
(intrinsic or extrinsic 

contamination) 

Multistate or 
multiple 
hospital 

involvement Reference 
2009, Japan Vaginal culture 61 Obstetrics and 

gynecology ward 
17 0.025% 

benzalkonium 
chloride prepared in 
hospital pharmacy 

No (37) 

2011, United 
States 

4 Sinus and 1 
tracheal aspirate 

90 Pediatric hospital 5 0.05% 
oxymetazoline 

hydrochloride nasal 
spray (intrinsic 
contamination) 

No (38) 

2013, South 
Korea 

Sputum (10), 
Blood (4), CSF 
(1), others^ (3). 

92 ICU and general 
wards 

37 Contaminated 
purified water used 
for chlorhexidine 

dilution at hospital 
site 

No (39) 

2014, Ecuador Respiratory 
specimens 

458 ICU 13 Alcohol-free 
chlorhexidine 0.12% 
mouthwash (intrinsic 

contamination) 

No (40) 

2018, 
Australia 

1 Blood and 6 
respiratory 
specimens 

61 ICU 7 Alcohol-free 
chlorhexidine 

mouthwash (intrinsic 
contamination) 

2 hospitals (41) 

2018, 
Germany 

Respiratory 
specimens 

30 Postcardiac 
surgery 

3 Octenidine 
mouthwash solution 

(intrinsic 
contamination) 

No (42) 

2019, New 
Zealand 

Peritoneal 
dialysis catheter 

exit sites 

377 Peritoneal 
dialysis patients 

9 4% chlorhexidine 
body wash (extrinsic 

contamination) 

No (43) 

*An outbreak in Lebanon was excluded because the prolonged outbreak duration was attributed to the political instability at the time of outbreak. Only 
reports where outbreak duration were described are included). BCC, Burkholderia cepacia complex; CSF, cerebrospinal fluid; ICU, intensive care 
unit. 
†If exact dates are not specified in the report, the whole month will be counted toward duration of outbreak. 
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Appendix Figure. Activity of 0.05% aqueous chlorhexidine (brands G and A) against Escherichia coli 

ATCC25922, an outbreak-unrelated Burkholderia cepacia isolate, and an outbreak-related B. isolate. All plates 

show bacterial lawns with a 0.5 McFarland standard of the test strain against sterile filter paper disk soaked with 

40 µL of aqueous chlorhexidine and incubated overnight at 37°C. A) E. coli ATCC25922 and large zone of 

inhibition. B) Outbreak-unrelated B. cepacia isolate and small zone of inhibition. C) Outbreak-related B. cepacia 

patient isolate, no zone of inhibition. D) Outbreak-related B. cepacia isolate from brand A aqueous chlorhexidine, 

no zone of inhibition. 
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