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We studied a community cluster of 25 mpox cases in Viet-
nam caused by emerging monkeypox virus sublineage
C.1 and imported into Vietnam through 2 independent
events; 1 major cluster carried a novel APOBEC3-like
mutation. Three patients died; all had advanced HIV co-
infection. Viral evolution and its potential consequences
should be closely monitored.

o date, most globally reported mpox sequences

have come from Europe and North America,
where sustained human-to-human transmission
has resulted in explosive mpox outbreaks, especial-
ly in 2022 (1). A hallmark of the monkeypox virus
(MPXV) strain responsible for the ongoing global
outbreaks is its high evolution rate, which is driven
by the host APOBEC3 (apolipoprotein B mRNA ed-
iting enzyme, catalytic polypeptide 3) deaminases,
causing a dinucleotide change from TC to TT (2). In
addition, persons with advanced HIV might expe-
rience more severe outcomes (3) and delayed viral
clearance, resulting in the emergence of new vari-
ants, as has been observed with SARS-CoV-2 (4).
However, this possibility has not been well studied
for MPXV infection (5).

Vietnam reported its first mpox cases in late 2022
in 2 female travelers returning from United Arab
Emirates (6). No additional cases were reported until

September 2023, when mpox was diagnosed in a
33-year-old man in Dong Nai Province in southern
Vietnam (7). This case marked the start of ongo-
ing community transmission in Vietnam, where the
mpox vaccine has not been deployed.

Despite the ongoing challenges of mpox, existing
literature has been dominated by reports from Eu-
rope and North America, where most cases have been
reported (1). We therefore studied the longitudinal
clinical, laboratory, and virological features in mpox
patients admitted to a tertiary referral hospital in Ho
Chi Minh City, Vietnam, in 2023. We also sought to
study virus evolution in persons with advanced HIV
over the course of hospitalization.

The Study

In Vietnam, all persons with mpox are subject to
isolation at a designated healthcare center for >14
days or until clinical manifestations resolve. This
study was conducted at the Hospital for Tropi-
cal Diseases (HTD) in Ho Chi Minh City. HTD
is a tertiary referral infectious diseases hospital
and a designated hospital for isolating and treat-
ing mpox patients in Ho Chi Minh City, which
has a population of =10 million persons. The
study was approved by the HTD Institutional Re-
view Board and Oxford Tropical Research Ethics
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Committee. Written informed consent was ob- swab samples for analysis. Where relevant, cerebro-
tained from study participants. spinal fluid (CSF) samples, endotracheal aspirate

We collected laboratory and clinical data from (ETA) samples, and follow-up lesion swab sam-
recruited patients at admission, as well as lesion ples were also collected from patients with clinical

Table. Baseline characteristics of 25 participants in study of emerging monkeypox virus sublineage C.1 causing community
transmission, Vietnam, 2023*

Characteristic Value
Median age, y (range) 31 (22-49)
From Ho Chi Minh City 20/25 (80)
Median time from symptom onset to admission, d (range) 6 (4-30)
Median hospitalization, d (range) 14 (11-43)
Sexual activity within 21 d before iliness 18/25 (72)
Travel abroad within 21 d before iliness 0/25 (0)
HIV-positive 21/25 (84)
Receiving antiretroviral therapy 16/21 (76)
Gonorrhea 5/25 (20)
Syphilis 9/25 (36)
Symptoms
Fever 14/25 (56)
Sore throat 5/25 (20)
Myalgia 2/25 (8)
Headache 1/25 (4)
Fatigue 2/25 (8)
Oral pain 2/25 (8)
Diarrhea 2/25 (8)
Rectal pain 6/25 (24)
Pain with swallowing 2/25 (8)
Difficulty swallowing 1/25 (4)
Lymphadenopathy 16/25 (64)
Cervical 9/16 (56)
Inguinal 9/16 (56)
Median temperature, °C (range) 37 (37-38.5)
Median heart rate, bpm (range) 85 (75-130)
Median respiratory rate, bpm (range) 20 (18-22)
Median arterial pressure, mm Hg (range) 83 (73-107)

Laboratory findings, median (range)/(reference range)

CD4+ count, cells/pL

451 (1-956)/(500~1600)

leukocyte count, 10° cells/L 9.98 (5.53-17.08)/(4.5-11)

Hemoglobin, g/L
Platelet count, 10%/L
Glucose, mg/dL

147 (11-174)/(130-160)
256 (131-473)/(140-440)
83 (6-138)/(70-100)

Aspartate aminotransferase, U/L 24 (15-48)/(0—40)
Alanine aminotransferase, U/L 35 (11-85)/(0—40)
Creatinine, pmol/L 89 (70-147)/(53-120)
No. lesions
1-5 1/25 (4)
6-25 11/25 (44)
26-100 12/25 (48)
>250 1/25 (4)
Lesion position
Arm 20/25 (80)
Leg 19/25 (76)
Genitals 19/25 (76)
Oral mucosa 5/25 (20)
Perianal area 15/25 (60)
Lesion characteristics
Macule 5/25 (20)
Papule 6/25 (24)
Early vesicle 11/25 (44)
Small pustule 21/25 (84)
Umbilicated pustule 12/25 (48)
Ulcerated lesion 6/25 (24)
Crusting of a mature lesion 10/25 (40)
Partially removed scab 3/25 (12)

*Values are no. (%) unless otherwise indicated. All patients were assigned male sex at birth; 24/25 reported having sex with men (2 men identified as
bisexual). No participants had been vaccinated for mpox or had a tecovitimat prescription.
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complications. Daily clinical follow-up of patients
took place during hospitalization, including assess-
ment for new and evolving lesions.

We diagnosed MPXV using LightMix Modular
Mpox PCR (TIB Molbiol, https://www.tib-molbiol.
de). We generated MPXV genomes directly from
representatives of admission lesion swabs and other
sample types (if available) with a PCR cycle thresh-
old (Ct) value <30 using a metagenomics-based ap-
proach (6) (Appendix, https://wwwnc.cdc.gov/
EID/article/30/11/24-0729-Appl.pdf).

During September-December 2023, a total of 54
mpox patients were admitted to HTD, and 25 (46%)
participated in the clinical studies. The participants
were 22-49 (median 31) years of age; 88% (22/25)
were men who have sex with men (Table). No patients
reported recent travel history outside of Vietnam.
HIV infection was documented in 21 (84%) persons;
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Figure 1. Heat map showing changes in the number of skin
lesions over the course of hospitalization of 3 fatal (P04, P13, and
P17) and 22 nonfatal cases in study of emerging monkeypox virus
sublineage C.1 causing community transmission, Vietnam, 2023.
Median follow-up was 3 (range 3-5) days. P, patient number.
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median CD4 cell count was 14 (range 1-579) cells/ L.
Of those 21 patients, 16 (76%) were receiving antiret-
roviral therapy. Concurrent sexually transmitted dis-
eases were documented in 12/24 (50%) persons; the
most common were syphilis (n = 9) and gonorrhea
(n=5) (Table).

A total of 3 patients had severe disease that re-
quired intensive care unit admission for septic shock;
the patients subsequently died (Appendix Table 1).

Figure 2. Natural progression of skin lesions of mpox patient
who died in study of emerging monkeypox virus sublineage C.
1 causing community transmission, Vietnam, 2023. Skin
lesions shown are on the right hand (A), right leg (B), and
perianal and buttock areas (C) of a patient with a CD4 cell
count of 16 cells/uL.
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Those patients were all young adults with advanced
HIV infection (low CD4 cell counts) (Appendix Table
1); only 1 was receiving antiretroviral therapy. One
patient had other opportunistic infections (tuberculo-
sis and pneumocystis pneumonia) (Appendix Table
1), and MPXV DNA was detected in both ETA (PCR
Ct 17.67) and CSF (PCR Ct 33.82). Lumbar punc-
ture was indicated in this patient because he began
hallucinating. We did not perform testing for other
pathogens in the CSF, but the CSF parameters were
with reference ranges (data not shown). All patients
who died had prominent skin lesions (confluence and
necrosis) (Figures 1, 2) that remained unhealed. The
remaining 22 (88%) patients made a full recovery; all
lesions resolved before hospital discharge.

We successfully obtained 14 complete-genome se-
quences from 14 patients (Appendix Table 1). Phylo-
genetically, they all exhibited a close relatedness with
sublineage C.1 viruses of MPXV clade IIb but formed
2 separate clusters, including 1 cluster of 13 sequenc-

Region
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B East Asia Oceania

" North America M Africa

B Europe West Asia

South America

es sharing 2 nonsynonymous substitutions (Figure
3). Pairwise analysis identified 12 nonsynonymous
mutations (2 APOBEC3-like and 10 non-APOBEC3-
like) in the 14 Vietnam sequences but not in the global
MPXV dataset as of July 29, 2024 (Appendix Figure
1). The 2 APOBEC3-like mutations were detected in
2/14 (14.3%) sequences and 13/14 (92.9%) sequences,
as compared with 1/14 (7.1%) sequence for the 10
non-APOBEC3-like mutations (Appendix Figure 1).
Subsequently, Sanger sequencing confirmed the pres-
ence of the APOBEC3-like mutation (OPG068: S428L)
coexisting in 13/14 sequences in the original samples
(Appendix Figure 2). We did not perform Sanger se-
quencing for the remaining 11 sporadic mutations
because materials were unavailable. The 12 substitu-
tions were mostly located in functional proteins con-
cerning virus assembly, virulence, or replication (Ap-
pendix Table 3).

Of the patients who died, 1 person had 4 longitu-
dinal lesion swab samples and an ETA available for

OPGO068: S428L
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Figure 3. Assessment of genetic diversity of the monkeypox virus genomes obtained in study of emerging monkeypox virus sublineage
C.1 causing community transmission, Vietnam, 2023. Time-scaled phylogenetic tree of 14 Vietnam monkeypox virus genomes from
this study (asterisk) highlights 2 nonsynonymous substitutions shared by 13 sequences (red arrow), with substitution OPG068: S428L
uniquely found in those 13 sequences. D, aspartate; L, leucine; N, asparagine; OPG, orthopoxvirus gene; S, serine.
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intrahost evolution analysis. We found evidence of
nonsynonymous substitutions (n = 2) and single-nu-
cleotide polymorphisms (n = 6) in the metagenomics
datasets (Appendix Table 4). However, subsequent
Sanger sequencing failed to confirm their presence in
the original samples (Appendix Figure 3).

Our findings emphasize that, although MPXV in-
fections are usually self-limiting, severe clinical com-
plications and death can occur, especially in persons
with advanced HIV (3,8). Detecting MPXV in ETA
and CSF samples is unusual, although it has been re-
ported previously (3), and this finding supports fur-
ther study of mpox pathogenesis.

The responsible viruses belonged to sublineage C.1,
lineage B.1 of clade IIb, and were imported into Vietnam
through 2 independent events, as demonstrated by their
phylogenetically forming into 2 different clusters. Sub-
lineage C.1 has only recently emerged and caused lo-
cal transmission in China (9). In addition, C.1 sequences
from various countries in Asia, Europe, and the Ameri-
cas have been deposited to GISAID (https://www.gi-
said.org), demonstrating its global dispersal. Those col-
lective findings point to a rapid evolution of MPXV, of
which the host APOBEC3 has been shown to be a main
driver (2). Alternatively, immune suppression or antivi-
rals might also enable intrahost evolution, as observed
in a recent study (5). Similar findings were documented
in our metagenomics datasets of longitudinal samples.
However, subsequent Sanger sequencing failed to con-
firm those original findings, likely attributed to sequenc-
ing artifacts, emphasizing the importance subsequent
Sanger sequencing-based confirmatory experiments.

The tight cluster on the global phylogenetic tree
of the 13 sequences sharing 2 nonsynonymous substi-
tutions suggested that those patients shared a trans-
mission network, supporting findings from a recent
report (10). Because direct skin-to-skin contact plays
a key role in MPXV transmission, public education
campaigns should raise awareness about behaviors
that increase the risk for MPXV exposure (11). Vac-
cination remains the most effective tool to control
mpox outbreaks (12).

Conclusions

We report the clinical, laboratory, and virological
findings in 25 mpox patients infected with an emerg-
ing sublineage C.1 that was imported into Vietnam
through 2 independent events; 1 major cluster car-
ried a novel APOBEC3-like mutation concerning vi-
rus assembly. MPXV evolution and its potential con-
sequences should be closely monitored. Clinicians
should be aware of unusual skin lesions in patients
with advanced HIV.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 11, November 2024

Monkeypox Virus Sublineage C.1, Vietnam, 2023

Acknowledgments

We are indebted to the participants for their participation

in this study and our colleagues at the Hospital for Tropical
Diseases for providing clinical care for the patients. We thank
all data contributors and their laboratories for obtaining the
speciments for this study, and we thank the laboratories that
submitted and shared their generated genetic sequence and
metadata via GISAID, on which this research is based.

This work was supported by the Wellcome Trust, United
Kingdom (226120/Z,/22/Z and 225437/Z,/22/Z). The
funder did not have any influence on the study design,
study conduct, preparation of the manuscript, or decision
to publish.

About the Author

Dr. Hoa is a senior infectious disease specialist at the Ho
Chi Minh City Hospital for Tropical Diseases. Her research
interests focus on infectious diseases, including mpox.

References

1. World Health Organization. 2022-24 mpox (monkeypox)
outbreak: global trends [cited 2024 Apr 26].
https:/ /worldhealthorg.shinyapps.io/ mpx_global

2. O'Toole A, Neher RA, Ndodo N, Borges V, Gannon B,
Gomes JP, et al. APOBEC3 deaminase editing in mpox virus
as evidence for sustained human transmission since at least
2016. Science. 2023;382:595-600. https:/ /doi.org/10.1126/
science.adg8116

3. Mitja O, Alemany A, Marks M, Lezama Mora ]I,
Rodriguez-Aldama JC, Torres Silva MS, et al.; SHARE-NET
writing group. Mpox in people with advanced HIV
infection: a global case series. Lancet. 2023;401:939-49.
https:/ /doi.org/10.1016/S0140-6736(23)00273-8

4. CeleS, Karim F, Lustig G, San JE, Hermanus T, Tegally H,
et al.; COMMIT-KZN Team. SARS-CoV-2 prolonged
infection during advanced HIV disease evolves extensive
immune escape. Cell Host Microbe. 2022;30:154-162.e5.
https:/ /doi.org/10.1016/j.chom.2022.01.005

5. Rueca M, Tucci FG, Mazzotta V, Gramigna G, Gruber CEM,
Fabeni L, et al. Temporal intra-host variability of mpox
virus genomes in multiple body tissues. ] Med Virol.
2023;95:e28791. https:/ /doi.org/10.1002/jmv.28791

6. Dung NT, Hung LM, Hoa HTT, Nga LH, Hong NTT,
Thuong TC, et al. Monkeypox virus infection in 2 female
travelers returning to Vietnam from Dubai, United Arab
Emirates, 2022. Emerg Infect Dis. 2023;29:778-81.
https:/ /doi.org/10.3201/eid2904.221835

7. Adamson PC, Bui HTM, Kesteman T, Nguyen DTN,
Nguyen TTH, Van Le T, et al. Screening for monkeypox virus
infections in men who have sex with men in a sexual health
clinic in Hanoi, Viet Nam. Lancet Microbe. 2023;4:201-2.
https:/ /doi.org/10.1016 /S2666-5247(22)00385-8

8. Philpott DC, Bonacci RA, Weidle PJ, Curran KG, Brooks JT,
Khalil G, et al. Low CD4 count or being out of care increases
the risk for mpox hospitalization among people with
human immunodeficiency virus and mpox. Clin Infect Dis.
2024;78:651-4. https:/ /doi.org/10.1093/ cid / ciad482

9. Yu], Zhang X, Liu J, Xiang L, Huang S, Xie X, et al.
Phylogeny and molecular evolution of the first local
monkeypox virus cluster in Guangdong Province, China.

2389


https://doi.org/10.1126/science.adg8116
https://doi.org/10.1126/science.adg8116
https://doi.org/10.1016/S0140-6736(23)00273-8
https://doi.org/10.1016/j.chom.2022.01.005
https://doi.org/10.1002/jmv.28791
https://doi.org/10.3201/eid2904.221835
https://doi.org/10.1016/S2666-5247(22)00385-8
https://doi.org/10.1093/cid/ciad482

DISPATCHES

Nat Commun. 2023;14:8241. https://doi.org/10.1038/ 12.
s41467-023-44092-3
10. Borges V, Duque MP, Martins JV, Vasconcelos P,
Ferreira R, Sobral D, et al. Viral genetic clustering and
transmission dynamics of the 2022 mpox outbreak in Por-
tugal. Nat Med. 2023;29:2509-17. https:/ /doi.org/10.1038/

Deputy NP, Deckert ], Chard AN, Sandberg N,

Moulia DL, Barkley E, et al. Vaccine effectiveness of
JYNNEOS against mpox disease in the United States.

N Engl ] Med. 2023,388:2434-43. https:/ /doi.org/10.1056/
NEJMoa2215201

s41591-023-02542-x
11. Allan-Blitz LT, Gandhi M, Adamson P, Park I, Bolan G,
Klausner JD. A position statement on mpox as a sexually

Address for correspondence: Nguyen Thanh Dung or LeVan
Tran, Hospital for Tropical Diseases, 764 Vo Van Kiet, District 5,
Ho Chi Minh City, Vietnam; email: bsdungbvbnd@gmail.com or

2390

transmitted disease. Clin Infect Dis. 2023;76:1508-12.

https://doi.org/10.1093/ cid / ciac960

tanlv@oucru.org

August 2024

The Diversity of Life

¢ Archaea in the Human Microbiome
and Potential Effects on Human
Infectious Disease

e Outbreak of Intermediate Species
Leptospira venezuelensis Spread by
Rodents to Cows and Humans in
L. interrogans—Endemic Region, Venezuela

¢ Systematic Review of Prevalence of
Histoplasma Antigenuria in Persons with
HIV in Latin America and Africa

¢ Environmental Hot Spots and
Resistance-Associated Application
Practices for Azole-Resistant Aspergillus
fumigatus, Denmark, 2020-2023

¢ Retrospective Study of Infections with
Corynebacterium diphtheriae Species
Complex, French Guiana, 2016-2021

e Emergence of Bluetongue Virus Serotype
3, the Netherlands, September 2023

¢ Phylogeographic Analysis of
Mycobacterium kansasii Isolates from
Patients with M. kansasii Lung Disease in
Industrialized City, Taiwan

e Potential of Pan-Tuberculosis Treatment to
Drive Emergence of Novel Resistance

¢ Wastewater Surveillance to Confirm
Differences in Influenza A Infection
between Michigan, USA, and Ontario,
Canada, September 2022—-March 2023

¢ Fatal SARS-CoV-2 Infection among
Children, Japan, January—September 2022

¢ Metagenomic Detection of Bacterial
Zoonotic Pathogens among Febrile
Patients, Tanzania, 2007—-2009

® SARS-CoV-2 Seropositivity in Urban
Population of Wild Fallow Deer, Dublin,
Ireland, 2020-2022

¢ Detection of Nucleocapsid Antibodies
Associated with Primary SARS-CoV-2
Infection in Unvaccinated and Vaccinated
Blood Donors

* Standardized Phylogenetic Classification of
Human Respiratory Syncytial Virus below
the Subgroup Level

e Geographic Distribution of Rabies Virus
and Genomic Sequence Alignment of Wild
and Vaccine Strains, Kenya

 Scrapie versus Chronic Wasting Disease in
White-Tailed Deer

¢ Highly Pathogenic Avian Influenza
Virus A(H5N1) Clade 2.3.4.4b Infection in
Free-Ranging Polar Bear, Alaska, USA

® Rustrela Virus in Wild Mountain Lion
(Puma concolor) with Staggering Disease,
Colorado, USA

¢ Hepatitis B Virus Reactivation after Switch
to Cabotegravir/Rilpivirine in Patient with
Low Hepatitis B Surface Antibody

¢ Characterization of Influenza D Virus
Reassortant Strain in Swine from Mixed
Pig and Beef Farm, France

* Spatiotemporal Modeling of Cholera,
Uvira, Democratic Republic of the Congo,
2016-2020

* Surge in Ceftriaxone-Resistant Neisseria
gonorrhoeae FC428-Like Strains,
Asia-Pacific Region, 2015-2022

* Real-Time Enterovirus D68 Outbreak
Detection through Hospital Surveillance
of Severe Acute Respiratory Infection,
Senegal, 2023

* Macrolide-Resistant Mycoplasma
pneumoniae Infections among Children
before and during COVID-19 Pandemic,
Taiwan, 2017-2023

® Group B Streptococcus Sequence Type 103
as Human and Bovine Pathogen, Brazil

* Recurrent Occupational Hantavirus
Infections Linked to Feeder Rodent
Breeding Farm, Taiwan, 2022

¢ Crimean-Congo Hemorrhagic Fever
Virus Kinetics in Serum, Saliva, and Urine,
Iran, 2018

¢ Multiplex Dual-Target Reverse
Transcription PCR for Subtyping Avian
Influenza A(H5) Virus

EMERGING
INFECTIOUS DISEASES

To revisit the August 2024 issue, go to:

https://wwwnc.cdc.gov/eid/articles/issue/30/8/table-of-contents

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 30, No. 11, November 2024


https://doi.org/10.1038/s41467-023-44092-3
https://doi.org/10.1038/s41467-023-44092-3
https://doi.org/10.1038/s41591-023-02542-x
https://doi.org/10.1038/s41591-023-02542-x
https://doi.org/10.1093/cid/ciac960
https://doi.org/10.1056/NEJMoa2215201
https://doi.org/10.1056/NEJMoa2215201

