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Mycobacterium genavense infection, a rare nontuberculous mycobacteria infection, occurs in heavily immunocompromised patients (i.e., those with advanced HIV
disease, genetic disorders, or acquired immunologic disorders and those undergoing immunosuppressive therapy). We report a case of disseminated M. genavense infection preceding Hodgkin lymphoma in a patient without
obvious risk factors for this infection.

M

ycobacterium genavense was first described in 1992
in HIV-positive patients with low CD4 counts
and disseminated mycobacterial disease (1). Since the
2000s, additional risk factors for this bacterial infection became known (e.g., solid organ transplantation,
hematopoietic stem cell transplantation, Epstein-Barr
virus–associated lymphoproliferative disorder, neutralizing anti–interferon γ autoantibodies, adenosine
deaminase deficiency, nuclear factor κB1 deficiency)
(2,3). Clinical manifestations of M. genavense commonly involve blood and lymph nodes but can include the
gastrointestinal tract, spleen, liver, and bone marrow;
pneumonia, prosthetic joint infection, endobronchial
mass, and brain mass have also been described.
A previously healthy 23-year-old woman sought
medical treatment at University Hospital Gießen
(Gießen, Germany) for progressive cervical lymphadenopathy (Figure, panel A) and fever originating 4
months prior. A professional animal keeper, she had
no history of previous infections or autoimmune disease, an unremarkable family history, and no travel
outside of Europe; her tattoos showed no signs of irritation. She experienced gender dysphoria and used
masculinizing hormone therapy (testosterone). We
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Figure. Clinical manifestations and radiologic findings in the course of disease in a 23-year-old woman with disseminated M. genavense
infection preceding Hodgkin lymphoma, Germany. A) Cervical wound after initial lymph node extirpation. B) Magnetic resonance imaging
at the time of initial evaluation. C) Endobronchial view of tracheo-esophageal fistula before positioning of a stent. D) Endobronchial
view of the prior tracheo-esophageal fistula after treatment. Whitish scar tissue is seen at the bottom left. E) 18F-FDG-PET scan at initial
evaluation (maximum intensity projection). Cervical lymph node mass is seen, with no pathologic uptake in the abdomen. F) 18F-FDGPET scan after 6 months of antibiotic treatment showing reduced uptake. G) 18F-FDG-PET scan shortly before Hodgkin lymphoma was
diagnosed showing new hepatosplenomegaly and lymphadenopathy. H) 18F-FDG-PET scan after antibiotic and chemotherapy without
pathologic enhancement

excluded common causes of cervical lymphadenopathy (e.g., HIV, tuberculosis, bacterial abscess, EpsteinBarr virus, lymphoma, toxoplasmosis, bartonellosis,
and syphilis), but the extensive lymphadenopathy
pointed to a severe disease (Figure, panel B, E). Multiple conglomerate, necrotizing mediastinal lymph
nodes resulted in a tracheo-esophageal fistula (Figure, panel C), which required esophageal stenting.
Cervical lymph nodes showed a necrotizing, giant cell–containing inflammatory reaction. We detected acid-fast bacteria on microscopic examination and
subsequently identified it as M. genavense by using
broad-range 16S-rDNA PCR and Sanger sequencing
of the resulting amplicon (Appendix, https://wwwnc.cdc.gov/EID/article/28/7/22-0425-App1.pdf).
In blood and bone marrow, we detected no mycobacteria. From culture on solid medium and mycobacteria growth indicator tube, we were unable to recover
outgrowth. M. genavense cannot be cultivated in rou-

tine liquid and solid media (Löwenstein–Jensen and
Stonebrink) but requires special supplementation for
recovery on culture (Middlebrook 7H11 agar [ThermoFisher, https://www.thermofisher.com] supplemented with mycobactin J) and an incubation period
>100 days. Standardized susceptibility testing is not
available (4).
For this nontuberculous mycobacteria (NTM)
disease, diagnostic criteria are ill defined and no
treatment guidelines are established. Reported casepatients are treated with a 2- to 4-drug regimen, including mostly macrolides, rifampin, ethambutol,
and amikacin or fluroquinolones. The regimen for this
patient consisted of clarithromycin, rifabutin, ethambutol, and temporary add-on doses of levofloxacin,
amikacin, clofazimine, or bedaquiline. During the
ensuing months, the wounds and tracheo-esophageal
fistula slowly healed (Figure, panel D), and imaging
showed decreased uptake (Figure, panel F).
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As a professional pet keeper, the patient had close
contact with domestic animals, including birds. Zoonotic transmission of M. genavense has not been well
described (5), but it does pose a potential risk for susceptible hosts. Because a predisposing risk factor for
the patient’s NTM disease had not been identified, we
ruled out several conditions: acquired immunodeficiency, idiopathic CD4 lymphocytopenia, Mendelian
susceptibility to mycobacterial disease, and neutralizing anti–interferon γ autoantibodies or a defect in the
(proximal) interferon γ receptor signaling pathway
(data not shown). A targeted gene panel with a focused analysis on 810 genes associated with immune
and blood disorders did not identify a genetic variant
that could alone explain the phenotype; however, we
detected several rare variants (Appendix).
After 11 months of antibiotic therapy, an 18FFDG-PET scan revealed new lymphadenopathy and
splenomegaly (Figure, panel G). CD4-to-CD8 ratio
dropped from 1.7 to 1.0, and we found new low-level
EBV viremia (350 copies/mL). On the basis of new
tissue samples from mediastinal lymph nodes, we
diagnosed classical Hodgkin lymphoma (HL [mixed
type]) stage IV. Mycobacterial PCR was negative in
all these samples and, retrospectively, all previous
samples were tumor-free. Six cycles of chemotherapy (brentuximab combined with doxorubicin, vinblastine, dacarbazine) were followed by 4 doses of
nivolumab because of histologically confirmed mixed
response. One year after treatment completion and
cessation of antimycobacterial therapy, liquid biopsy
and an 18F-FDG-PET scan showed complete remission
and no signs of NTM infection (Figure, panel H).
In other reports of M. genavense infections related
to lymphomas, patients acquired the infection during immunosuppressive therapy; however, in this
patient, infection preceded HL. Genetic and environmental factors are relevant in the pathogenesis of HL
(6) and in pathogenic pathways triggered by virus infections (e.g., HIV and Epstein-Barr virus) (7); bacterial antigen triggering has been implicated recently in
early developmental stages of the disease (8). Other
reports have discussed an increased risk for HL after tuberculosis infection (9) and HL associated with
concomitant tuberculosis, leprosy, and Mycobacterium
avium complex disease (10).
M. genavense remains a diagnostic challenge because standard media and incubation times do not
yield bacterial growth, which can result in missed
diagnoses. Research is needed to gain a clear understanding of the interplay of NTM and HL, specifically in regard to how mycobacterial antigens trigger pathogenic pathways during HL development
1508

and the role of HL in causing local immune escape
mechanisms and immunologic imbalance resulting in
susceptibility to infections.
In conclusion, we report a patient with disseminated M. genavense infection preceding HL who recovered after antimycobacterial therapy and firstand second-line chemotherapy. A zoonotic source of
M. genavense infection is likely. Furthermore, because
sex hormones affect immunity and testosterone is a
susceptibility factor for mycobacterial disease, masculinizing hormone therapy could have contributed
to susceptibility.
About the Author
Dr. Trauth is attending physician at University Hospital
Gießen, Germany. Her primary interests include
pulmonary infections and antibiotic stewardship.
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Several zoonotic influenza A viruses detected in humans
contain genes derived from avian H9N2 subtypes. We
uncovered a Eurasian avian-like H1N1 swine influenza
virus with polymerase basic 1 and matrix gene segments
derived from the H9N2 subtype, suggesting that H9N2
viruses are infecting pigs and reassorting with swine influenza viruses in China.

S

wine are regarded as a mixing vessel for influenza A viruses (IAVs) (1). Avian, swine, and
human IAVs can co-infect pigs and generate novel reassortants of zoonotic or pandemic potential.
1
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The emergence of pandemic H1N1 IAV (pH1N1),
containing viral segments from avian, swine, and
human viruses, highlighted the key role of pigs in
contributing to IAV reassortment and evolution (2).
Research in China also showed evidence of avian
H5, H7, H9, and H10 influenza infections in pigs
(3). Avian IAVs linked to human infection in this
region contained internal genes derived from avian
H9N2 viruses, indicating that the internal genes of
the H9N2 virus might aid zoonotic transmission
(4). We report detection of a swine IAV with polymerase basic (PB) 1 and matrix (M) gene segments
of avian H9N2 origin.
In April 2021, we resumed monthly influenza
surveillance program of imported pigs in a local
slaughterhouse, which had been interrupted by
COVID-19 outbreaks (5). We collected individual
nasal swab samples (≈75 samples per visit), which
we kept chilled in virus transport medium until
they reached the laboratory. We then subjected
swab samples to IAV isolation by using MDCK
cells, as previously described (2). We identified cultures with cytopathic effect and tested them using
a standard hemagglutination assay with turkey red
blood cells. We tested hemagglutination-positive
cultures with a universal influenza reverse transcription PCR assay specific for M segments (6). We
studied samples that were positive for this reaction
by using next-generation sequencing to deduce the
full virus genomes (6).
During April 2021–February 2022, we collected
a total of 829 porcine nasal swab samples (Table).
We isolated 8 IAVs: 7 from August 2021 and 1 from
September 2021. Virus sequences deduced from
this study are available from GISAID (isolate nos.
EPI_ISL_12471293–300). We compared those sequences with reference sequences (Appendix Table,
https://wwwnc.cdc.gov/EID/article/28/7/220642-App1.pdf). IAVs detected in August 2021
were H3N2 viruses. The hemagglutinin (HA) and
neuraminidase (NA) segments of those viruses
were associated with human-like H3N2 swine influenza A virus; however, their internal gene segments all were derived from the pH1N1 lineage
(Figure; Appendix Figures 1–6). These viruses were
genetically not identical but highly similar. The
influenza-positive pigs came from farms located
in 2 provinces across southern China. Because this
slaughterhouse followed a daily clearance policy
requiring that all imported live pigs be slaughtered
within 24 hours of admittance, our results suggest
influenza transmission between pigs in the preslaughter transport chain outside Hong Kong. This
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