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clinical and microbiological cure of M. conceptionense
pneumonitis by using azithromycin and doxycycline in a
patient with HIV/AIDS in the United States.
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Active surveillance in high-risk sites in Cambodia has iden-
tified multiple low-pathogenicity influenza A(H7) viruses,
mainly in ducks. None fall within the A/Anhui/1/2013(H7N9)
lineage; however, some A(H7) viruses from 2018 show
temporal and phylogenetic similarity to the H7N4 virus that
caused a nonfatal infection in Jiangsu Province, China, in
December 2017.

Avian influenza virus (AIV) subtype A(H7) is of con-
cern because it has been a leading cause of zoonotic
infections over the past 2 decades (/). The A/Anhui/1/2013-
lineage A(H7N9) viruses, a leading cause of zoonotic in-
fections in Asia since 2013, have not been detected in the
Greater Mekong Subregion, but independent H7 lineages,
including H7N3, H7N7, and H7Nx, have been detected oc-
casionally in Cambodia since 2009 (2—4). H7N3 virus was
detected from a duck mortality event in Kampong Thom dur-
ing January 2017 (2), and H7N7 virus was detected in a live-
bird market (LBM) in Takeo in September 2017 (4). Further-
more, highly pathogenic avian influenza (HPAI) A(HSN1)
and low-pathogenicity avian influenza (LPAI) A(HON2) are
endemic in Cambodia (5); 59 poultry outbreaks of AIV and
56 human HPAI A(H5N1) cases have occurred since 2006.
Although the exact ecologic links are unknown, serologic
studies suggest that AIVs of multiple subtypes are frequently
introduced into poultry in Cambodia, possibly through cross-
border trade or through wild birds (2,6,7).

In December 2017, a 68-year-old woman in Jiangsu,
China, who had underlying medical conditions was in-
fected by an LPAI influenza A(H7N4) virus, which led to
severe pneumonia and intensive care unit admission, but
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she recovered and left the hospital after 21 days (8,9). Ge-
netically similar H7N4 viruses were subsequently detected
in contact chickens (9,/0) and aquatic poultry in Jiangsu
(GISAID, https://www.gisaid.org), substantiating that the
infection was zoonotic and raising concerns of endemicity
of H7N4 in the region. Because of the antigenic differenc-
es between the A/Jiangsu/1/2018-like A(H7N4) virus and
other H7 lineages (/0), including A/Anhui/1/2013(H7N9)
lineage, this newly detected H7N4 virus has been proposed
as a vaccine candidate for pandemic preparedness (/0).
Beginning in February 2018, 2 months after the H7N4
case in China, this virus was detected in ducks in Cam-
bodia; the frequency of detection increased in March and
April (4). Therefore, because of the novelty of the strain
and the association with human infection, we sought to un-
derstand the genomic diversity of H7 viruses in Cambodia.
We characterized the whole genomes (for sequenc-
ing methods, see Appendix, http:/wwwnc.cdc.gov/EID/
article/25/10/19-0506-App1.pdf) of 16 viruses collected during
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2015-2018 subtyped by reverse transcription PCR (RT-PCR)
as having an H7 hemagglutinin (HA) gene or an N4 neuramin-
idase (NA) gene; we also included viruses for which the HA
or NA could not be typed but that were epidemiologically as-
sociated with A(H7) viruses (Appendix Table). We obtained
samples from poultry swabs collected across multiple LBMs,
slaughterhouses, and poultry collection centers in Cambodia;
most H7 viruses originated from domestic ducks (4).

All AIV samples collected during February—April
2018 in Cambodia (n = 9) (Appendix Table 1, Figure 1)
contained >1 segment with high similarity and common
evolutionary origins to the Jiangsu H7N4 samples, whereas
AIV collected before this period formed other independent
lineages derived from wild birds. Seven H7-HA from vi-
ruses collected in 2018 in Cambodia (4 H7N4, 1 H7NS, 1
H7Nx, and 1 H7 with mixed N4 and N7 segments) were
most closely related to the HA and NA genes of Jiangsu
H7N4 isolates; all 6 N4 NA were most closely related to
the NA genes of Jiangsu H7N4 isolates (Figure). We also
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Figure. Maximum-likelihood phylogeny of the evolutionary origins of influenza A(H7N4) virus in Cambodia and comparison with
reference isolates. H7 hemagglutinin (A) and N4 neuraminidase (B) genes were inferred using a general time-reversible nucleotide
substitution model with a gamma distribution of among-site rate variation in RAXML version 8 (https://cme.h-its.org/exelixis/web/
software/raxml) and visualized using Figtree version 1.4 (http://tree.bio.ed.ac.uk/software/figtree/). Branch support values were
generated using 1,000 bootstrap replicates. Scale bars represent nucleotide substitutions per site. A color version of this figure is
available online (https://wwwnc.cdc.gov/ElD/article/25/10/19-0506-F 1.htm).
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observed close relationships between the Jiangsu and Cam-
bodia isolates in the internal segments polymerase basic
protein 2 (PB2), polymerase acidic protein (PA), and nu-
cleoprotein (NP); most viruses carried a common PA gene
(Appendix Figure 1). However, none of the H7N4 viruses
from Cambodia shared all segments with Jiangsu isolates,
indicating continual reassortment with AIV co-circulating
in the region.

Phylogenetic analysis showed that the Cambodia—
Jiangsu H7-HA genes emerged during late 2017 (mean
time to most recent common ancestor November 2017,
95% CI August 2016—July 2017) and were derived from
H7N7 and H7N2 viruses previously detected in aquatic
birds in east Asia (Appendix Figure 2). In contrast, the
N4-NA exhibited a greater diversity in Cambodia (mean
time to most recent common ancestor January 2016; 95%
CI January 2015-November 2016) and were derived from
H10N4 and H8N4 viruses previously detected in Georgia,
Russia, and Mongolia.

Our results show that H7N4 is a newly developing vi-
rus lineage that originated from divergent avian lineages
within the Eurasian AIV gene pool. The dispersed genetic
origins from locations in Europe and central Asia and the
similarity of the Cambodia and Jiangsu H7N4 samples in-
dicates that the H7N4 virus was generated in aquatic birds,
likely just before their first detection. Detection of H7N4
in LBMs in Cambodia in such a short span of time at such
a large spatial distance highlights the risk and potential for
rapid spread of AIV lineages throughout the region. The
ability to infect a human subject, the continual reassort-
ment and antigenic evolution of this lineage, and the en-
demicity of numerous LPAI and HPAI viruses may fur-
ther increase the risk for zoonotic infections and warrants
vigilant, active surveillance in wild birds and poultry in
the region.
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We describe a case of facial skin infection and sinusitis
caused by Mycobacterium marseillense in an immunocom-
petent woman in China in 2018. The infection was cleared
with clarithromycin, moxifloxacin, and amikacin. Antimicrobial
drug treatments could not be predicted by genetic analyses;
further genetic characterization would be required to do so.

ycobacterium marseillense is a member of the M. avi-

um complex (/) that has caused infections with lym-
phatic or pulmonary involvement sporadically in humans
(2—4). We report M. marseillense infection involving facial
skin in an immunocompetent woman in eastern China.

"These authors contributed equally to this article.
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In April 2018, a 59-year-old woman was referred to
our institute (Institute of Dermatology, Chinese Academy
of Medical Sciences and Peking Union Medical College,
Nanjing, China) for a 4-year history of an erythematous
plaque with ulceration located on the right cheek. The pri-
mary lesion was a small erythematic patch that gradually
developed into an asymptomatic ulcerative plaque (i.c., the
plaque had no heat, swelling, pain, or pruritus). She also
reported occasional bloody, purulent nasal discharge over
the course of 2 years. Two years before visiting our hospi-
tal, cutaneous tuberculosis was suspected, so she received
treatment for tuberculosis (rifampin, isoniazid, ethambutol,
pyrazinamide) for 10 months. No obvious improvement
was observed with this treatment. Her medical history was
otherwise unremarkable.

On physical examination, an infiltrated erythematous
plaque with yellow scales and crusts on the right cheek was
visible (Figure, panel A). Routine laboratory tests showed
no remarkable findings. The results of autoantibody and
HIV tests were negative, and immune subset cell counts
were unremarkable. Histologic examination showed infil-
tration of a large number of lymphocytes, plasma cells, and
neutrophils and some tissue cells in the dermis (Appendix
Figure 1, https://wwwnc.cdc.gov/EID/article/25/10/19-
0695-Appl.pdf). Computed tomography scan of the pa-
ranasal sinuses showed bilateral maxillary, right ethmoid,
and frontal sinusitis (Figure, panel C). Culture and PCR for
mycobacteria in nasal discharge yielded negative findings.

After 3 weeks of skin tissue culture at 32°C in Low-
enstein—Jensen medium, we observed smooth, yolk-yellow
bacterial colonies (Appendix Figure 2). Ziehl-Neelsen
staining confirmed the cultured organism was acid-fast ba-
cilli. Sequence analysis indicated that the complete genetic
sequence of 16S rRNA was 99.0%, hsp65 100%, and rpoB
99.8% homologous with M. marseillense strain FLAC0026.
Phylogenetic analysis of the 16S rRNA sequence showed
the isolate clustered with M. chimaera and M. intracellu-
lare (Figure, panel D). Although the 16S rRNA gene se-
quence of the isolate was 100% similar to M. intracellu-
lare subsp. yongonense 05-1390, the sequence similarities
to hsp65 and rpoB were relatively low. Sequence analyses
suggested M. marseillense infection.

Referring to the guidelines for pulmonary M. avium
complex disease, we treated the patient with the antimicro-
bial drugs clarithromycin, rifampin, and ethambutol (35).
Afterward, in vitro drug susceptibility testing showed the
isolate was sensitive to clarithromycin, azithromycin, and
amikacin; moderately sensitive to moxifloxacin; and resis-
tant to ethambutol and rifampin. Therefore, 3 months after
initiating treatment, we changed the regimen to clarithro-
mycin, moxifloxacin, and amikacin, which she received
for 2 months. The patient’s skin lesions healed gradually,
and nasal symptoms disappeared, but a scar and erythema
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Appendix

Whole Genome Sequencing

Whole genome sequences were generated by next generation sequencing using lon
Torrent PGM with universal primers, and by Sanger sequencing using gene-specific primers, as
described previously (1), followed by a customized de novo assembly pipeline of corrected reads
using SPAdes v3 (2). Consensus sequences were then generated by BLAST against a local
database built from all influenza records available in the National Center for Biotechnology
Information database (https://www.ncbi.nlm.nih.gov) as of November 2018, followed by
maximum likelihood phylogenetic analysis (3) using sequences from the GISAID repository
(https://www.gisaid.org/; downloaded in January 2019).

Molecular Characterization of Cambodian Influenza A(H7N4) Viruses

None of the Cambodian and Jiangsu A(H7N4) viruses contained known amino acid
mutations that confer adaptation of AlV to humans (e.g., PB2 627/701 or HA 186/226/228; H3-
HA numbering) (4). However, despite showing independent origins, most of the Cambodian
viruses contained amino acid mutations in the matrix (M) gene, namely N30D and T215A,
shown to increase pathogenicity of A(H5N1) virus in rodents (5). All samples contained markers
that indicated that these viruses would be sensitive to known antiviral drugs, including

adamantanes, oseltamivir/zanamivir and baloxivir-marboxil (6).
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Appendix Table. Low pathogenic avian influenza viruses detected in poultry in Cambodia and their genomic similarity to A/Jiangsu-
China/1/2018

Virus name Subtype Date Location HAY NA PB2 PBl1 PA NP MP NS
Alduck/Cambodia/12T-24-1- H7N4tf 2018 Mar22 Takeo 99.4 99.4 98.1 96.1 994 96.7 98.0 97.2
R?Jﬁglile(;lambodiaﬂZT-M—l- H7N7/4 2018 Mar22 Takeo 96.7 994 950 957 995 965 N/A 97.2
'I:Q)/](-‘J7L:(22|?/](.:8ambOdia/C50W8M1/2018 H7N4 2018 Feb24 Phnom 99.4 995 93.7 96.3 994 965 983 97.2
Alduck/Cambodia/14T-24-1- HxN4 2018 Apr 10 'Il?aekr:arl) N/A 99.0 937 953 974 970 975 978
illdllﬁI?I%ZBambodia/12T-24—l- H7N4 2018 Mar22 Takeo 99.0 99.3 93.7 957 9598 96.7 974 N/A
2}(;szgli-liambodia/12T-24—1- H7N4 2018 Mar 22  Takeo 99.3 994 NA NA NA NA NA NA
Rgggt]/-gambodia/CRWMMll H7Nx 2018 Apr05 Phnom 99.2 N/A N/A NA NA NA NA NA
i(/)dll?ck/Cambodia/C7OW14M1/ H7N5 2018 Apr 05 Piirc])% 99.4 N5 919 953 950 987 982 0973
i?dlfck/Cambodia/C8W6Ml/2018 H10N7 2018 Feb 06 Pi?\grr]n H10 N7 935 956 945 965 97.1 97.0
A/duck/Cambodia/3T-24-1- H7N7 2017 Sep 17 'Il':,:knet:) 951 N7 910 944 0910 97.0 974 973
E/}j;tglg/]l(.::ambodia/3T-24—l- H7N7 2017 Sep 17  Takeo 952 N7 928 946 917 97.0 974 888

A/duck/Cambodia/b0120501/2017 H7N3 2017 Jan 12 Outbreak 955 N3 86.7 949 924 881 947 715
A/duck/Cambodia/b0116502/2017 H7N3 2017 Jan 12 Outbreak 955 N3 86.7 950 925 88.2 946 718
Alchicken/Cambodia/z437W28M3/ H7N7 2015 Jun 09 Takeo 96.7 N7 935 965 949 97.3 983 979
2015

A/duck/Cambodia/Z535W33M3/ H7N3 2015Aug13 Takeo 959 N3 N/A N/A NA NA NA NA
2015

A/duck/Cambodia/Z683W41M1/ H7Nx 20150c¢t10 Phnom 96.0 N/A N/A NA NA NA NA NA
2015 Penh

*HA, hemagglutinin; MP, N/A, not available; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural protein; PA, polymerase acidic protein; PB,
polymerase basic protein.

tPercentage similarity of strains from Cambodia to corresponding segment of A/Jiangsu/1/2018, with bold values showing similar evolutionary
origins. The evolutionary relationships of these segments are shown in the Figure in the main text and Appendix Figures 1 and 2.

IBold type represents similarity of surface genes of Cambodian viruses to A/Jiangsu/1/2018.

8Incomplete gene sequence.
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Appendix Figure 1. Maximum likelihood trees of the PB2, PA, and NP gene segments showing the
Jiangsu H7N4 and their most closely related strains. Phylogenetic trees were inferred using a general
time reversible nucleotide substitution model with a gamma distribution of among-site rate variation in
RAXML v8, and visualized using Figtree v1.4 (http://tree.bio.ed.ac.uk/software/figtree). Branch support
values were generated using 1,000 bootstrap replicates. Scale bar represents nucleotide substitutions per

site.
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Appendix Figure 2. Time scale of evolution of H7N4 virus. Dated phylogeny of the (A) H7-HA and (B)
N4-NA genes inferred using an uncorrelated log-normal relaxed clock model with constant population

demographic prior in BEAST 1.10 (7), and visualized using Figtree v1.4
(http://tree.bio.ed.ac.uk/software/figtree). Node bars represent 95% confidence intervals.



