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Clinical and Laboratory Standards Institutes guide-
lines include standardized I. limosus antimicrobial
susceptibility testing. However, matrix-assisted
laser desorption/ionization time-of-flight mass
spectrometry accurately identifies I. limosus. I. limo-
sus displays high MICs for colistin and almost all
B-lactams, except imipenem and meropenem (9). It
has been suggested that the multidrug resistance of
I. limosus enhances its selection in CF patients (2). In
our case, successive treatment with drugs that were
ineffective against I. limosus could have enabled
its selection.

In conclusion, we emphasize a pathogenic role

of 1. limosus in lung transplant recipients several
years after respiratory clearance of the bacteria.
Chronic graft dysfunction, intensifying immuno-
suppression, and SARS-CoV-2 infection in this pa-
tient could have favored colonization with I. limo-
sus. Characteristics of the bacterium such as colony
morphotypes and multidrug resistance could delay
effective therapy.
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We conducted a genomic analysis of monkeypox virus
sequences collected early in the 2022 outbreak, dur-
ing July—August , in Washington, USA. Using 109 viral
genomes, we found low overall genetic diversity, mul-
tiple introductions into the state, ongoing community
transmission, and potential for co-infections by mul-
tiple strains.
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he World Health Organization declared the 2022

mpox (formerly monkeypox) outbreak a public
health emergency of international concern on July 23,
2022, after cases were identified in nearly 80 coun-
tries (1). By August 26, 2022, a total of 411 mpox cases
had been confirmed in Washington, USA (2), and
17,432 cases had been confirmed in the United States
(https:/ /www.cdc.gov/poxvirus/monkeypox/
response/2022/us-map.html).

Viral whole-genome sequencing (WGS) can aug-
ment contact tracing efforts and identify emerging
variants, which potentially could affect infectivity,
virulence, vaccine escape, and treatment resistance.
By late August 2022, Washington had deposited more
monkeypox virus (MPXV) sequences into public da-
tabases than any other state in the country. Here,
we describe the Washington outbreak by using 109
MPXV genomes collected in the state.

We attempted WGS on 140 residual clinical speci-
mens, primarily lesion swabs, that were PCR-positive
for MPXV and had a cycle threshold (Ct) value <31
(range 15.9-30.4). We performed sequencing by us-
ing a hybridization probe-capture-based approach,
as previously described (3), and probes designed by
using the MPXV 2022/MA001 strain (Genbank acces-
sion no. ON563414) (Appendix, https:/ /wwwnc.cdc.
gov/EID/article/29/3/22-1446-Appl.pdf). We gen-
erated consensus genomes by using Revica (https://
github.com/greninger-lab/revica), a custom pipeline
that performs trimming, filtering, and iterative re-
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mapping (Appendix). Sequences with <1% ambigu-
ous bases (Ns) were deposited to GenBank under
BioProject accession no. PRJNA862948 (Appendix
Table). We used Augur, Auspice, and Nextclade to
perform phylogenetic analysis (4,5), and we used
UShER (6) to perform phylogenetic placement on a
global tree (Appendix). This study was approved by
the University of Washington Institutional Review
Board STUDY00000408.

The analysis comprised a total of 109 sequences
from 98 persons whose specimens were collected dur-
ing July 6-August 19, 2022, primarily from King and
Pierce Counties. Of the 98 patients, 90 (91.84%) were
male and 1 (1.02%) female; 7 (7.14%) had unknown
or undeclared sex. Median age at specimen collection
was 36.0 (range 19-57) years.

We identified multiple identical genomes from
different persons, suggesting ongoing community
transmission (Figure, panel A). All 109 genomes fell
within the predominant 2022 outbreak lineage B.1
(7), and sublineages included B.1.1 (n=18), B.1.2 (n =
6), B.1.3 (n =10), B.1.4 (n = 2), and B.1.8 (n = 2), sug-
gesting separate MPXV introductions into the state.
Among sublineages, we identified the nearest neigh-
bor sequences from Germany (B.1.1); Connecticut,
USA (B.1.2); Canada (B.1.4); Florida, USA (B.1.8); and
multiple countries in Europe (B.1.3) (Appendix).

Overall, we observed low genetic diversity and
a median of 1 aa (range 0-7 aa) mutation (substitu-
tions or deletions) across the genome relative to the

Figure. Phylogenomic analysis
‘ \ of 109 early monkeypox virus
! | outbreak strains, Washington, USA.
A) Phylogenetic tree showing that
all Washington sequences fall within
‘ the major outbreak lineage B.1. The
many identical sequences suggest
community transmission; distinct
sublineages suggest multiple MPXV
introductions into the state. Black
triangles indicate sequences from
multiple swabs from the same
patient, which were available for 11
| persons, patients P01-P11. Clades
with >5 sequences were assigned
| a color for tips and branches,
and have text labels for the major
sublineages, B.1.1, B.1.2, and
B.1.3. All other tips and smaller
clades are indicated in gray. B)
Single nucleotide polymorphisms
from each sample in panel
A arrayed across the MPXV
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B.1 ancestor (genome MPXV_USA_2022_MAO001;
Genbank accession no. ON563414). We identified
138 unique SNPs across the genome in the 109 se-
quences (Figure, panel B), producing 66 unique mu-
tations (amino acid substitutions or deletions) in 51
genes. Of these, 5 unique aa substitutions (S553N,
A1232V, D1546N, D1604N, and S1633L) occurred in
surface glycoprotein OPG210, and 3 (E306K, D441Y,
and E553K) in OPG189, which encodes one of sev-
eral ankyrin-repeat proteins (Appendix Figure 1).
We noted an abundance of G to A and C to T nucleo-
tide substitutions (Appendix Figure 2), indicative of
apolipoprotein B mRNA editing catalytic polypep-
tide-like3 activity consistent with other reports (8).
We did not identify any substitutions or deletions
in OPG057, a membrane glycoprotein homologous
to F13L in vaccinia virus and the putative target of
the therapeutic antiviral tecovirimat currently used
to treat mpox (9).

Sequences from multiple swabs from the same
person at the same time point had a median pairwise
nucleotide difference of 1 (range 0-10 for 11 sample
pairs) outside of labile tandem repeat regions (10).
We observed even greater similarity in protein se-
quences with 0 (range 0-6) median pairwise aa differ-
ences. Among sample pairs from 3 patients, patient
06 (P06) had 1 aa difference, P07 had 6 aa differences,
and P08 had 2 aa differences. Relative to the B.1 an-
cestral strain MAQO1, one of the P06 pair featured a
V1951 mutation in OPG079. One of the P08 pair had
synonymous mutations in OPG073 and OPGO083,
and an OPGO003:R84K substitution. Finally, differ-
ences in repeat samples from P07 suggest possible
co-infection with strains from the B.1.2 and B.1.3 lin-
eages, consistent with the patient’s clinical history
indicating multiple sexual partners. Relative to the
MAO001 B.1 reference strain, one of the P07 samples
had synonymous mutations in OPG083 and OPG189,
OPG180:D325N, and OPGO016:R84K. The other of
the P07 pair shared none of those SNPs, but had
OPGO015:V261A, OPG109:166V, and the B.1.2-defining
OPG210:D1604N. These mutations remained after re-
extracting and re-sequencing the original specimens
and, compared with interhost variation, suggest
the possibility of co-infection with different MPXV
strains (Appendix Table).

Overall, our data showed ongoing community
MPXV transmission in Washington. The limited
MPXV genetic diversity makes it challenging to use
WGS data for contact tracing. However, continued
genomic surveillance will be crucial for tracking viral
evolution and identifying mutations associated with
vaccine escape or antiviral treatment resistance.
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This article was preprinted at https://doi.org/10.1101/
2022.09.19.22280115.
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