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Background: Chromobacterium violaceum (C. violaceum) is a Gram-negative bacterium capable of causing severe infections in both
humans and specific animals. Despite its infrequency, C. violaceum infections exhibit a notably high mortality rate. The timely and
precise detection of this pathogen stands as a critical factor in achieving effective diagnosis and treatment. Traditional diagnostic
approaches possess limitations, particularly in terms of their time-consuming nature and the range of pathogens they can identify.
Metagenomic next-generation sequencing (mNGS) testing has emerged as a highly promising diagnostic tool for infectious diseases.
Methods: Within this case report, we present a patient who developed a C. violaceum infection subsequent to a lower limb infection,
leading to the progression of sepsis, a liver abscess, septic shock, multi-organ dysfunction, and altered mental status. Samples of the
patient’s blood and tissue from the lower limb skin are collected, and the infection is swiftly diagnosed through mNGS, allowing for
the immediate initiation of suitable treatment.

Results: The mNGS results revealed the patient’s infection with C. violaceum. Subsequent conventional bacterial culture results were
concordant with the mNGS findings. Following comprehensive management measures, including prompt and effective anti-infective
treatment, the patient achieved cure and was successfully discharged.

Conclusion: This case underscores the significance of employing advanced diagnostic methodologies like mNGS for the early
detection of uncommon pathogens such as C. violaceum. The expedited diagnosis and timely intervention hold the potential to
substantially enhance patient outcomes in cases of severe infections instigated by this bacterium.
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Introduction

Chromobacterium violaceum (C. violaceum), a gram-negative facultative anaerobic bacillus, thrives in the soil and
stagnant waters of tropical and subtropical climates.! The discovery of C. violaceum dates back to 1881.% In 1905,
Woolley isolated it from a diseased water buffalo in the Philippines and elucidated its pathogenicity that same year.> The
inaugural documented case of human infection emerged in 1927. Since then, around 200 cases have been reported
globally*® with a majority in Southeast Asia and only a handful in China. Distinct regions exhibit unique clinical
features.* ® Notably, C. violaceum infections have an alarmingly high mortality rate, especially among individuals with

sepsis, with reported mortality rates ranging from 57% to 80%.'%"!
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Metagenomic next-generation sequencing (mNGS), an impartial pathogen detection approach, has become an
appealing strategy. Several studies have affirmed the diagnostic advantages of infectious diseases through mNGS.'*'?

We present a rare case of sepsis and a hepatic abscess resulting from a C. violaceum infection in a lower limb. The
patient’s survival hinged on the early diagnosis facilitated by mNGS and subsequent effective treatment.

Case Presentation

On August 19, 2022, a 62-year-old male patient was admitted to the Intensive Care Unit (ICU) of Zhejiang University
School of Medicine’s First Affiliated Hospital. His admission was prompted by a 7-day ulceration on his left lower limb
and 1-day disturbance of consciousness. The patient, identified as a diabetic farmer, had a medical history of type 2
diabetes and had been using the medications dapagliflozin, pioglitazone, and metformin over an extended period.

The sequence of events leading to his admission began with the patient noticing a 10 cm pustule above his left ankle
joint seven days prior (Figure 1A and B). Attempting a home remedy, he used a toothpick to drain the pustule.
Subsequently, he developed a fever with a peak temperature of 40°C. As his self-administered antipyretic medications
proved ineffective, he sought medical attention at Shaoxing People’s Hospital in the Shangyu District.

Diagnostic evaluations unveiled significant laboratory results. His white blood cell count (WBC) was measured at 9.5
x 109/L, with neutrophils (N%) accounting for 84.9%. Inflammation markers were elevated, with C-reactive protein
(CRP) levels reaching 296.4 mg/L. Elevated liver enzymes were also noted, with alanine transaminase (ALT) at 88 U/L.
Creatinine levels were found to be 111.1 pmol/L, glucose was elevated at 22.8 mmol/l, and cardiac markers creatine
kinase isoenzyme (CK-MB) and troponin I were 2.91 ng/mL and 0.03 ng/mL, respectively.

Imaging studies provided further insights into the patient’s condition. Chest CT scans revealed a minor infection in
the right upper lung lobe, accompanied by a small accumulation of fluid within both pleural cavities. Abdominal CT
scans unveiled multiple low-density nodules within the liver. Additionally, a head and neck CT angiography (CTA)
detected multiple calcified plaques within the left internal carotid artery’s cavernous sinus segment, which led to mild
luminal narrowing. Given these findings, the primary diagnoses included lower limb soft tissue infection and sepsis.

Figure | This patient’s left lower limb. (A and B) Upon admission to our hospital. Ulceration of the left lower extremity 10 cm above the ankle joint, and an oval skin
gangrene about 5 cm in diameter was seen 10 cm above the ankle joint of the left lower extremity. (C) Intraoperative clearance on August 24, 2022. (D) Post-implantation
on September |, 2022.
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The initial course of treatment involved the administration of imipenem/cilastatin, alongside other supportive
measures, in an attempt to manage the patient’s worsening condition. Despite these interventions, the patient’s health
continued to decline. On August 19, 2022, he slipped into a coma with a Glasgow Coma Scale (GCS) score of 3+1+1,
accompanied by low blood pressure and oliguria. Subsequently, he was transferred to the ICU of the hospital for more
intensive care.

Upon admission, a physical examination revealed a GCS score of 1+1+1, a body temperature of 36.8°C, a pulse rate
of 131 beats/minute, and a respiratory rate of 26 breaths/minute. His blood pressure of 119/94 mmHg was being
supported with the use of epinephrine. Pupil examination indicated equal size and roundness, albeit with a sluggish
light reflex. Notably, an ulceration measuring approximately 10 cm above the left ankle joint was observed, alongside an
oval-shaped necrotic area roughly 5 cm in diameter on the skin (Figure 1A and B). Further physical examinations did not
yield any remarkable findings.

Laboratory findings upon admission unveiled a WBC count of 2.24 x 10°/L, with neutrophils at 1.91 x 10%/L.
Additional results included a B-type natriuretic peptide precursor quantification of 6938 pg/mL, activated partial
thromboplastin time of 46.0 seconds, prothrombin time of 16.3 seconds, and a D-dimer level of 27,701 ug/L. Notable
liver enzyme levels included ALT at 744 U/L and AST at 3885 U/L. Other values included total bilirubin (TBIL) of 13.9
umol/L, direct bilirubin of 12.6 umol/L, high-sensitivity C-reactive protein at 429.59 mg/L, and procalcitonin (PCT)
exceeding 100.00 ng/mL. The patient’s glycosylated hemoglobin Alc was measured at 10.4%. Arterial lactate was found
to be 2.0 mmol/L, pH stood at 7.20, while the partial pressure of carbon dioxide (PaCO,) and pappenheimer oxygen
(Pa0,) were 28.8 mmHg and 121.0 mmHg, respectively. The tendency changes in the laboratory results and reference
range were summarized in Table 1.

Further imaging and diagnostic procedures were conducted. An abdominal color-Doppler ultrasound indicated
possible abscess formation in the right liver due to heterogeneous echoes. The abdominal CT scan unveiled numerous
low-density lesions within the liver, accompanied by a minor amount of fluid in the abdominal cavity, suggestive of
cholecystitis (Figure 2). The chest CT scan depicted interstitial changes in both lungs, accompanied by pleural effusion
on both sides and partial lung collapse. A head CT scan demonstrated a slightly reduced density patch-like shadow in the
left frontal and vertex regions.

Upon admission, the patient’s Acute Physiology and Chronic Health Evaluation (APACHE) II score was calculated to
be 27, while the Sequential Organ Failure Assessment (SOFA) score was 18. The primary diagnoses included septic
shock, lower limb skin infection, hepatic abscess, and altered consciousness. The patient’s altered state of consciousness
was attributed to hypoperfusion of the left cerebral hemisphere due to septic shock-induced effects. This conclusion was
drawn from a result of a CTA showing chronic occlusion in the left internal carotid artery.

For treatment, a combination of Levofloxacin (500 mg QD) and Meropenem (1g Q8H) was administered to combat
the infection. Various medical interventions were employed, including fluid resuscitation, continuous norepinephrine
infusion to maintain mean arterial pressure above 80 mmHg, administration of acetylcysteine and Levosimendan, along
with Dobutamine to enhance myocardial function. Low molecular weight heparin (LMWH) was used for anticoagulation,
and interventions were targeted at liver support, blood sugar control, and addressing hypoalbuminemia. Mechanical
ventilation was applied through endotracheal intubation to alleviate respiratory distress. Continuous renal replacement
therapy (CRRT) was utilized for electrolyte balance and acid-base regulation, along with nutritional support.

Importantly, ultrasound-guided percutaneous drainage of the hepatic abscess resulted in obtaining a pale brown
purulent fluid for bacterial analysis. To ascertain the pathogen causing the limb infection, a blood sample was subjected
to Next-Generation Sequencing (NGS) testing,'®> which identified C. violaceum on August 21, 2022 (Figure 3B).
Treatment for the C. violaceum infection continued with Levofloxacin and Meropenem.

On August 24, 2022, necrosis in the left calf, accompanied by local oozing and a foul odor, prompted surgical
debridement. The procedure involved the thorough removal of necrotic tissue, followed by the application of
a fasciocutaneous flap and repair of the exposed bone surface with antibiotic bone cement (Figure 1C). Continuous
vacuum sealing drainage (VSD) was employed as part of the treatment.
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Table | Biological Parameters of the Patient

Reference August August August August August August August August August August August September September September September

Range 17 19 20 21 22 23 24 25 27 29 31 2 8 15 22
WBC (10°/L) 4-10 9.5 3.0 3.10 4.88 9.73 9.56 543 5.63 7.99 8.75 6.75 5.30 6.15 5.13 6.37
Neutrophil (|09/L) 2-7 8.1 2.61 2.65 4.46 8.66 851 4.63 4.83 7.29 7.97 571 4.12 443 3.62 4.12
HB (g/L) 132-172 98 85 90 80 79 86 76 66 59 50 52 46 60 63
PLT (10°/L) 83-303 199 94 75 60 45 36 31 36 53 80 151 264 165 180 160
CRP (mg/L) 0-8 296.4 492.92 417.53 382.01 164.73 74.95 90.36 88.22 124.26 133.51 102.18 64.69 122.17 49.69 26.95
PCT (ng/mL) 0-0.5 >100.00 86.60 52.80 31.56 9.94 6.26 312 1.55 0.98 1.00 0.67 2.04 023 0.34
T. BIL (umol/L) 0-26 13.9 18.4 17.2 14.4 18.2 16.8 18.4 16.8 17.3 30.8 18.3 12.9 13.1 12.7
D. BIL (umol/L) 0-8 12.6 17.5 14.7 10.4 12.0 10.4 9.7 10.8 10.6 18.0 10.5 9.7 9.0 73
TBA (umol/L) 0-10 16.9 1.7 14.2 10.3 6.3 57 36 16.7 53 2.7 5.6 6.6 10.6 238
ALT (U/L) 9-50 88 744 905 744 410 282 189 11 100 86 80 42 18 I 9
AST (U/L) 15-40 3885 4112 1475 315 171 75 35 105 57 58 25 25 21 22
GGT (UL) 10-60 98 86 84 6l 96 I 88 152 148 175 143 75 40 22
LDH (U/L) 120-250 2410 2701 1107 460 505 387 358 349 285 239 206 215 236
AKP (U/L) 45-125 173 153 149 137 161 163 140 209 208 217 168 127 133 148
Plasma ammonia 1047 37 53 7 4 8 15.0
(umol/L)
GLU (mmol/L) 22.8 12.50 11.50 9.50 820 10.30 10.80 6.00 11.50 8.20 9.90 8.90 830 7.40 6.40
BUN (mmol/L) 8.6 12.21 11.38 9.18 11.25 7.30 9.80 8.04 579 6.35 6.89 9.12 9.80 6.05 431
Cr (umol/L) 57-111 [NIN] 141 108 67 60 45 58 52 44 44 42 43 45 48 32
PT (S) 10-13.5 17.5 19.1 16.0 15.1 13.8 14.3 14.5 14.7 14.1 14.4 13.6 14.6 16.3 13.6
APTT (S) 23.9-33.5 49.3 57.3 52.5 49.6 39.0 420 429 454 39.1 36.9 34.0 385 478 46.7
D-dimer (ug/L FEU) 0-700 30,573 33,722 29,677 23,094 29,804 71,605 80,925 18,831 9410 10,254 7333 8730 3180 1740
HbAIc 10.4%
B-hydroxybutyric acid 0.02-0.27 1.99 0.10 0.05 0.06
(mmol/L)
LAC (mmol/L) 0.5-1.6 33 2.6 1.3 1.5 1.0 1.2 1.0 1.2 0.7 0.6 1.5 0.8 1.1 0.8

Abbreviations: WBC, white blood cell; HB, hemoglobin; PLT, platelet; CRP, C-reactive protein; PCT, procalcitonin; T.BIL, total bilirubin; D.BIL, direct bilirubin; TBA,

total bile acid; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; LDH, lactate dehydrogenase; GGT, gamma-glutamyl transpeptidase; AKP, alkaline phosphatase; GLU, Serum glucose; LPS, lipase; Cr, creatinine; PT, prothrombin time; APTT, activated partial; HbAlc, Serum Glycated
hemoglobin Alc; PT, thromboplastin time; LAC, Whole blood lactic acid; D-dimer, Plasma D-dimer; plasma ammonia; B-hydroxybutyric acid, Serum B-hydroxybutyric acid.
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Figure 2 Abdominal CT images of the patient. Abdominal CT image results showed multiple hypodense foci in the liver and a small amount of fluid in the abdominal cavity.
(A and B) Abdominal CT on August 19, 2022. (C and D) Abdominal CT on August 21, 2022.

Tissue samples were collected for NGS testing, confirming the presence of C. violaceum (Figure 3C). The subsequent
conventional bacterial culture results aligned with the findings of mNGS (Figure 3A). Susceptibility testing demonstrated
sensitivity to both Levofloxacin and Meropenem.

The patient’s condition exhibited gradual improvement post-treatment. By the sixth day of admission (August 24,
2022), vasopressors were discontinued, lactate levels normalized, and septic shock resolved. Respiratory function
significantly improved, with an oxygenation index surpassing 300. Meanwhile, body temperature and inflammatory
markers decreased (procalcitonin 3.12 ng/mL, high-sensitivity C-reactive protein 88.22 mg/L on August 25). The patient
regained consciousness and was able to follow medical instructions. Renal function improved notably, with a 24-hour
urine output of approximately 3750 mL on August 22, leading to discontinuation of CRRT. On August 25, the patient
successfully underwent tracheal tube removal and weaning off the ventilator post-respiratory exercises. At this point, his
APACHE II score stood at 11, and the SOFA score was 3.

On September 2, 2022, the patient was transferred from the ICU to the general ward of the infection division.
Continued improvement in his condition led to his discharge from the hospital on September 22, 2022, with plans for
outpatient follow-up care.

Discussion

C. violaceum infections in humans are indeed rare occurrences. Risk factors associated with such infections include
exposure to contaminated environments and chronic immunosuppressive conditions like diabetes mellitus, glucose-
6-phosphate dehydrogenase (G6PD) deficiency, and chronic granulomatous disease (CGD).'*'> Moreover, individuals
with compromised immune systems are more susceptible to these infections.'> The clinical spectrum of C. violaceum
infections is quite broad, with common symptoms encompassing soft tissue and organ infections, liver abscesses,
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Figure 3 (A) Blood specimens were cultured for Chromobacterium violaceum by general bacteriophage culture. (B) Blood samples were tested by next-generation
sequencing (NGS) on August 21, 2022, and Chromobacterium violaceum was detected. (C) Tissue samples confirmed Chromobacterium violaceum, with Next-Generation
Sequencing (NGS) on August 24, 2022.

meningitis, and hemolytic-uremic syndrome. Notably, disseminated infections, which include sepsis, septic shock, multi-
organ dysfunction syndrome, and neurological complications, often lead to fatal outcomes.'® It’s worth mentioning that
C. violaceum infection is frequently associated with chronic granulomatous disease (CGD), neutrophil dysfunction, and
Glucose-6-Phosphate Dehydrogenase deficiency (G6PDD)."”

Our case involves a 62-year-old male with a history of diabetes who initially presented with skin ulceration on the lower leg,
which subsequently progressed to sepsis, liver abscesses, septic shock, multi-organ dysfunction, and altered consciousness.
Importantly, the patient had no history of diarrhea, suggesting that the infection likely resulted from exposure of the wound to soil
and stagnant water. The localized infection on the lower extremity eventually spread to the bloodstream, disseminating to the liver.

Diagnosing C. violaceum infections can be challenging due to their rarity and similarity to other bacterial infections.
Laboratory diagnosis typically involves isolating and identifying the bacteria from clinical specimens, where it appears as
violet or purple colonies on agar medium. Biochemical tests, such as oxidase and catalase testing, can further confirm the
identification. Clinically, most cases are confirmed by culturing the bacteria from secretions, body fluids, and blood.
However, confirming non-pigmented strains can be extremely difficult, despite their pathogenicity being unrelated to
pigment production.'” C. violaceum is generally considered to be of low virulence, but highly virulent strains possess
high levels of superoxide dismutase and catalase, which might protect them from human phagocytic attacks, resulting in

severe and often fatal human infections.'®
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Early diagnosis, timely intervention, and appropriate treatment are paramount in improving the prognosis of
C. violaceum infections. Metagenomic testing, based on high-throughput sequencing technologies like Illumina and
the Beijing Genomics Institute (BGI), has emerged as a crucial tool. Metagenomic next-generation tests analyze all
genetic material in a sample, including host and pathogen DNA or RNA. By comparing the obtained sequences to
existing nucleotide sequences of microbes in databases, suspicious pathogenic microorganisms can be identified.'
Currently, the most common NGS applications in diagnostic microbiology laboratories include targeted NGS with
various enrichment methods, such as amplification or probe hybridization, and mNGS.'?

To date, there have been relatively few reported cases, with only a small proportion diagnosed by mNGS.” In our case,
determining the source of fever and sepsis following the patient’s admission with lung infection and pleural effusion on
chest CT necessitated differentiation. By obtaining blood samples, pus, and tissue samples from the infected area of the
lower limb for routine bacterial culture and mNGS, we were able to detect C. violaceum by mNGS in both the blood and
local tissue samples. This led us to consider the lower limb skin infection as the potential source of sepsis and liver abscess
in this case. The early and accurate diagnosis of C. violaceum infection through mNGS allowed us to promptly administer
a combination of intravenous levofloxacin and meropenem, ultimately leading to a better prognosis for the patient.

Due to the rarity of this infection, there is limited data available regarding the antibiotic susceptibility pattern of this
microorganism. It is known that C. violaceum exhibits resistance mechanisms to many antibiotics, including multidrug
efflux pumps,' and is generally resistant to penicillins and cephalosporins.'* Empirical treatment often involves antibiotic
combinations based on susceptibility testing results, such as aminoglycosides (amikacin, gentamicin), fluoroquinolones,
trimethoprim-sulfamethoxazole, and meropenem. The goal of presenting this case is to provide clinicians with further
insights into C. violaceum infection, facilitating early recognition and diagnosis. Ultimately, the aim is to reduce
mortality rates associated with this infection through timely comprehensive treatment and critical care support.

Conclusion

C. violaceum is a rare yet potentially severe pathogen that can result in serious infections in humans. This case reiterates
that C. violaceum infections can be effectively treated. Timely identification, precise diagnosis, and comprehensive
treatment are pivotal for enhancing the prognosis. Next-generation sequencing may offer greater sensitivity in pathogen
detection, facilitating early diagnosis and more focused antimicrobial therapy. Furthermore, it is imperative to bolster public
health measures for infection prevention and control to mitigate the impact of this uncommon bacterium on human health.
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