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Background: Chromobacterium violaceum (C. violaceum) is a Gram-negative 

bacterium mainly held to be a harmless saprophyte and only known as a biosensor strain 

for quorum sensing studies. However, the emergence of C. violaceum as an opportunistic 

pathogen is evident. In the present study, we aimed to isolate C. violaceum from soil and 

to test the ability of the isolates to cause infection in a murine model. Methodology: C. 

violaceum strain YM1 was isolated from soil using rice grains enrichment method. We 

identified the bacterium based on its biochemical characteristics using API 20NE as well 

as Vitek2. The identity of the bacterium was further confirmed on the molecular basis by 

phylogenetic analysis of the 16S rRNA gene sequence (GenBank accession number: 

MK660325). We then tested the pathogenicity of strain YM1 in a murine infection model. 

Results: Identification of strain YM1 revealed that it was closely related to the type 

strain C. violaceum ATCC 12472. Infectious doses of 10
4
-10

8
 cfu of YM1 were able to 

cause disease in mice when introduced via the intraperitoneal route. Furthermore, we 

provide experimental data on the antibiotic resistance phenotype of the soil isolate. 

Strain YM1 was resistant to multiple antibiotics to which the reference strain was 

susceptible. Fortunately, strain YM1 was found susceptible to fluoroquinolones; 

ciprofloxacin, levofloxacin, and norfloxacin.  Conclusion: Here, we report on the 

potential clinical significance of soil isolates of C. violaceum that could be pathogenic 

despite their free-living style. Data presented here suggest that it is necessary to 

recognize C. violaceum as a suspected pathogen especially in conditions involving skin 

injury associated with soil.  

 

INTRODUCTION 
 

Chromobacterium violaceum (C. violaceum) is a 

saprophytic bacterium that is associated with soil and 

water habitats in tropical and subtropical areas. This 

bacterium is a Gram-negative, facultative anaerobe, 

motile, catalase and oxidase positive bacillus. 

Taxonomically, C. violaceum was classified in class 

Betaproteobacteria, order Neisseriales, family 

Neisseriaceae
1
 and now in the newly proposed family 

Chromobacteriaceae
2
. The Genus Chromobacterium 

comprises 11 recognized species. Pigmented strains of 

C. violaceum form smooth violet colonies on agar 

culture media due to the production of water-insoluble 

pigment called violacein. This pigment, therefore, 

allows rapid identification of the bacterium in mixed 

cultures. It is also considered the main secondary 

metabolite of C. violaceum and exhibits a number of 

biological activities as well as pharmacological 

applications
3
.  

For many years, C. violaceum was mainly held to be 

a harmless saprophyte and only known as a biosensor 

strain for quorum sensing studies
4
. However, despite the 

free-living style of C. violaceum, it has been found to 

cause infection in human. The first case of C. violaceum 

infection in man was reported from Malaya by Lesslar 

in 1927
5
. Since then, more than 150 cases of C. 

violaceum infection were reported worldwide. Due to 

the escalated number of reported cases and the severity 

of disease, the bacterium is now considered an emergent 

pathogen. It has been associated with pneumonia, 

gastrointestinal infection, meningitis, endocarditis, liver 

abscesses, and sepsis
6
. Contamination with soil infested 

with the organism is thought to be the primary source of 

infection as C. violaceum could not be isolated from 

food and is not part of the normal flora of the human 

body. 

There is a number of publications that reported the 

isolation of C. violaceum from different ecosystems. 

However, reports about the disease-causing ability of 

soil isolates of this bacterium are rare especially in 
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Egypt. Therefore, this study was designed to isolate C. 

violaceum from soil and to test the ability of the isolates 

to cause infection in a murine model.  Antibiotic 

susceptibility of the soil isolate was also investigated. 

To the best of our knowledge, this is the first report on 

the pathogenic nature of C. violaceum strains from 

Egypt. 

 

METHODOLOGY 
 

Isolation of C. violaceum from soil: 

We attempted to isolate C. violaceum using culture 

media suggested for the enumeration of these bacteria 

such as Bennet’s agar
7
 and Ryall & Moss agar

8
, as well 

as common media such as Lauria Bertani (LB) agar and 

Nutrient agar (HiMedia). A simple old method of 

isolation of C. violaceum developed by Corpe
9
 was also 

used. Soil samples were collected from agricultural 

lands around the applied research centre of medicinal 

plants, Giza, Egypt. Serial 10-fold dilutions of each soil 

suspension were made in sterile distilled water and 

spread onto the appropriate agar plate. For Corpe 

method, five grams of each soil sample were spread in 

sterile 15-cm glass petri dishes, soaked with sterile 

distilled water and sprinkled with precooked rice grains. 

Plates were incubated at 25 ºC for 5 days.  

Phenotypic characterization of isolates: 

Isolates were preliminarily identified by their 

cultural, morphological and biochemical characteristics 

compared to those of the type strain C. violaceum 

ATCC 12472
10

. Motility was detected using a semi-

solid agar medium
11

. Catalase production was assessed 

using 3% hydrogen peroxide. Oxidase activity was 

tested using oxidase discs (HiMedia) for cultures grown 

on Muller Hinton agar (MHA) for 24h to prevent 

obscuring the reaction by the pigment. Pigmentation of 

cultures grown on MHA was not observed before 48h of 

incubation (this study). Cyanid production, indole 

production, growth at different temperatures and NaCl 

concentrations, anaerobic growth, utilization of 

carbohydrates were carried out according to standard 

protocols
12, 13

. Haemolysis assay was performed on LB 

agar supplemented with 5% sheep blood
14

. 

Identification of the selected isolate: 

The selected isolate YM1 was identified using API 

20NE strips (bioMérieux) according to the 

manufacturer’s instructions. The identification was also 

confirmed by Vitek-2 system (bioMérieux) using 

colorimetric GN cards. Bacterial suspension was 

prepared using a Densicheck system (bioMérieux) and 

the strain was tested according to the manufacturer’s 

instructions. The Vitek-2 system software analyzed the 

data and the result was automatically reported
15

. 

16S ribosomal RNA gene amplification and 

sequencing: 

Genomic DNA was prepared according to a 

published protocol
16

. Primer pair YM1-F (5’-

GCGGTTGTGCAAGTCTGATG-3’) and YM1-R (5’-

CCTCCTTGCGGTTAGCCTAC-3’) was used to 

amplify an 874-bp fragment of the 16S rRNA gene by 

PCR (SensoQuest GmbH, Germany). The PCR reaction 

(100 l) was set up as follows; 5 l (~500 ng) genomic 

DNA, 1 M of each primer (Sigma), 10 l of thermopol 

buffer, 2 l of MgSO4, 2 units of Vent® polymerase and 

50 M of dNTPs (Promega). The reaction volume was 

made up to 100 l using dH2O. The PCR reactions were 

heated to 95C for 5 min and run through 35 cycles of 

(95C for 30s, 60 C for 30s, 72 C for 1 min) and then 

heated to 72 C for 5 min. 

Purified PCR product was sent to Sigma-Scientific 

Co. for sequencing. DNA Sequence was carried out 

based on the dideoxy method developed by Sanger et 

al
17

. Sequence homology searches were performed 

using BLAST
18

 and the NCBI 

(https://www.ncbi.nlm.nih.gov/). Phylogenetic analysis 

was inferred by Tree Viewer 1.17.5 software using the 

neighbour-joining method
19

 calculated by Kimura’s 

two-parameter model
20

. 

Nucleotide sequence accession number: 

The 16S rRNA partial gene sequence of the soil 

isolate (Chromobacterium violaceum strain YM1) was 

deposited in the GenBank Data Library under accession 

number (MK660325).  

Mouse infection model and in vivo experiment:  

Female BALB/c mice were housed at the faculty of 

science and arts, Khulais, University of Jeddah 

according to the standard laboratory animal care 

advisory committee guidelines. To prepare the standard 

inocula of bacteria, Cells from 900 l of glycerol stock 

were collected by centrifugation at 13,000 g for 3 min. 

Pellets were resuspended in 900 l of sterile phosphate 

buffered saline (PBS) and diluted as necessary to give 

different infectious doses (10
2
-10

8
 cfu). The infectious 

doses were confirmed by plating out serial dilutions on 

LB agar medium. A group of five mice was used for 

each infectious dose as well as an uninfected control 

group. Mice were injected with 200 l of bacterial 

suspension containing the appropriate infectious dose of 

either strain YM1 or 12472 into their peritoneal cavities. 

Mice were observed daily for two weeks to evaluate 

survival
21

. When showing signs of lethargy or upon 

becoming moribund, mice were humanely euthanized 

and were considered to reach the endpoint of the 

experiment
22

.  

Susceptibility of C. violaceum YM1 to different 

antibiotics: 

Susceptibility tests were carried out by disc diffusion 

method according to the guidelines of the CLSI
23

. MHA 

medium was poured in petri dishes and allowed to 

solidify before the test bacteria were streaked onto the 

surface of the agar. Antibiotic discs were placed on the 

surface of the agar and the plates were left in a 

refrigerator for 2 hours to allow the diffusion of 
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antibiotics. Plates were then incubated at 28 ºC for 24 

hours. The inhibition zone (if any) around each 

antibiotic disc was measured. Interpretation of results 

was according to CLSI
23

.  

Statistical analysis: 

Statistical analyses were performed using Student’s 

t-test. A P value of ˂ 0.05 was considered statistically 

significant. 

 

RESULTS 
 

Recovery of C. violaceum:  

Attempts to isolate the bacterium using common 

culture media were unsatisfactory. Pigmented bacteria 

suspected to be C. violaceum was only isolated using 

rice grains enriched soils. We could observe the violet-

coloured growth of isolates on rice grains after 3 days of 

incubation at 25 ºC. Fourteen isolates were recovered 

from different soil samples and were assigned YM1 

through YM14. 

Characterization of isolates: 

All 14 isolates were Gram-negative round-ended 

bacilli. Table 1 summarizes the results of phenotypic 

and physiological characterization of all isolates. Five 

isolates; YM2, 5, 6, 7, and 14 were non-motile, unable 

to produce cyanide, oxidase negative and grew at 4ºC 

but not at 37ºC. These features characterize the Genus 

Iodobacter rather than Chromobacterium.  The other 

nine isolates were motile, six of which; YM3, 4, 8, 9, 

12, and 13 were again unable to produce cyanide, grew 

at 4ºC but not at 37ºC or anaerobically suggesting that 

they were probably related to the Genus 

Janthinobacterium. With two of the remaining three 

isolates; YM10 and YM11 oxidase negative, only 

isolate YM1 showed the perfect match of the 

characteristics of the Genus Chromobacterium. Isolate 

YM1 was therefore selected for further studies. 

 

 

 

Table 1. Description of phenotypic and physiological characteristics of violet-pigmented soil isolates 
Characteristic  

    

ATCC 

12472 

YM1 YM2 YM3 YM4 YM5 YM6 YM7 YM8 YM9 YM10 YM11 YM12 YM13 YM14 

Motility + + - + + - - - + + + + + + - 

Catalase + + + + + + + + + + + + + + + 

Oxidase + + - + + - - - + + - - + + - 

Cyanide production + + - - - - - - - - + + - - - 

Indole production - - - - - - - - - - - - - - - 

Haemolysis + + + - - + + - - - - - - - + 

Growth at                

4 ºC - - + + + + + + + + - + + + + 
37 ºC + + - - - - + - - - + - - - + 

2% NaCl + + + + + - + + + + + + + + - 

4% NaCl - - - - + - - - - - - - - - - 

Anaerobic growth + + + - - + + + - - + + - - + 

Growth on citrate + + + + + + + + + + + + + + - 
Acid from                

Glucose + + + + + + + + - + + + - + + 

Inositol - - - - - - - + - - - - - - - 

Maltose - - + + + + + + + + - - + + + 
Mannitol - - - - - - - - - - - - - - - 

Sucrose - - - + - - - + + - - - - - - 

 

 

 

Biochemical and molecular identification of isolate 

YM1: 

Isolate YM1 was identified to the species level by 

API 20NE strip. The isolate gave a numerical profile of 

5150555 which was 99.9% identified as C. violaceum 

(T value was 0.91) with no test results against this 

identification. Identification was also confirmed by 

Vitek-2 system using GN card. Furthermore, we 

analyzed the sequence of the 874-bp fragment from 

position 578 to 1451 of the 16S rRNA gene. BLASTN 

results and phylogenetic analysis revealed that isolate 

YM1 shared identical 16S rRNA gene sequence with 

the type strain C. violaceum ATCC 12472 as well as C. 

violaceum NBRC 12614 and C. violaceum JCM 1249. 

For other species of the Genus, similarity ranged from 

96.58 to 99.31% (Figure 1). 
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Fig. 1: Phylogenetic tree based on 16S rRNA gene sequence showing C. violaceum YM1 strain and other 

Chromobacterium spp. The tree was inferred using the neighbour-joining method calculated by Kimura’s two-

parameter model.  

 

 

Pathogenicity of C. violaceum YM1: 

Virulence of C. violaceum in animal models of 

infection has been reported before
24, 25

. Here, we sought 

to characterize the virulence of isolate YM1. All mice 

infected with 10
8
 or 10

7
 cfu/mouse started to show 

symptoms of illness at 24h post infection, and were 

dead by 48h or 72h, respectively (Figure 2A). At  5 or 7 

days post infection, 80% of mice infected with 10
6
 or 

10
5
 cfu/mouse died, whereas a dose of 10

4
 was able to 

kill 60% of the tested animals 8 days after infection. On 

the other hand, mice infected with 10
3
 or 10

2
 cfu/mouse 

survived the course of infection similar to the control 

uninfected group (Figure 2A). We also investigated the 

virulence of the type strain ATCC 12472 in the same 

murine model. It was able to cause infection in mice at 

higher infectious doses (10
4
-10

8 
cfu) but not at lower 

ones (10
2
 or 10

3 
cfu) similar to the soil isolate YM1 

(Figure 2B). A dose of 10
3 

cfu resulted in death of 20% 

of mice. However, this was not statistically significant 

compared to the control uninfected group. 

 

 
 Figure 2: Survival of BALB/c mice infected with either the soil isolate C. violaceum strain YM1 in (A) or the 

type strain C. violaceum ATCC 12472 in (B). Mice were infected intranperitoneally with the indicated infectious dose 

and were observed daily for two weeks to evaluate survival. *, P˂ 0.05 for shorter survival times for infected mice than 

for the control uninfected group. 
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Antimicrobial susceptibility of isolate YM1: 

We tested the susceptibility of our isolate to 32 

antibiotics by disc diffusion method with the type strain 

ATCC 12472 used as a reference. Similar to the 

reference strain, isolate YM1 was sensitive to 

Amikacin, Ciprofloxacin, Doxycycline, Erythromycin, 

Gentamicin, Imipenem, Levofloxacin, Nitrofurantoin, 

Norfloxacin, Piperacillin, Piperacillin-Tazobactam, 

Tigecycline, Tobramycin, and Trimethoprim/ 

Sulphamethazole (table 2). However, it was found 

resistant to Azithromycin, Chloramphenicol, 

Clarithromycin, Fusidic acid, and linezolid to which the 

reference strain was susceptible. Of the tested 

antibiotics, fluoroquinolones; Ciprofloxacin, 

Levofloxacin, and Norfloxacin exhibited the highest 

activities against both YM1 and ATCC 12472. 

 

 

Table 2: Antibiotic susceptibility of C. violaceum strain YM1 compared to that of the type strain ATCC 12472 

Antibiotic Disc content (µg) Inhibition zone, mm (interpretation)
a
  

C. violaceum YM1 C. violaceum 12472 

Amikacin 30 32 (S) 22 (S) 

Amoxicillin/Clavulanic acid 30 6 (R) 6 (R) 

Ampicillin/Sulbactam 20 6 (R) 6 (R) 

Azithromycin 15 6 (R) 36 (S) 

Cefepime 30 6 (R) 6 (R) 

Cefoperazone 75 6 (R) 6 (R) 

Cefotaxime 30 6 (R) 6 (R) 

Ceftazidime 30 6 (R) 6 (R) 

Ceftriaxone 30 6 (R) 6 (R) 

Cefuroxime 30 6 (R) 6 (R) 

Chloramphenicol 30 6 (R) 26 (S) 

Ciprofloxacin 5 40 (S) 50 (S) 

Clarithromycin 15 15 (R) 25 (S) 

Clindamycin 2 6 (R) 6 (R) 

Doxycycline 30 30 (S) 51 (S) 

Erythromycin 15 23 (S) 40 (S) 

Fosfomycin 200 9 (R) 9 (R) 

Fusidic acid 10 6 (R) 20 (S) 

Gentamicin 10 23 (S) 27 (S) 

Imipenem 10 39 (S) 36 (S) 

Levofloxacin 5 35 (S) 50 (S) 

Linezolid 30 6 (R) 28 (S) 

Meropenem 10 6 (R) 6 (R) 

Nitrofurantoin 300 30 (S) 38 (S) 

Norfloxacin 10 33 (S) 53 (S) 

Oxacillin 5 6 (R) 6 (R) 

Piperacillin 100 25 (S) 21 (S) 

Piperacillin-Tazobactam 110 35 (S) 29 (S) 

Teichoplanin 30 6 (R) 9 (R) 

Tigecycline 15 21(S) 36 (S) 

Tobramycin 10 22 (S) 23 (S) 

Trimethoprim/Sulphamethazole 25 21 (S) 20 (S) 
a
, based on the CLSI for non-enterobacteriaceae 

23
 

 

 

DISCUSSION 
 

It is known that C. violaceum constitutes a minor 

component of the total soil microflora. Failure to 

recover C. violaceum using common culture media in 

this study could, therefore, be attributed to the 

overgrowth of the large number of other bacteria that 

coexist with it. Analysis of the genome revealed the 

existence of genes necessary for the adaptability of this 

bacterium to a wide range of environmental conditions 

such as UV radiation
26

. Proteomic analysis has also 

identified numerous proteins associated with alternative 

pathways for energy generation, cell motility, and 

secondary metabolism
27

 that could help the organism 
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cope with different environmental stresses. We were 

able to isolate C. violaceum only when using rice 

grains-enrichment soils
9
. We identified the bacterium to 

the Genus level using conventional methods. API 20NE 

and Vitek2 were used to identify the organism to the 

species level. We focused only on the single isolate that 

shared identical physiological characteristics with the 

type strain C. violaceum ATCC 12472. Other isolates 

showed physiological and phenotypical similarities to 

the Genera Janthinobacterium and Iodobacter, species 

of which were formerly grouped in the Genus 

Chromobacterium as violet pigment producing 

bacteria
28

. We also confirmed the identification using a 

molecular approach. Analysis of the 16S rRNA 

sequence and phylogenetic tree confirmed that strain 

YM1 isolated in this study is closely related to the type 

strain C. violaceum ATCC 12472. It was important to 

use multiple methods for identification because 

misidentification of Burkholderia pseudomallei as C. 

violaceum has been reported
29

. 

Despite being rare, human infection with C. 

violaceum does occur. The infection is characterized by 

rapid progress to sepsis
30

. Skin injury in association 

with exposure to contaminated soil or water is believed 

to be the main factor predisposing to infection. A study 

of 106 patients revealed that 68% had skin lesions 

during the clinical course, 82% had sepsis at 

presentation with C. violaceum as the single causative 

agent in blood culture of 58% of them
30

. In support of 

this belief, Madi and co-workers have reported a case of 

C. violaceum septicemia with multiple liver abscesses 

for a patient who had a history of trauma to her leg 

while working in a farm
31

. In the present study, we 

tested the ability of strain YM1 to cause infection in a 

mice model to find out whether C. violaceum could be 

pathogenic directly from soil. Pathogenicity of C. 

violaceum in mice was reported for strain 6357, which 

was isolated from human
32

 and for strain CVN, which is 

a spontaneous nalidixic acid-resistant strain of the type 

strain 12472
21

 as well as for strain 12472
24, 25

. Virulence 

of soil isolates of C. violaceum in mice was not tested 

before. The results of our study revealed that the soil 

isolate of C. violaceum YM1 was able to cause infection 

in BALB/c mice when introduced via the intraperitoneal 

route. Reported virulence of the type strain 12472
24, 25

 

was also confirmed here except for lower infectious 

doses (10
2
 and 10

3
 cfu/mouse) contrary to a published 

data
25

. This could be due to difference in the animal 

models used. 

Knowledge of the pathogenesis of C. violaceum 

infection is far from complete. The release of the 

genome sequence of C. violaceum ATCC 12472
10

 has 

enabled the study of the mechanisms of virulence of this 

bacterium. One of the most important virulence factors 

is the type III secretion system (T3SS), a needle-like 

structure composed of multiple proteins which is 

believed to enable bacteria inject virulence-associated 

effectors into host cells
33

. C. violaceum encodes two 

T3SSs whose genes are clustered in Chromobacterium 

pathogenicity islands 1, 1a, and 2 (Cpi-1, Cp-1a and 

Cpi-2)
34

. Cpi-1/-1a-encoded T3SS was found to be a 

major virulence determinant that causes fatal infection 

by the induction of cell death in hepatocytes of mice
21

. 

Although the role of Cpi-2 is still unclear, it could be 

required for survival of C. violaceum within 

macrophages similar to the role of the corresponding 

Cpi-2 in Salmonella
35

. Two-component systems 

involved in C. violaceum pathogenicity were also 

identified. Quorum-sensing system was found to be 

responsible for pathogenicity in a nematode model
36

. A 

more recent study has proposed that the C. violaceum 

OhrA/OhrR system is required for bacterial defense 

against organic hydroperoxides (OHPs) and to modulate 

virulence in the host
24

. Deletion in ohrR gene resulted in 

the downregulation of hemolysin, chitinase, and 

collagenase, which are known virulence factors
24

. Other 

virulence factors include type VI pilli involved in cell 

adhesion and motility, lipopolysaccharides and 

peptidoglycan that trigger host immune response 

resulting in septic shock
34

, and secreted virulence 

determinants including collagenase
37

. 

Diseases caused by C. violaceum proved to be fatal 

in many cases. Therefore, early diagnosis based on 

bacterial culture and susceptibility data could be life-

saving. However, data on the antimicrobial 

susceptibility of C.violaceum strains is limited because 

their isolation is rare. We aimed to investigate the 

antimicrobial susceptibility profile of YM1. Results 

suggested a multidrug resistance phenotype of YM1 

compared to that of the type strain. The phenomenon of 

intrinsic resistance in C. violaceum was described based 

on genes associated with drug resistance identified in 

the genome of the type strain ATCC 12472. Open 

reading frames linked with different mechanisms of 

antibiotic resistance such as beta-lactam and multidrug 

resistance were reported
38

. These genes are expected to 

provide a survival advantage of C. violaceum over 

competing microorganisms. Results of the present study 

also revealed that fluoroquinolone; ciprofloxacin, 

Levofloxacin, and Norfloxacin showed the highest 

activity against YM1 as well as against the reference 

strain. This is in agreement with a reported data 

suggesting that sensitivity of C. violaceum strains to 

Quinilones was between 94 and 100% of the tested 

strains
30

. Moreover, ciprofloxacin was reported as an 

effective treatment for C. violaceum infection
39, 40

. 

 

CONCLUSION 
 

We show that a soil isolate identified as C. 

violaceum is pathogenic in an animal model of infection 

and provide data on its antibiotic resistance phenotype 

as well as effective antibiotics that could be considered 

for treatment of infection caused by this bacterium. Data 
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presented here as well as previous data on the unique 

adaptability of this bacterium to extreme conditions 

suggest that this organism could be emerging as a 

“professional” pathogen.  
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