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Abstract: Mycobacterium marinum is an atypical bacterium, and skin infections caused by it are relatively rare, usually occurring in 
workers engaged in seafood processing and housewives who clean and prepare fish for consumption. The infection often occurs after 
the skin is punctured by fish scales, spines, etc. The JAK/STAT signaling pathway is closely related to the human immune response to 
infections. Therefore, JAK inhibitors may induce and exacerbate various infections in clinical practice. This article reports a case of 
mycobacterium marinum skin infection in the left upper limb of a female patient with chronic idiopathic myelofibrosis during 
treatment with ruxolitinib. The patient denied being punctured or scratched by fish scales or spines. Clinical manifestations included 
multiple infiltrative erythemas and subcutaneous nodules in the thumb and forearm. Histopathological examination showed infiltration 
of mixed acute and chronic inflammatory cells in the subcutaneous tissue. The diagnosis was ultimately confirmed by NGS 
sequencing. The patient was cured after taking moxifloxacin and clarithromycin for 10 months. Infection is a common adverse 
reaction of JAK inhibitors, but no literature has reported on mycobacterium marinum skin infections occurring during JAK inhibitor 
treatment, which is relatively rare. As the clinical application of JAK inhibitors becomes more widespread, the skin infections they 
cause may present in various forms and require the attention of clinicians. 
Keywords: ruxolitinib, JAK inhibitors, Mycobacterium marinum, skin, infection

Introduction
JAK inhibitors have been approved by the US Food and Drug Administration (FDA) for the treatment of various diseases 
such as myelofibrosis, rheumatoid arthritis, and atopic dermatitis. However, they may lead to serious adverse reactions 
such as thrombosis, infection, and tumors, and thus have been given a black box warning by the FDA.1–3 Among the skin 
infections that occur during JAK inhibitor treatment, herpes zoster is the most common, and there have been few reports 
of atypical mycobacterial skin infections.4–6 Skin infections caused by atypical mycobacteria are a relatively rare type of 
infectious skin disease, often caused by Mycobacterium marinum, Mycobacterium chelonae, and other infections. 
Patients often work in aquaculture and processing, or are housewives, chefs, etc. Clinically, it manifests as infiltrative 
plaques and nodules in the traumatized areas, skin, and subcutaneous tissues, which can be distributed along the 
lymphatic vessels in a band-like pattern.7 This article reports a female patient with myelofibrosis who developed 
a Mycobacterium marinum infection in the skin of the left upper limb during treatment with the JAK inhibitor ruxolitinib. 
The clinical presentation was infiltrative erythema and subcutaneous nodules on the left thumb and forearm, and the 
histopathology showed mixed infiltration of acute and chronic inflammatory cells in the subcutaneous tissue. NGS 
sequencing confirmed the infection was caused by Mycobacterium marinum. This case illustrates the diversity of skin 
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infections that may occur during treatment with JAK inhibitors, and the need for clinical attention to atypical 
mycobacterial skin infections cannot be ignored.

Case Presentation
The patient is a 56-year-old female who came to seek medical attention due to the appearance of patches and nodules on 
her left thumb and forearm for the past 1.5 months. There was no obvious trigger before the onset. A red nodule about the 
size of a soybean appeared on the left thumb, and treatment with compound polymyxin B ointment (containing 
polymyxin B and lidocaine, etc.) was initiated for 2 weeks, but the skin lesion increased in size. Two red, infiltrative 
patches appeared on the skin of the left forearm 1 month prior. The patient denied any history of being stabbed or 
scratched by fish bones or scales, cleaning fish, or cleaning fish tanks before the onset. The patient was diagnosed with 
myelofibrosis 6 years ago and is currently on treatment with ruxolitinib (15mg per dose, twice a day), which has 
effectively controlled the disease. Physical examination revealed no obvious abnormalities. Dermatological examination 
showed a red nodule approximately 1.0 cm in diameter on the back of the distal phalanx of the left thumb, with a small 
amount of scales on the surface, hard and tough to the touch, and normal skin temperature. Two dark red infiltrative 
patches with clear boundaries and crusting and desquamation on the surface were seen on the left forearm (Figure 1). 
Skin scrapings were taken and examined under a microscope after being stained with 10% KOH, but no fungal hyphae or 
spores were found. Tissue blocks were taken for fungal culture, but no colonies grew. Total DNA was extracted from the 
tissue block and subjected to NGS sequencing, which revealed Mycobacterium marinum. Histological examination of the 
tissue showed irregular epidermal hyperplasia and downward extension of the epidermal papillae. Inflammatory cells 
such as lymphocytes, neutrophils, eosinophils, histiocytes, and multinucleated giant cells were diffusely infiltrated in the 
dermis (Figure 2). Staining with PAS, silver nitrate, and acid-fast staining were negative. Based on the clinical 
presentation and laboratory findings, a final diagnosis of cutaneous Mycobacterium marinum infection was made. 
Treatment with clarithromycin 250mg per dose, twice a day and moxifloxacin 400mg per dose, once a day was initiated. 
Meanwhile, administration of ruxolitinib was stopped and lenalidomide was used to control myelofibrosis. Regular liver 
function, renal function, and electrocardiogram monitoring was performed before and during treatment, and no abnormal 
changes were observed. After 1 month of treatment, the skin lesions began to shrink, and no new skin lesions appeared. 

Figure 1 Skin manifestations of Mycobacterium marinum infection. Multiple red nodules and plaques on the left thumb and forearm.

Figure 2 Histopathological examination. (a) Under low-power microscopy, there is diffuse inflammatory cell infiltration throughout the entire dermis (HE, ×40). (b) Under 
high-power microscopy, there is diffuse infiltration of inflammatory cells predominantly composed of lymphocytes, histiocytes, and neutrophils (HE, ×200). (c) There are 
granulomatous inflammatory changes with the presence of multinucleated giant cells (HE, ×200).
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After 10 months of treatment, the patient was followed up by phone, and the skin lesions had completely disappeared, 
and treatment was discontinued.

Discussion
JAK (Janus kinase) is a family of non-receptor tyrosine kinases consisting of four members, Jak1, Jak2, Jak3, and Tyk2. 
The N-terminal domain of JAK binds to receptors, while the C-terminal domain contains the kinase domain. The 
substrate of JAK is STAT (signal transducer and activator of transcription), which has an N-terminal SH2 domain and 
a nuclear localization signal (NLS), a DNA binding domain in the middle, and a conserved tyrosine residue that is 
essential for its activation at the C-terminal end. Currently, seven members of the STAT family have been identified. 
After phosphorylation by JAK, STAT undergoes dimerization and translocates into the nucleus to regulate the expression 
of target genes. This signaling pathway is known as the JAK-STAT pathway. Research has found that JAK pairs form 
different signaling pathways for various cytokines downstream of STAT. For example, JAK1 and JAK3 regulate 
lymphocytes for IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21, JAK1 and JAK2 regulate IFN-γ, a pair of JAK2 regulates 
EPO, TPO, GM-CSF, IL-3, and IL-5, and IFN-α and IFN-β are regulated by JAK1 and TYK2.8 When the signal 
molecule (such as cytokines) binds to the receptor on the cell surface, JAK (Janus kinase) is activated and phosphorylates 
the receptor on the cell membrane, forming a dimer, which then activates STAT (signal transducer and activator of 
transcription) by phosphorylation. The phosphorylated STAT dimer translocates into the nucleus, binds to specific DNA, 
and regulates gene transcription, thereby affecting biological processes such as cell growth, differentiation, and apoptosis. 
Aberrant activation of the JAK/STAT signaling pathway is associated with various diseases, such as inflammation, 
immune disorders, and cancer. Therefore, JAK inhibitors are a new type of therapeutic drug that can intervene in this 
pathway by inhibiting JAK activation and treat related diseases.9,10

Myelofibrosis is a type of bone marrow disorder characterized by abnormal proliferation, and approximately 50% of 
patients with myelofibrosis have been found to have the JAK2 V617F mutation. This mutation occurs in the pseudoki-
nase domain of JAK2, causing a conformational change that results in sustained activation of the JH1 kinase domain 
independent of extracellular cytokine signaling, leading to cell proliferation and tumorigenesis. Ruxolitinib, initially 
developed by Incyte, is a small-molecule inhibitor of JAK1/JAK2 kinases, and due to its inhibitory effect on JAK2, it 
was approved by the FDA in November 2011 for the treatment of intermediate-2 or high-risk myelofibrosis (MF).11 In 
2014, it was further approved for polycythemia vera. Recently, it has also been used to treat acute graft-versus-host 
disease after organ transplantation.12,13 Ruxolitinib may produce anti-inflammatory effects by inhibiting JAK, so that 
cytokine production will also be reduced. However, for macrophages exposed to agonists such as Toll-like receptor 4 
(TLR4), JAK inhibition may increase the inflammatory potential of macrophages. TLR4 is a receptor that recognizes 
bacterial components and triggers an immune response. TLR4 is associated with Mycobacterium marinum, including 
Mycobacterium atipic, and these bacteria can trigger the production of pro-inflammatory cytokines by macrophages 
through activation of TLR4. Therefore, JAK inhibition may interfere with the normal immune response to these bacteria 
and increase the risk of inflammation.14,15

Ruxolitinib can cause various infections such as urinary tract infections, respiratory tract infections, and herpes 
zoster,16 but there are few literature reports of atypical mycobacterial infections of the skin. Skin infections with 
Mycobacterium marinum, also known as swimming pool granuloma, are caused by M. marinum, a slow-growing, acid- 
fast, and non-tuberculous mycobacterium that is mainly distributed in natural water environments and aquariums. It can 
not only cause fish infections but also cause skin infections in humans through trauma. To establish infection, 
Mycobacterium marinum has the ability to enter and survive within host macrophages. The ability of Mycobacterium 
marinum to access the cytosol of macrophages and use host actin for motility is a unique characteristic of its 
pathogenesis. It is worth noting that the patient in this case denied a history of fish bone or scale injuries, cleaning 
fish, or cleaning fish tanks before the onset of the disease. Skin lesions in M. marinum infections are often solitary 
nodules on the upper limbs, followed by a sporotrichoid pattern when the pathogen spreads along lymphatic vessels. In 
some immunocompromised patients (such as those with AIDS, those receiving TNF-α inhibitors, organ transplants, etc.), 
the disease progresses faster, the skin lesions are more widespread, and even deep-seated infections in visceral organs can 
occur. In this case, the patient developed skin lesions while receiving ruxolitinib treatment for myelofibrosis and denied 
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a history of trauma, and there have been no literature reports of such cases, suggesting that the infection may be related to 
the immunosuppression caused by ruxolitinib.17

When skin lesions are observed to be distributed along lymphatic vessels, lymphatic sporotrichosis and epithelioid sarcoma, 
among other diseases, should be differentiated. Fungal cultures, histopathological examinations, PAS staining, NGS sequencing, 
and other methods are important for definitive diagnosis. Sporotrichosis often has a history of exposure to wood, soil, plants, etc., 
and is sensitive to antifungal treatment. Epithelioid sarcoma shows atypical cells in histopathology. In this case, we used tissue 
NGS sequencing to determine that the pathogen was M. marinum. Treatment often involves using macrolides or tetracyclines for 
several weeks or even months, and surgical debridement is also an option in some cases.18,19

Conclusion
Infection, tumors, and thrombosis are common serious adverse reactions to JAK inhibitors. In addition to herpes zoster, 
there is also a possibility of atypical mycobacterial infection of the skin during JAK inhibitor therapy. Atypical 
mycobacterial skin infections, which often occur after trauma, manifest as local nodules or plaques that can spread 
along lymphatic vessels in a band-like distribution. Clinically, they need to be differentiated from fungal infections such 
as sporotrichosis and tumors such as squamous cell carcinoma. In clinical practice, healthcare providers should be aware 
of the possibility of various infections, including skin infections, in patients using JAK inhibitors. In addition to common 
viral infections such as herpes zoster, atypical mycobacterial infections should also be considered. NGS sequencing has 
great value in identifying the causative pathogen of the infection. Discontinuing JAK inhibitors and undergoing long- 
term, standardized antibiotic treatment can lead to recovery.

Consent
The patient had given written informed consent for the publication of her clinical details. Institutional approval is not 
required for this case study.
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