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Abstract
Green nail syndrome (GNS) is a persistent greenish pigmentation of the nail plate, originally
described in 1944 by Goldman and Fox, due to Pseudomonas aeruginosa infection. Recently,
pulmonary co-infection of P. aeruginosa and Achromobacter spp. has been described in patients
with cystic fibrosis. Achromobacter xylosoxidans is a multidrug-resistant (MDR) pathogen in-
volved in lung and soft tissue skin infections. Both Achromobacter xylosoxidans and P. aeruginosa
are mainly found in humid environments or in water. There are no recognized co-infections due
to P. aeruginosa and A. xylosoxidans in the skin and appendages. We describe two cases of GNS,
the first due to P. aeruginosa associated with Achromobacter xylosoxidans; the other due to MDR
P. aeruginosa, both successfully treated with topical ozenoxacin 1% cream daily for 12 weeks. The
clinical management of GNS can be confusing, especially when the bacterial culture result is
inconsistent or when non-Pseudomonas bacteria are isolated. In our case, due to the co-
infection of P. aeruginosa and Achromobacter spp., local treatment with ozenoxacin – the first
nonfluorinated quinolone – could be a safe and effective treatment in case of MDR nail in-
fections. Further studies are required to evaluate clinical isolation from nail infections and the
co-presence of P. aeruginosa and A. xylosoxidans.
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Introduction

Green nail syndrome (GNS) also known as chloronychia is a persistent greenish pig-
mentation of the nail plate, originally described in 1944 by Goldman and Fox, due to
Pseudomonas aeruginosa infection [1, 2]. P. aeruginosa is a Gram-negative, aerobic, cocco-
bacillus belonging to the Pseudomonadaceae family [3]. These pathogens are widespread in
nature and can be present in soil, water, plants, and animals (including humans). Moreover, P.
aeruginosa is an opportunistic human pathogen that can produce pulmonary, kidney, and
urinary tract infections as well as systemic infections. P. aeruginosa is not part of normal skin
flora and can also be involved in soft tissue, skin, and nail infections in immunocompetent
subjects and patients with immune deficiency syndrome, although infections of the intact nail
are rare [3, 4]. P. aeruginosa is often co-isolated with other microbial species sharing the same
environment, but the available information regarding interactions with emerging pathogens
is still limited. P. aeruginosa and S. aureus are frequently co-isolated in clinical settings. The
co-infection leads to delayed wound repair, increased antibiotic resistance and mortality
related to the mixed-biofilm formation [5].

Recently, pulmonary co-infection of P. aeruginosa and Achromobacter spp. has been
described in patients with cystic fibrosis [6, 7]. Achromobacter xylosoxidans is an emerging,
multidrug-resistant pathogen involved in lung and soft tissue skin infection. It is common in
nature and mainly found in water just like P. aeruginosa [8]. To date, there are no recognized
co-infections due to P. aeruginosa and A. xylosoxidans in skin and skin appendages. In this case
series, we describe the first documented cases of GNS due to P. aeruginosa associated with
Achromobacter xylosoxidans and the first use of ozenoxacin in nail infections.

Case I

A 65-year-old healthy retired woman came to our attention for a symptomatic greenish
discoloration of the nail plate of the right and left fingernails over a period of 10 months. The
patient reported she had suffered from Candida parapsilosis nail infection 2 years before but
did not treat it. Dermatologic examination showed greenish-yellow bilateral discoloration of
the first fingernail. Onychoscopy revealed an intense green color of the nail with shaded and
irregular yellow areas, especially in the proximal area, mild onychodystrophy of the entire nail
plate, onychomadesis, and distal onycholysis (Fig. 1a–c). A predisposing factor was daily
water contact, typical of subjects such as housewives.

The bacteriologic culture of nail clipping was positive for multidrug-resistant (MDR) A.
xylosoxidans and for quinolone-resistant (QR) P. aeruginosa (Table 1). Fungal co-infectionwas
excluded by potassium hydroxide preparation and culture. Due to the co-infection of P.
aeruginosa and A. xylosoxidans, topical therapy with ozenoxacin 1% cream daily for 12 weeks
was prescribed. After 12 weeks of application, the patient presented clinical resolution,
regrowth of the right nail, and disappearance of the chloronychia of the left nail without any
local adverse events (Fig. 1d, e). Follow-up at 12 months did not provide any clinical signs of
re-infection or adverse event.

Case II

A 48-year-old healthy woman came to our attention for an asymptomatic greenish
discoloration of the nail plate of the first left toenail over a period of 15 days. No concomitant
comorbidities were reported. Dermatologic examination showed greenish-yellow bilateral
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discoloration of the first fingernail. Onychoscopy revealed a light greenish, circular area of the
nail with mild onycholysis (Fig. 2).

A gel polish was applied 30 days before and then removed. This caused visible trau-
matization in the distal part of the nail. The bacteriologic culture of nail clipping was positive
for MDR P. aeruginosa (Table 2).

Fungal co-infection was excluded by potassium hydroxide preparation and culture. Due
to MDR P. aeruginosa topical therapy with ozenoxacin 1% cream daily for 12 weeks was
prescribed, with a follow-up after 8 weeks. Follow-up at 11 months did not provide any
clinical signs of re-infection or adverse event. The CARE Checklist has been completed by the
authors for this case series, attached as online supplementary material (for all online suppl.
material, see https://doi.org/10.1159/000533923).

Discussion

The pathogenesis of nail infections caused by P. aeruginosa is not fully elucidated. P.
aeruginosa can be a colonizer on healthy skin but if there is a trauma or alteration of the
nail unit barrier, Pseudomonas can penetrate and lead to a clinically manifest infection.
Onycholysis could be followed by secondary Pseudomonas infection, especially when the
nails are exposed to a warm and damp environment. Chloronychia in Goldman-Fox

a b c

ed f

Fig. 1. a The patient presents bilateral green-yellow discoloration of the nail plate and onycholysis of the
right nail. b Onychoscopy of the right nail reveals diffuse green-yellow pigmentation and onycholysis of
the nail from the matrix. c Onychoscopy of the left nail shows widespread green coloration with
proximal yellow irregular discoloration, suggesting the presence of P. aeruginosa. d The patient
presents resolution of the infections after 12 weeks of topical treatment. No green or structural al-
terations could be detected at macroscopic examination. e Onychoscopy of the right nail reveals
resolution of the green pigmentationwithout permanent alteration. fOnychoscopy of the left nail shows
the absence of the infections and a regrowing white nail with no structural alterations.
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syndrome, including chloronychia and viridionychia, is mainly due to Pseudomonas
aeruginosa, characterized by green discoloration of the nail plate. However, also other
bacteria such as Citrobacter braakii could be involved in this condition [9–11]. Although
the diagnosis of GNS is mainly clinical, bacterial culture should always be performed to
identify non-Pseudomonas bacteria and provide a complete antibiotic resistance profile.
The clinical management of the syndrome can be confusing, especially when the
bacterial culture result is inconsistent or when non-Pseudomonas bacteria or MDR
bacteria are isolated with P. aeruginosa. Lee et al. [10] reported an inconsistent bacterial
culture for P. aeruginosa in 64.7% (17/22) of patients in their study. Moreover, they
identified only 12 cultures positive for P. aeruginosa (35.2%), while 22 (64.7%) resulted
positive for other bacteria. Despite a poor positive rate in P. aeruginosa culture, flu-
oroquinolones have good therapeutic efficacy, with 22 (64.7%) patients showing
complete clearance and eight (23.5%) showing notable improvement [10]. A. xylo-
soxidans should be considered a potential pathogen in patients with skin and soft tissue
infections, especially in patients with vascular diseases or after surgery or trauma. A
history of contact with water should be investigated in all cases [12]. Topical and
systemic fluoroquinolones and aminoglycosides are the mainstay for the treatment of
Gram-negative as Pseudomonas spp. [13, 14]. In our case, due to the nail co-infection of P.
aeruginosa and Achromobacter spp. no guidelines or previous reports have been
published, and antibiotic stewardship has been crucial to act on both pathogens and
thus reduce adverse events. However, for A. xylosoxidans, there are no solid data, in vivo
or in vitro, regarding optimal topical antibiotic treatment [15]. Following the anti-
biogram and after a review of the literature, we decided to treat the patients with topical
ozenoxacin 1% cream for 12 weeks. Ozenoxacin is a topical, fourth-generation qui-
nolone, showing potent antimicrobial activities against Gram-negative and Gram-
positive bacteria and widely used for the treatment of inflammatory acne [16].

Table 1. Antibiotic susceptibility testing
interpreted according to the European
Committee on Antimicrobial Susceptibility
Testing (EUCAST) criteria (2022) for
patient 1

P. aeruginosa A. xylosoxidans
spp. xylosoxidans

Amikacin 2 S 16 R

Cefepime 2 I 16 R

Cefotaxime >64 R

Ceftazidime 2 I 2 S

Ceftazidime/avibactam 2 S 2 S

Ceftolozane/tazobactam 0.5 S 8 R

Ciprofloxacin 0.25 I >4 R

Colistin ≤0.5 S

Gentamicin 1 S 8 R

Imipenem 1 I 1 S

Meropenem ≤0.25 S ≤0.25 S

Meropenem (meningitis) ≤0.25 S

Piperacillin/tazobactam ≤4 I ≤4 S

Tobramycin 1 S 8 R

S, susceptible; I, susceptible, increased exposure; R,
resistant.
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Ozenoxacin is approved in Europe to treat non-bullous impetigo in adults and children
aged ≥6 months [17]. It has excellent in vitro antibacterial activity against Gram-positive
cocci, including QR strains with mutations in the QR determining region, being 3–321-
fold more active than other quinolones [17, 18]. This strong in vitro activity of the new
quinolones is probably based on improved affinity for the DNA gyrase and topo-
isomerase IV targets, creating more potent antibiotic and decreasing the in vitro se-
lection of mutants and the emergence of spontaneous resistant mutants in clinical
settings [19, 20]. In this view, we decided to use ozenoxacin in the treatment of our
patients. To date, no data regarding the use of ozenoxacin have been reported against
Gram-negative Pseudomonas spp. and Achromobacter spp. In our case, we have

a b

c d

Fig. 2. a The patient presents a greenish pigmentation of the distal part of the toenail. b Onychoscopy of
the right nail reveals a diffuse greenish pigmentation and onycholysis, suggestive for P. aeruginosa
infection. c The patient presents a resolution of the distal pigmentation and improvement in onycholysis
of the toenail. d Onychoscopy of the right nail reveals the complete resolution of the green pigmentation
and a light onychomadesis with negative culture.
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described the co-presence of Pseudomonas spp. and Achromobacter ssp., paving the way
for further studies concerning the microbiome of the nail and demonstrating the efficacy
of topical ozenoxacin. More detailed research should be conducted to understand its
clinical administration in MDR nail infections.

Conclusion

The results of our study show that topical treatmentwith ozenoxacin 1%cream can determine
the clinical and microbiological resolution of chloronychia caused by P. aeruginosa and Achro-
mobacter spp. without nail plate removal. Moreover, these cases highlight the complexity of the nail
microbiome in GNS and provide a possible treatment option in case of MDR co-infection of the nail
unit. Nonetheless, future studies are required to evaluate nail infections and the co-presence of P.
aeruginosa and A. xylosoxidans as culprit bacteria in skin and skin appendage infection.
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