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 Synopsis 

Many outbreaks of Burkholderia cepacia complex (Bcc) infections are associated with contaminations in personal 
care products (PCPs). This study aimed to analyze a collection of Bcc isolates in PCPs and assess the 
susceptibility of preservatives, including dimethoxy dimethyl hydantoin (DMDMH), methylisothiazolinone–
chloromethylisothiazolinone (MIT/cMIT), and methyl 4-hydroxybenzoate (MH). The Bcc isolates collected 
during the 3-year (2015–2017) study period were further examined by biochemical identifi cation system, 
phylogenetic analysis based on recA nucleotide sequences, and multilocus sequence typing analysis. Preservatives 
susceptibility testing of Bcc bacteria were evaluated by minimum inhibitory concentration and minimum 
bactericidal concentration. A total of seven distinct sequence types (STs) were identifi ed, which belonged to 
four different Bcc species: Burkholderia cenocepacia (ST621, ST258, and novel ST), Burkholderia lata (ST339 
and ST336), Burkholderia contaminans (ST482), Burkholderia cepacia (ST922). For DMDMH and MH, the 
maximum permitted concentrations according to the safety specifi cation of cosmetics (0.6% and 0.4%) were 
able to inhibit or kill all Bcc strains, but 40% of Bcc isolates could survive at higher than maximum permitted 
concentrations of MIT/cMIT (of a mixture in the ratio 3:1 of 5-chloro-2-methyl-4-isothiazolin-3-one and 
2-methyl-4-isothiazolin-3-one). The PCPs contamination of Bcc strains should be given more attention by 
manufacturers because of its diversity in molecular epidemiology and its low susceptibility to preservatives 
such as MIT/cMIT. 

            INTRODUCTION 

Although personal care products (PCPs) are an indispensable part of everyone’s daily 
grooming routine, the water and available nutrients they contain make them susceptible 
to microbial growth. Microbial contamination in PCPs, including toiletries and cosmet-
ics, is very common and has been of great concern to the manufacturers of such products 
for many years. Most often, microorganisms are the cause of organoleptic alterations, such 
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as offensive odors and changes in viscosity and color. Moreover, contaminating microor-
ganisms may be pathogenic, exposing users to possible skin irritation, allergic contact 
dermatitis, and infection, especially in the eyes, mouth, or open wounds (1–5). 

The Gram-negative species Burkholderia cepacia complex (Bcc) is emerging as one of the 
most intractable bacterial species to cause industrial contamination (6). Bcc organisms 
remain signifi cant pathogens in patients with cystic fi brosis (CF) (7,8). Many nosocomial 
infections originate from the use of PCPs contaminated with Bcc. Outbreaks of Burkholderia 
infections due to contaminated mouthwash have been reported in hospitalized individu-
als (9–11). An outbreak of B. cepacia in an intensive care unit was caused by intrinsically 
contaminated moisturizing milk (12). An outbreak of B. cepacia complex was associated 
with contaminated liquid soap for hospital use (13). A hospital-wide outbreak of Burk-
holderia contaminans was caused by moist prefabricated washcloths (14). 

Currently, the Bcc consists of at least 24 phenotypically similar but genotypically distinct 
Gram-negative bacteria (Table I) (15–30). According to a review of Food and Drug 
Administration (FDA) records, B. cepacia was the most common reason for recalls (34%), 
followed by Pseudomonas spp. (31). To explore the sources of potential contamination, it is 
fi rst and foremost necessary to understand the species distribution characteristics. Until now, 
few studies have investigated the molecular epidemiology of the Bcc in PCPs. Identifi cation 
of the Bcc at the species level in routine microbiology laboratories using manual and/or 
automated commercial systems is problematic because of the homogeneity of biochemical 
test results obtained from some species of Bcc, making them diffi cult to identify using 
phenotypic methods (32). Genetic methods such as 16S rRNA and recA gene sequence 
analysis have proven useful for Bcc species identifi cation, but 16S rRNA gene sequencing 
is not suffi ciently discriminatory to resolve all the species as the gene is >98% identical 
for members of the Bcc, and recA based species specifi c polymerase chain reaction (PCR) 
can identify most Bcc strains more accurately than 16S rRNA gene sequencing (7), although 
it cannot be used as a means to differentiate Bcc strains recovered from different sources, 
such as clinical infections versus those that occur in natural environments (33). Multilocus 
sequence typing (MLST) has been used for the molecular epidemiological study of Bcc 
since 2005 and improved in 2009; it is a globally accepted method that provides resolu-
tion at a species level higher than other methods (34,35). To date, approximately 1,722 
sequence types (STs) of the Bcc have been identifi ed worldwide, and the number of new 
cases identifi ed by MLST increases each year. The ability of MLST to differentiate the exist-
ing Bcc species is greater than the analysis of the recA gene alone and also shows an excel-
lent correlation to the multiple polyphasic taxonomic methods used to fully characterize 
these bacteria (7). Therefore, the recA gene and MLST are used in combination to more 
accurately identify species and molecular epidemiological types. Second, the sensitivity of 
different Bcc species to preservatives must be investigated because Bcc bacteria exhibit 
high levels of innate antimicrobial resistance to both antibiotics and biocides. Recently, 
research on the antimicrobial effi ciency of preservatives in cosmetic products has received 
much attention. A survey of Bcc bacteria demonstrated that susceptibility to chlorhexidine, 
cetylpyridinium chloride, triclosan, benzalkonium chloride, and povidone biocides varied 
across the complex, with species-dependent differences in susceptibility being identifi ed 
(36). Studies also indicated that the level of increased resistance is largely dependent on 
the dose, time of exposure, and bacterial species (37). 

In this study, we collected 25 Bcc strains from the fi nished product of PCPs and deter-
mined strain diversity and species using MLST and recA gene sequence analysis. We also 
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carried out investigation of Bcc susceptibility to the common preservatives used in PCPs. 
The aim of this study was to reveal insights into the diversity of Bcc isolates from PCPs 
and the susceptibility to different preservatives commonly used. 

MATERIALS AND METHODS 

BACTERIAL STRAINS 

A total of 25 B. cepacia complex isolates were obtained from contaminated PCPs, includ-
ing creams, shampoos, lotions, and conditioners, and stored for a period of 2 years (2015–
2017) (Table II). B. cepacia ATCC 25416 was used as a reference strain in the study. All 
strains were grown in Tryptone soya agar (TSA; Oxoid™; Thermo Fisher Scientifi c, 
Waltham, MA) and incubated for 24–48 h at 37°C (±1°C). Strains were stored at −80°C 
(±1°C) with 20% glycerol until used. All Bcc samples were prepared in duplicate.

ANTIMICR OBIALS

2-methyl-4-isothiazolin-3-one (MIT), consisting of a 3:1 (volume:volume) ratio of 
5-chloro-2-methyl-4-isothiazolin-3-one (cMIT) and MIT at a fi nal concentration of 
14% (m/vol) total active ingredient, was obtained from Guangdong Demei Biology 
Technology Co., Ltd (Guangzhou, China). Dimethoxy dimethyl hydantoin (DMDMH; 
55%, m/vol) and methyl 4-hydroxybenzoate (MH) were purchased from Sigma-Aldrich 
(St. Louis, MO).

ISOLATION  AND IDENTIFICATION OF STRAINS

One gram  of recovered PCPs was introduced onto the lecithin tween-80 nutrient agar plates 
(Guagdong Huankai Microbial Sci. & Tech. Co., Ltd., Guangzhou, China), the samples were 
streaked using a sterile loop, and the plates incubated for 18–24 h at 37°C. Gram staining 
and microscopic observation were performed on all isolated strains. Strains were identifi ed 
by the API 20NE system (API-bioMérieux, La Balme les Grottes, France) according to the 
manufacturer’s directions. Genomic DNA was isolated using a genomic DNA extraction kit 
from TaKaRa (Tokyo, Japan) according to the manufacturer’s instructions for bacterial cells. 
PCR was performed using primer pairs for BCR1 (5′-TGACCGCCGAGAAGAGCAA-3′) 
and BCR2 (5′-CTCTTCTTCGTCCATCGCCTC-3′) in a Mastercycler® 5330 (Eppendorf 
AG, Hamburg, Germany) and run for 35 thermal cycles of 94°C (4 min), 58°C (30 s), and 
72°C (30 s). A 10-min elongation step was included in the fi nal cycle (38). The reaction 
products were separated and detected on an ABI PRISM Genetic Analyzer 3100 (Applied 
Biosystems, Foster City, CA). Sequencing was performed by Huada Gene Technology Co. 
Ltd (Shenzhen, China).

The resulting sequen ces were assessed for similarities among known sequences using the 
Basic Local Alignment Tool at the National Center for Biotechnology Information (NCBI, 
NIH, Bethesda, MD). Multiple nucleotide sequence alignments of the recA gene were 
constructed using CLUSTAL X (Dublin, Ireland). Phylogenetic and molecular evolutionary 
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Table III
List of Primers Used in the MLST Locus Amplifi cation

Gene name
Size (bp) of fragment 

analyzed Locus primer (5′→3′) Locus primer (5′→3′)

atpD 443 GTTCATCTGGCCGTACAC AACTGACGCTCGAAGTCC
gltB 400 CTTCTTCTTCGTCGCCGA TTGCCGACGTAGTCGTTG
gyrB 454 ATCGTGATGACCGAGCTG CGTTGTAGCTGTCGTTCC
recA 393 TGACCGCCGAGAAGAGCAA GACCGAGTCGATGACGAT
lepA 397 GGCATCAAGGAACTGACG CTGCGGCATGTACAGGTT
phaC 385 AGACGGCTTCAAGGTGGT ACACGGTGTTGACCGTCA
trpB 301 CTGGGTCACGAACATGGA CCGAATGCGTCTCGATGA

analyses were conducted using genetic-distance–based neighbor-joining algorithms within 
MEGA version 4.0 software package (Tokyo, Japan).

MLST LOCI AMPLIFICAT ION AND SEQUENCING

MLST was performed b y sequencing the following housekeeping genes: ATP synthase 
beta chain (atpD), glutamate synthase large subunit (gltB), DNA gyrase subunit B (gyrB), 
recombinase A (recA), GTP-binding protein (lepA), acetoacetyl-CoA reductase (phaC), 
and tryptophan synthase subunit B (trpB) according to the previously published method 
available at www.pubmlst.org/Bcc. Primer sequences used for the MLST locus amplifi ca-
tion are listed in Table III.

Genomic DNA was isol ated using the genomic DNA extraction kit (TaKaRa) mentioned 
previously, according to the manufacturer’s instructions for bacterial cells. Amplifi cation 
of MLST loci was performed in 50 µl PCR volumes containing 2× EasyTaq® PCR Super-
Mix (TransGen Biotech, Beijing, China), 0.4 µM primers, DNA templates, and double 
distilled water. Amplifi cation was performed with the Eppendorf Mastercycler® 5,330 
using the following cycling conditions: initial denaturation for 2 min at 94°C followed 
by 30 cycles of 1 min at 94°C, 30 s at an annealing temperature of 58°C, and 2 min at 
72°C, followed by a fi nal extension step of 5 min at 72°C. The reaction products were 
separated and detected on an ABI PRISM Genetic Analyzer 3100 (Applied Biosystems). 
The sequences from both strands of a given locus of the same isolate were aligned, 
trimmed to the desired length, and edited using the SeqMan II program from the Laser-
gene software package. The specifi c ST of the analyzed strains was determined using the 
B. cepacia complex multilocus sequence typing website (http://pubmlst.org/Bcc/) devel-
oped by Keith Jolley at the University of Oxford (England, United Kingdom) (39).

ANTIMICROBIAL SUSCEPTIBILITY T ESTING

Determination of the MIC. Mini mum inhibitory concentrati ons (MICs) were determined on 
a panel of 25 strains illustrating the diverse origins of the collection, broth microdilution 
using 96-well microplate. First, preservative mother solution was prepared according to 
the concentrations from Table IV and diluted 10 times, and then a double dilution up to 
six different dilutions (Table IV) was made. For each bacterial isolate to be tested, 100 µl 
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Table IV
Compounds Used in this Study

Compounds Range tested
Mother 
solution

Chemical 
formula Chemical structures

Dimethoxy dimethyl hydantoin 
(DMDMH 0.6%)a

0.0125–0.4% 4.0% C7H12N2O4

Methylisothiazolinone and 
chloromethylisothiazolinone 
(MIT/cMIT 0.0015%)a

1.5625 × 
10−4–0.05%

0.5% C4H5NOS 
C4H4NClOS

Methyl 4-hydroxybenzoate 
(MH 0.4%)a 0.0125–0.4% 4.0% C8H8O3

aMaximum permitted concentrations.

of each preservative dilution was added into the respective well, and 200 µl of broth was 
pipetted into the sterility control well (G well in 96-microplate) and 100 µl into the 
growth control well (H well in 96-microplate). Second, the bacterial isolates were streaked 
onto MH agar plates and incubated for 18–24 h at 37°C. For each isolate, three to fi ve 
colonies were transferred into the MH broth, and the bacterial suspension was adjusted to 
1 × 108 cfu ml−1 (the OD600 is about 0.1) by vortexing and diluted by a factor of 1:100. 
The test and control wells (growth control) were inoculated with 100 µl of the bacterial 
suspension. This results in the fi nal desired inoculum of 5 × 105 cfu ml−1. A 10-µl sample 
from the growth control tube was removed immediately after inoculation and pipetted 
into a sterile tube holding 990 µl of sterile saline. The sample was mixed well by vortex-
ing. A further dilution of this suspension (1:10) was made by pipetting 100 µl into 900 
µl of sterile saline. Then, 100 µl of each of the two dilutions was plated onto two agar 
plates. The agar plates were incubated at 37°C for 24 h. The purpose of this step was to 
ensure the accuracy of the bacterial inoculation amount. Finally, the 96-well plates were 
placed in a multifunctional microplate reader (TECAN Spark, Shanghai, China) for incuba-
tion for 24–30 h. Growth curves were obtained by measuring OD600 at 37°C every hour. 
The MIC was defi ned as the lowest concentration of an antimicrobial at which no bacterial 
growth was observed visually on the well plate and without change in OD600 compared 
with the negative control from the growth curves. These tests were repeated three times.

Determination of the MBCs. Minimum bactericidal conce ntrations (MBCs) were dete rmined 
after the MIC test. Bacterial suspensions in well plates were resuspended at 1/10e and 
1/100e in neutralizing solution (Fischer Scientifi c Bioblock, Shanghai, China), which was 
commonly used in cosmetics laboratories to check the presence of surviving bacteria by inhib-
iting preservative activity. In detail, a 10-µl sample was removed from MIC test wells and 
introduced into a sterile tube holding 90 µl (1/10e) and 990 µl (1/100e) of neutralizing 
solution, then 100 µl and 1 ml of each of the two dilutions were plated onto two agar plates 
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and incubated at 37°C for 24 h (40). The MBC was estimated as the lowest concentration 
of preservative with the absence of colony in the case of agar plates.

RESULTS

BCC SPECIES ISOLATION AND IDENTIFICATION

We collec ted 25 B cc strains from 2015 to 2017, isolated fr om shampoos, hair conditioners, 
raw materials, body lotion, shower gel, toner, cream, production water, and bubble water. 
The number of bacteria exceeds 103 cfu ml−1, of which 18 Bcc strains are greater than 105 cfu 
ml−1. The types of preservatives were MIT/cMIT, DMDMH, and MH. Except for the two 
PCPs (body lotion and shower gel) collected in July and November 2016, other types of 
cosmetics can be detected with residual MIT, the content of which is between 10.8 and 
15.6 mg kg−1 (Table II). All of the spoilage strains were Gram-negative, non–spore-forming 
rods, and four species were identifi ed by recA nucleotide sequence analysis, including 
Burkholderia cenocepacia, B. contaminans, Burkholderia lata, and B. cepacia, with the phylo-
genetic tree of Bcc based on the recA gene sequence (Figure 1).

BCC SPECIES DIVERSITY IN CONTAMINATED PCPS

RecA gene sequence and  MLST analysis of a collection of 25 Bcc is olates recovered from 
PCPs revealed the following species diversity: B. cenocepacia (ST621, ST258, and nST), B. 
lata (ST339 and ST336), B. contaminans (ST482), and B. cepacia (ST922). A total of seven 
distinct STs were identifi ed belonging to four different Bcc species, including one novel 
ST. The new ST type, BC-04, was identifi ed as B. cenocepacia by recA gene, the evolution-
ary tree established by recA gene showed that it was not in the same branch as other B. 
cenocepacia, and the MLST results also showed the gltB and gyrB were 64 and 506, which 
were different among the seven housekeeping genes. These all indicate that BC-04 might 
be the new ST type of B. cenocepacia (Figure 1). The proportion of 48% of stains we de-
tected is B. cenocepacia ST621, the dominant STs were ST621 among all ST types, fol-
lowed by ST339 (16%) and ST336 (16%).

The colony morphology of Bcc species grown on agar was different  according to STs (Fig-
ure 2). Different ST types in the same Bcc show different colony morphologies. It was 
worth noting that the colonies of Burkholderia cepacia (ST922) showed a purple pigment 
spreading from the center to the edge (add 5 µl of the bacterial solution that was stored 
in a glycerol storage tube to the TSA plate and incubate at 37°C for 5 days); this phenom-
enon might become a specifi c phenotype of ST922.

SUSCEPTIBILITY OF BCC STRAINS ISOLATED FROM CONTAMINATED PCPS

MIC a nd MBC methods allow the rapid evidence of bacterial susceptib ility in response to 
biocides contact and action in general, and to preservatives in particular. In this study, the 
methods were used to evaluate the susceptibility of preservatives agents (DMDMH, MIT/
cMIT, and MH) for a collection of 25 Bcc strains and B. cepacia ATCC 25416. The mean 
of MICs and MBCs demonstrated susceptibility varied within Bcc species (Table V). Our 
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Figure 1. Phylogenetic tree of the B. cepacia complex based on the complete recA gene sequence. Bootstrap 
values are shown on each horizontal limb of the tree. The tree was rooted with the B. xenovorans strain TCo-26 
recA gene as a representative member of a species outside the Bcc group. Different symbols represent different 
ST types: : ST621; : novel ST; : ST922; : ST336; : ST482; : ST339; : ST258.
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protocol involved performing MIC/MBC testing in 2-fold dilutions, and the MIC and 
MBC values were highly reproducible across three separate experiments, as indicated by 
low standard deviations.

Growth curves were also performed in this study to determine the su sceptibility of all Bcc 
in the presence of three preservatives (DMDMH, MIT/cMIT, and MH). Part of the growth 
curves of four different types of Bcc and the standard strain are shown in Figure 3. When 
the concentration of MIT/cMIT was 0.00015625% and 0.003125%, the B. cepacia ATCC 
25416 could grow well; except for 0.005%, other low concentrations of MIT/cMIT could 
not inhibit the growth of BC12 (B. cenocepacia); the MIT/cMIT MIC to BC12 was 8-fold 
greater than it to B. cepacia ATCC 25416. For BC05 (B. cepacia), the MIT/cMIT MIC was 
0.0025%. For BC16 (B. lata) and BC04 (B. contaminans), the OD600 values of the wells 
were unchanged, except for the positive control wells after 16 h of incubation. When 
cultured to 24 h, MIT concentration of 0.0003125% and 0.00015625% could not in-
hibit the growth of BC16, and 0.00015625% MIT could not prevent the reproduction of 
BC24.

Overall, the MBC values for three preservatives were higher than or  equal to those of MIC 
for all strains, and MBC dilutions at 1/100e were higher than or equal to that dilution at 
1/10e. For DMDMH and MH, the maximum permitted concentrations according to the 
safety specifi cation of cosmetics (0.6% and 0.4%) were able to inhibit or kill all strains. 
Regarding the MIT/cMIT, the MIC values for 10 strains (BC09-13, BC18, and BC20-
23), belonging to B. cenocepacia (ST621) and B. lata (ST336), were higher than the maxi-
mum permitted concentrations (0.0015%); the MBC values even reached 0.005% or 
0.01% (Table V); and these Bcc strains were mainly isolated from cosmetics containing 
the preservatives of MIT/cMIT.

DISCUSSION

Bcc members consist of multiple closely related species  that are ub iquitous in nature. 
Phenotypic variation can occur in all Bcc species, even within sequential clinical isolates 
of the same strain (41). There have also been reports of morphological differences based 

Figure 2. Morphological differences of Bcc bacteria grown on TSA.
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Figure 3. The growth curves of four types of Bcc strains and the standard strain in the presence of different 
concentrations of MIT/cMIT.

on different nitrogen sources (7). This phenotypic variability makes it diffi cult to cor-
rectly identify strains in diagnostic microbiology laboratories (42). This variation also 
occurred in the present study, seven ST-types Bcc colonies showed different forms on 
TSA, and novel ST type was confi rmed because gltB and gyrB were different among the 
seven housekeeping genes. The emergence of new strains or ST types may be due to the 
adaptive changes of the strains to the oligotrophic environment, which may indicate an 
increase in the number of resistant strains or an enhancement ability of strain resistance. 
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In the present study, most of the contaminated bacterial count (72%) is greater than 105 
cfu ml−1; it was a huge amount in PCPs, and most contaminating bacteria showed re-
duced susceptibility in products where MIT/cMIT is present, which is consistent with 
previous studies (43), indicating that the MIT/cMIT in these products cannot inhibit the 
growth of Bcc for several reasons: (i) intrinsic and acquired resistance in Bcc bacteria, 
including effl ux pump, outer membrane permeability barrier, and alterations in drug 
targets (44); (ii) Bcc bacteria has an adaptive mechanism for oligotrophic environments 
that can use substances in the environment as a source of nutrients for metabolism; and 
(iii) preservative compatibility with formulations: formulation water activity, pH range, 
and partition coeffi cients of preservatives (e.g., oil-in-water and water-in-oil emulsions). 
The work of the resistance mechanism will be performed in the next part of our study.

B. cenocepacia is considered one of the most frequent isolates in our collection. B. cenocepa-
cia ST621 was also identifi ed in 42 Bcc isolates, which were obtained from tertiary refer-
ral hospitals (45). The fact that these STs from PCPs were also isolated from patients 
suggested that conservation of intrinsic determinants necessary to thrive in PCPs may 
confer an ability to colonize susceptible humans. Similar reports showed that 21.5% of 
the clinical isolates were indistinguishable by MLST in isolates from environmental 
sources (46). Therefore, more detailed MLST research is needed to study the pathogenic 
members of Bcc in nonclinical settings, and Bcc from clinical sources will be collected for 
further research. 

In this study, a total of 25 Bcc isolates were obtained from contaminated PCPs. B. cenocepacia 
was the most common contaminating microorganism, followed by B. lata and B. cepacia. 
The most common molecular type was ST621. However, Bcc is susceptible to genetic 
mutations that lead to the emergence of new types of mutations. Therefore, continuous 
monitoring and prevention of Bcc stains is extremely necessary, and the low susceptibility 
of Bcc to MIT/cMIT is one of the important reasons for its contamination of PCPs. This 
characteristic of Bcc should be taken seriously by manufacturers to avoid more nosoco-
mial infection due to the use of Bcc-contaminated PCPs. 
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