
Neisseria meningitidis and N. gonorrhoeae charac-
teristically occupy distinct niches in the human 

body despite evolving from a common ancestor (1). 
N. meningitidis bacteria often inhabit the nasopharynx 
of humans as a commensal bacteria and are generally 
unencapsulated, or nongroupable. Rarely, meningo-
cocci cause invasive disease, such as meningitis or 
bloodstream infection; those strains are typically en-
capsulated, or serogroupable (2). In contrast, N. gon-
orrhoeae is always considered a pathogen and most 
commonly infects the mucosa of the pharynx or the 
anorectal and urogenital tract via sexual transmission 

(3). However, the preferential site of infection may 
not be as absolute as once thought; overlapping clini-
cal syndromes include urogenital mucosal coloniza-
tion and local infection caused by N. meningitidis (4).

The first N. meningitidis urogenital infection was 
documented in 1942 (5). Although previous cases 
had been reported, they were considered a second-
ary manifestation of invasive disease rather than a 
de novo urogenital infection. Since then, numerous 
reports of meningococci causing urogenital infec-
tions have been published (4). Clinical manifestations 
are indistinguishable from gonococcal infections; 
symptomatic infection mainly occurs as urethritis. 
However, the true prevalence of urogenital menin-
gococcal infections is difficult to determine because 
current diagnostic testing relies largely on molecu-
lar assays targeting N. gonorrhoeae. In settings where 
cultures are performed, laboratory practice for iden-
tifying and reporting N. meningitidis from urogenital 
sites varies widely; some laboratories consider those 
isolates nonsignificant. Similarly, in settings where 
Gram stains from urogenital samples are used to 
direct therapy, the presence of gram-negative diplo-
cocci would not differentiate between N. meningitidis 
and N. gonorrhoeae.

The route of transmission for meningococcal 
urogenital infections remains unclear. Oral sex is 
considered a primary likely mechanism (4); howev-
er, that transmission route for N. meningitidis is inef-
ficient and may account for the low observed coloni-
zation rates of 1%–3%, with higher rates in men who 
have sex with men (MSM). Those dynamics may  
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Neisseria meningitidis is a common commensal bacte-
rium of the nasopharynx that can cause invasive me-
ningococcal disease (IMD). In comparison, N. gonor-
rhoeae is always a pathogen usually limited to mucosal 
sites. However, increased evidence for overlapping 
clinical syndromes is emerging. We compared N. men-
ingitidis samples from a urogenital outbreak in Australia 
with sequences from the United States and other coun-
tries. We conducted phylogenetic analyses to assess 
relatedness and examine for genomic changes associ-
ated with meningococcal adaptation; we collated a total 
of 255 serogroup Y (MenY), sequence type (ST) 1466 
isolate assemblies. Most urogenital isolates originated 
from Australia; those isolates formed a distinct clade, 
most closely related genomically to recent US IMD iso-
lates. No specific genomic changes suggested niche 
adaptation or associated clinical manifestations. The 
MenY ST1466 N. meningitidis isolates circulating in 
Australia and the United States are capable of causing 
both urethritis and invasive meningococcal disease.
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explain why meningococcal urethritis has histori-
cally been uncommon.

One exception is the ongoing expansion of a 
specific clade of nongroupable N. meningitidis (US_
NmUC), which emerged in 2015 and caused un-
precedented clusters of urogenital infections in the 
United States affecting primarily Black heterosexual 
men (6). Closely related isolates have since been de-
tected in several other countries, including the United 
Kingdom and Japan (7,8). The success of the clade is 
thought to be partly caused by the insertion of IS1301 
within the cps locus, leading to the deletion of the cap-
sular biosynthesis genes, resulting in a nongroupable 
phenotype, and by the replacement of the meningo-
coccal NorB-AniA denitrification apparatus with one 
of gonococcal origin, resulting in the capacity to adapt 
and survive in the urogenital tract (6).

Initially limited to the United States, the clade has 
now been documented in other countries (9). In ad-
dition to urogenital disease, 7 invasive cases caused 
by this strain have been reported (10); however, 
they have occurred predominantly in patients with 
a known or suspected immunocompromising condi-
tion, as is typical for invasive meningococcal disease 
cases caused by nongroupable meningococci (11). Re-
gardless, this mainfestation is of concern because it 
indicates that urogenital N. meningitidis infections can 
be a reservoir for strains that cause invasive disease.

In 2023 in Sydney, New South Wales, Australia, 
a cluster of symptomatic, urogenital infections with 
N. meningitidis serogroup Y (MenY) sequence type 
(ST) 1466 (MenY ST1466) was detected. Unlike the 
US_NmUC, MenY ST1466 has been recently reported 
to be causing a large number of invasive meningococ-
cal disease (IMD) cases across the United States (12). 
In collaboration with the US Centers for Disease Con-
trol and Prevention, we collated the largest publicly 
available MenY ST1466 genomic dataset to investi-
gate whether the urogenital isolates from Australia 
represent either sporadic infections or a new emer-
gent niche adaptation event.

Methods

Isolate Collection and Sequencing
The isolates included in this analysis were all N. men-
ingitidis isolates detected from urogenital samples 
sent for culture from patients attending sexual health 
clinics and general practice clinics in New South 
Wales who were referred to the Neisseria reference 
laboratory (Randwick, New South Wales, Australia) 
during July–December 2023 (13). As is standard pro-
cedure for all referred N. meningitidis isolates from 

clinical specimens, the isolates had confirmation of 
organism identification, antimicrobial susceptibility 
testing using Clinical Laboratory Standards Institute 
(CLSI) methodology and breakpoints for penicillin, 
ceftriaxone, ciprofloxacin, and rifampin, and sero-
grouping by PCR. All were MenY. By January 1, 2024, 
a total of 30 urogenital MenY N. meningitidis isolates 
had been referred. We identified 1 additional isolate 
from October 2019 in the database and included it for 
sequencing (n = 31).

We performed DNA extraction for 1 colony for 
each isolate using the EZ1 Advanced XL kit (QIA-
GEN, https://www.qiagen.com). We generated 
DNA libraries using an Illumina DNA prep kit (Il-
lumina, https://www.illumina.com) and performed 
sequencing on the Illumina MiSeq platform according 
to the manufacturer’s instructions, aiming for a target 
sequencing depth >20× and Phred quality score >30 
across 90% of the fastp version 0.22.0 trimmed reads 
(14). We then generated assemblies using Spades ver-
sion 3.15.3 and filtered all contigs <1,000 bp long (15). 
We performed in silico multilocus sequence typing 
(MLST) using BLASTn through PubMLST (16); all 
isolates were ST1466.

Data Supplementation and Analysis
We supplemented the genomic data collected with 
additional MenY ST1466 N. meningitidis assemblies, 
including 9 assemblies provided by US CDC repre-
senting isolates collected through national invasive 
meningococcal disease surveillance, as previously 
described (17), and associated with an increase in 
meningococcal disease among persons with HIV as 
reported in September 2023 (17). We also included 
all available MenY ST1466 N. meningitidis assemblies 
from PubMLST (n = 224) for which collection year 
was available (16). We reconfirmed the MenY sero-
group using characterize_neisseria_capsule (18) and 
the ST1466 group using MLST tools before including 
isolates in the analysis.

To circumvent inaccurate phylogenetic relation-
ships when using a mapping approach, especially 
when a very divergent reference is used, we performed 
long-read sequencing using ONT Nanopore (Oxford 
Nanopore Technologies, https://nanoporetech.com) 
to close one of the Australia sequences. We chose the 
isolate on the basis of the highest N50 assembly met-
rics from the short-read sequencing data. We obtained 
a complete circular chromosome of 2.18 Mb (RPAH-
23R75L) using a hybrid assembly approach imple-
mented through unicycler version 0.4.8 (19).

We mapped all assemblies against the generated 
reference using SNIPPY version 4.0.2 (20) specifying 
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the contigs option. We identified recombination us-
ing Gubbins version 3.2.1 (21). To limit the effect of 
long branch lengths secondary to missing data, we 
used the masked alignment to regenerate a phylog-
eny implemented through IQ-TREE version 2.2.0.3 
under a general time-reversible model (22). We ob-
tained a time tree through BactDating (23) specifying 
year only and performed geospatial analysis using 
Nextstrain (24).

To explore a possible niche transition, we em-
ployed 2 different approaches. First, we compared 
sequences to the US_NmUC clone (PubMLST iden-
tification 47233). Second, we constructed a pange-
nome using Panaroo version 1.3.4 (25) after anno-
tation with Prokka version 1.14.6 (26) on all MenY 
ST1466 assemblies for which the source of infections 
(i.e., urethritis versus invasive disease) was known. 
We sought candidate genes for a possible niche 
change using Scoary version 1.6.16 (27), specify-
ing the source as the trait of interest. We performed  
single-nucleotide polymorphism (SNP) analysis us-
ing R package ape version 5.7–1 (28). We uploaded 
sequence reads for all the New South Wales urogeni-
tal isolates to the National Center for Biotechnology 
Information database (project no. PRJNA1117957) 
(Appendix Table, https://wwwnc.cdc.gov/EID/
article/31/1/24-0940-App1.xlsx).

Results

Isolate Collection
An ongoing outbreak of urogenital MenY began in 
New South Wales, Australia, in 2023; clinical and epi-
demiologic data of the first 41 patients was published 
in 2024 (13). Of those cases, 31 urogenital MenY iso-
lates underwent whole-genome sequencing, all from 
symptomatic patients. All isolates were fully sus-
ceptible to penicillin, ceftriaxone, ciprofloxacin, and 
rifampin; no resistance genes were detected. Phy-
logenetic analysis of the Australia sequences dem-
onstrated a limited diversity, a median of 17 SNPs 
(interquartile range [IQR] 8–25) difference among all 
isolates, suggestive of a clonal expansion event.

To place those isolates into a global context, we 
collated a total of 255 MenY ST1466 isolate assemblies, 
including the urethritis isolates from Australia, inva-
sive isolate sequences shared by the US CDC, and all 
available MenY ST-1466 sequences in PubMLST (Ap-
pendix Table); isolates from the United States, United 
Kingdom, and Australia represented 80% of the en-
tire dataset that originated from 14 countries. The re-
ported clinical manifestation was absent for 32% of 
isolates; 36% represented invasive disease and 15% 

carriage isolates. Most (33/37 [90%]) urogenital iso-
lates originated from Australia (Appendix Table). To 
circumvent the influence of a suboptimal reference, 
1 current outbreak isolate underwent long-read se-
quencing using ONT nanopore with a single chromo-
some, RPAH23R75L, generated according to a hybrid 
assembly approach consisting of 2.18 Mb. Mapping 
all assemblies to that reference chromosome, the phy-
logenetic tree after recombination masking (Figure 1, 
panel A) revealed that most of the Australia isolates 
formed a distinct clade. Two Australia isolates from 
2019 and July 2023, before the urethritis outbreak be-
gan in Australia later in July 2023, were intermixed 
with the US sequences. Those isolates were distinct 
from the outbreak isolates.

The Australia clade was most closely related to 
recent North America isolates with a median SNP 
difference of 43 (IQR 22–60), a genomic distance that 
overlaps with previous thresholds defining related 
isolates (Figure 1, panel B). All isolates within the 
cluster shared the same finetyping and Bexsero Anti-
gen Sequence Typing profile consisting of virulence 
determinants fHbp, NadA, and NHBA alleles (Fig-
ure 2). Although those findings suggest the MenY 
ST1466 clade was introduced to Australia from 
North America, the clustering of recent urogenital 
isolates from Spain within the US clade indicates in-
tercontinental intermixing of isolates and less clear 
routes of transmission.

Having established that the coincident urogenital 
MenY ST1466 isolates from Australia are closely relat-
ed genomically to the circulating IMD MenY ST1466 
isolates from the United States, we then investigated 
whether the Australia isolates shared any known ge-
nomic features associated with potential urogenital 
adaptation by comparing the genomes to a another 
known successfully adapted N. meningitidis clone, the 
nongroupable clonal complex 11 (US_NmUC) clade. 
We detected no large-scale genomic differences be-
tween RPAH23R75L and US_NmUC. We examined 
in the Australia isolates the genomic regions that 
within US_NmUC were thought to be important for 
the organism’s adaptation to the urogenital tract. 
The capsular biosynthesis genes remained intact for 
all Australia and non-Australia ST1466 isolates with 
no evidence of an IS element insertion. A norB-aniA 
gene cassette was present in all the MenY ST1466 se-
quences. The genomic context of this cassette differed 
across all ST1466 isolates (represented by the closed 
genome of RPAH23R75L) and US_NmUC; ST1466 
sequences lacked the glutathione peroxidase (gpxA) 
gene (Figure 3). This gene is common to meningo-
cocci but was present in only 11 of the 255 ST1466  
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N. meningitidis isolates, suggestive of a gonococcal 
norB-aniA gene cassette recombination event resulting 
in deletion of gpxA. Although both norB and aniA were 
present at the sequence level after alignment, the aver-
age pairwise comparison between the MenY ST1466 
norB-aniA region and the US_NmUC demonstrated 
≈39 SNPs difference (4 nonsynonymous mutations), 
suggesting a different origin and unrelated regions.

Subsequent examination of all the pangenomes 
including the US_NmUC similarly did not reveal 
any candidate genes associated with clinical mani-
festation, which suggests that the observed niche 
change for MenY ST1466 was not attributable to the 

adaptative genomic changes previously reported in 
US_NmUC.

Discussion
Identifying concurrent outbreaks of urogenital MenY 
ST-1466 infection in Australia and IMD MenY ST1466 
infection in the United States has provided a unique 
opportunity to collaboratively investigate relatedness 
of Australia and US isolates. In addition, we were able 
to explore whether markers of the US_NmUC clade 
were present to explain the proclivity for the urogeni-
tal niche in the current Australian MenY ST1466 iso-
lates. We found that although the IMD and Australia 
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Figure 1. Relatedness of 
Neisseria meningitidis serogroup 
Y ST1466 isolates from Australia 
and the United States compared 
with isolates from other countries. 
A) Timed maximum-likelihood 
phylogeny of included isolates of 
serogroup Y ST1466. Associated 
metadata are shown to the right of 
the tree. B) Genomic epidemiology 
of ST1466 showing transmission 
lines generated using Nextstrain 
(24). ST, sequence type.
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isolates were closely related, the adaptations reported 
for the US_NmUC clade were not present in either 
and thus did not explain the current clinical outbreak 
observed in Australia. Of note, no MenY ST1466 IMD 
case had been reported in Australia as of September 
2024. It remains unclear whether the urogenital out-
break is associated with increased prior pharyngeal 
carriage. In the only recent study of N. meningitidis car-
riage in Australia, conducted during 2017–2018, one 
ST1466 isolate was detected from 34,489 participants  

(29). However, it is possible that oropharyngeal car-
riage of ST1466 became more prevalent after 2018 and 
acted as the reservoir for urogenital infections. Alter-
natively, that finding could suggest expansion within 
a new niche without prior increase in carriage.

We analyzed the available data and identified no 
specific genomic changes to explain the adaptation of 
N. meningitidis to the urogenital tract. The norB-aniA 
gene cassette was present in all ST1466 sequences. 
However, experimental work is required to determine 
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Figure 2. Timed maximum-likelihood phylogeny showing finetyping of Neisseria meningitidis serogroup Y ST1466 isolates from Australia 
and the United States compared with isolates from other countries. Associated metadata shown to the right of the tree are country of 
origin; source; finetyping profile; virulence profiles for fHbp, NHBA, NadA allele types; and overall BAST sequence typing result. Dashes 
indicate insufficient or incomplete data. BAST, Bexsero Antigen Sequence Typing.
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whether this cassette is functional. Further, it is uncer-
tain to what extent gene diversity and the absence of 
the gpxA gene may affect the expression of norB and 
aniA within the various niches and determine clinical 
manifestations.

The US_NmUC clade has shown ongoing evo-
lution over time; the number of regions resembling 
N. gonorrhoeae bacteria has increased, consistent with 
ongoing genetic exchange including antimicrobial re-
sistance determinants between co-localized Neisseria 
species (9). Such exchange events may lead to the dis-
semination of antimicrobial resistance genes within 
N. meningitidis; even though the Australia outbreak 
may represent a sporadic event, ongoing surveillance 
of urogenital isolates is required to definitively ex-
clude alternate explanations.

Our investigations provide further evidence that 
N. meninigitidis and N. gonorrhoeae can cause over-
lapping clinical syndromes. However, under the 
current testing paradigm for urethritis in both Aus-
tralia and the United States, N. meningitidis causing 
urethritis would be largely undiagnosed because it 
would not be detected by N. gonorrhoeae PCR (30). 
Furthermore, in most settings, isolates from urogen-
ital culture would not be reported because, in many 
countries, only invasive meningococcal disease is 

reportable and not noninvasive manifestations such 
as meningococcal urethritis. The evidence for esti-
mating the risk for urogenital MenY ST1466 to cause 
invasive disease or, conversely, the propensity for 
the invasive isolates to inhabit the urogenital niche 
is lacking. Such evidence would help inform the po-
tential benefits of expanded testing for urogenital 
N. meninigitidis infections and public health actions; 
they include the utility and recommendations for 
immunization or prophylaxis for contacts of persons 
with urogenital meningococcal infections to poten-
tially reduce meningococcal transmission and pro-
gression to IMD.

The Australia public health investigation was 
unable to find any new links, specific sexual behav-
iors, or at-risk populations associated with the ure-
thritis outbreak. Nevertheless, the investigation 
raised several questions that warrant further explora-
tion: whether oral sex is the route of transmission of 
ST1466 meningococcal urethritis; whether the ability 
of N. meningitidis to colonize the urogenital tract re-
sults in more successful clones; whether changes in 
sexual behavior may have contributed to the urethri-
tis cases in Australia; and whether serogroup A, C, W, 
Y meningococcal vaccination would prevent MenY 
ST1466 urethritis.
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Figure 3. BLAST Ring Image 
Generator (BRIG) analysis of 
Neisseria meningitidis serogroup 
Y ST1466 showing sequence 
from Australia (RPAH23R75L) 
and sequence provided by the 
US Centers for Disease Control 
and Prevention (USA-M57512) 
relative to the US_NmUC clone 
across the norB-aniA cassette. 
The locations of 5 genes are 
shown in the innermost ring. The 
middle ring depicts alignment for 
the Australia isolate and the outer 
for the US isolate.
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In conclusion, we report a new manifestation of a 
MenY ST1466 in the urogenital tract and demonstrate 
that ST1466 urethritis isolates in Australia and inva-
sive isolates in the United States are closely related. 
Our failure to detect genomic features previously 
posited to be associated with adaptation to the uro-
genital niche among ST1466 urethritis isolates dem-
onstrate that further study is needed to understand 
the mechanisms underlying urogenital adaptation of 
N. meningitidis. However, our findings suggest that 
the ST1466 N. meningitidis isolates circulating in Aus-
tralia and in the United States can cause both urethri-
tis and IMD, despite the absence of reported ST1466 
invasive disease cases to date in Australia. 
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etymologia revisited
Schizophyllum commune 
[skiz-of′-ǐ-ləm kom′-yoon]

Schizophyllum commune, or split-gill mushroom, is an envi-
ronmental, wood-rotting basidiomycetous fungus. Schizo-

phyllum is derived from “Schíza” meaning split because of the 
appearance of radial, centrally split, gill like folds; “commune” 
means common or shared ownership or ubiquitous. Swedish 
mycologist, Elias Magnus Fries (1794–1878), the Linnaeus of 
Mycology, assigned the scientific name in 1815. German my-
cologist Hans Kniep in 1930 discovered its sexual reproduction 
by consorting and recombining genomes with any one of nu-
merous compatible mates (currently >2,800).
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