
Since 1997, large outbreaks of severe hand, foot, 
and mouth disease (HFMD) caused by diverse 

enterovirus A71 (EV-A71) subgenogroups (such as 
B4, B5, C4, and C5) have been reported in the Asia 
Pacific region (1), resulting in millions of hospitaliza-
tions and substantial numbers of deaths. Increased 
EV-A71 detection and associated neurologic disease 
have also been documented worldwide, including in 
the United States in more recent years (2).

During January 1–June 30, 2023, a total of 12,600 
HFMD cases and 7 deaths were reported in Vietnam. 
Of those cases, 5,383 (42.7%) infections and all 7 deaths 
were recorded in June 2023. We investigated the epi-
demiologic and virologic features of this outbreak. 
The study was approved by the Institutional Review 

Board of CH1 and the Oxford University Tropical Re-
search Ethics Committee. Written informed consent 
was obtained from a parent or guardian of each en-
rolled patient.

The Study
This study forms part of an ongoing HFMD research 
program conducted at Children’s Hospital 1 (CH1) 
in Ho Chi Minh City, Vietnam, since 2013 (Appen-
dix, https://wwwnc.cdc.gov/EID/article/30/2/23-
1024-App1.pdf) (3). Recruited patients had clinical 
data recorded and throat and rectal swab samples 
collected for virologic investigation of EV-A71 and 
other enterovirus infections (Appendix Figure 1) 
(4,5). We extracted complementary data from hospi-
tal records or from a clinical study conducted during 
2013–2018 (3). 

We generated EV-A71 whole-genome sequences 
directly from virus-positive rectal or throat swab 
samples that had sufficient viral loads (PCR cycle 
threshold values of <30) by using a metagenomics-
based approach, as previously described (6). We 

Emerging Enterovirus A71  
Subgenogroup B5 Causing  

Severe Hand, Foot, and Mouth  
Disease, Vietnam, 2023

Nguyen Van Vinh Chau, Tang Chi Thuong, Nguyen Thanh Hung, Nguyen Thi Thu Hong,  
Du Tuan Quy, Tran Ba Thien, Cao Minh Hiep, Ngo Ngoc Quang Minh, Truong Huu Khanh,  

Do Duong Kim Han, Truong Hoang Chau Truc, Nguyen Thi Han Ny, Le Kim Thanh,  
Lam Anh Nguyet, Cao Thu Thuy, Le Nguyen Truc Nhu, Pham Van Quang, Phung Nguyen  

The Nguyen, Phan Tu Qui, H. Rogier van Doorn, C. Louise Thwaites, Tran Tan Thanh,  
Nguyen Thanh Dung, Guy Thwaites, Nguyen To Anh, Le Nguyen Thanh Nhan,  

Le Van Tan, for the SEACOVARIANTS1

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 30, No. 2, February 2024 363

Author affiliations: Department of Health, Ho Chi Minh City,  
Vietnam (N.V.V. Chau, T.C. Thuong); Children’s Hospital 1,  
Ho Chi Minh City (N.T. Hung, D.T. Quy, C.M. Hiep, N.N.Q. Minh, 
T.H. Khanh, P.V. Quang, P.N.T. Nguyen, L.N.T. Nhan); Oxford 
University Clinical Research Unit, Ho Chi Minh City (N.T.T. Hong, 
T.B. Thien, D.D.K. Han, T.H.C. Truc, N.T.H. Ny, L.K. Thanh,  
L.A. Nguyet, C.T. Thuy, L.N.T. Nhu, H.R. van Doorn, C.L. Thwaites, 
T.T. Thanh, G. Thwaites, N.T. Anh, L.V. Tan); Pham Ngoc Thach 

University of Medicine, Ho Chi Minh City (P.V. Quang); University 
of Medicine and Pharmacy at Ho Chi Minh City, Ho Chi Minh City 
(P.N.T. Nguyen); Hospital for Tropical Diseases, Ho Chi Minh  
City (P.T. Qui, N.T. Dung); University of Oxford, Oxford, UK  
(H.R. van Doorn, C.L. Thwaites, G. Thwaites, L.V. Tan)

DOI: https://doi.org/10.3201/eid3002.231024

1Members are listed at the end of this article.

We report on a 2023 outbreak of severe hand, foot, and 
mouth disease in southern Vietnam caused by an emerg-
ing lineage of enterovirus A71 subgenogroup B5. Affected 
children were significantly older than those reported during 
previous outbreaks. The virus should be closely monitored 
to assess its potential for global dispersal.



DISPATCHES

performed recombination analysis by using the Chi-
mera, GENECONV, Maxchi, Bootscan, and Siscan 
algorithms available in RDP4 software (7). To assess 
virus evolution, we constructed maximum-likeli-
hood phylogenetic trees for enterovirus viral pro-
tein 1 (VP1) and whole-genome sequences by using 
IQ-TREE (8); we obtained representative global se-
quences from GenBank for comparisons (Appendix 
Tables 1, 2). 

During January–June 2023, a total of 659 children 
with HFMD (including 106 with severe cases) were 
admitted to CH1; most admissions (463/659 [70.3%]) 
and severe cases (87/106 [82.1%]) occurred in June 
(Figure 1). Of the 659 children, 101 participated in this 
study. The participants resided in 15 provinces/cities 
in southern Vietnam (Appendix Figure 2) and were 
admitted to CH1 shortly after illness onset; the medi-
an number of illness days before admission was 2 (in-
terquartile range 1–2) (Table 1). Twenty-eight (27.7%) 
participants had a disease severity grade of 2A, and 
73 (72.3%) had grade 2B1 or worse (Table 1). Disease 
progressed from lower to higher severity grade in 63 
(62.4%) of 101 children; clinical manifestations pro-
gressed within 1 day after admission in 47 (74.6%) 
children (Appendix Figure 3).

We detected enteroviruses in samples from 
84 (83.2%) of 101 patients. Of those 84 patients, 83 
(98.8%) were positive for EV-A71, and 1 patient was 
positive for coxsackievirus A5. We determined the 
subgenogroup for 67 samples and assigned 65 sam-
ples to subgenogroup B5 (Table 1) and 2 samples to 
subgenogroup C1. The 2 C1-infected patients had 
grade 2B1 and grade 3 disease severity. Compared 
with EV-A71–infected children enrolled in the clinical 
study during 2013–2018, those in the 2023 outbreak 
were significantly older (Table 2; Appendix Figure 4).

We obtained whole-genome sequences from 16 
B5-positive samples (14 rectal and 2 throat swab sam-
ples from 16 individual patients) (Appendix Table 2). 
We did not detect recombination events. Phylogenet-
ic analysis indicated the B5 viruses in Vietnam were 
most closely related to the B5 viruses from Japan, but 
they formed a distinct lineage from those previous-
ly isolated from Vietnam and worldwide (Figure 2; 
Appendix Table 3, Figure 5). In addition, 15 of 16 B5 
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Figure 1. Admissions for and severe cases of hand, foot, and 
mouth disease recorded during January–June 2023 at Children’s 
Hospital 1, Ho Chi Minh City, Vietnam, in study of emerging 
enterovirus A71 subgenogroup B5. Green bars indicate total 
number of patients admitted for hand, foot, and mouth disease. 
Red bars indicate the number of admitted patients who had 
severe disease. Numbers above bars indicate actual number of 
cases at each time point. Scales for the y-axes differ substantially 
to underscore patterns but do not permit direct comparisons.

 
Table 1. Demographics of patients with enterovirus infections and clinical grades of hand, foot, and mouth disease in study of 
emerging EV-A71 subgenogroup B5, Vietnam, 2023* 
Characteristics Total, n = 101 EV-A71, n = 83 EV-A71 B5, n = 65 PCR negative, n = 17 
Sex 
 M 61 (60.4) 48 (57.8) 39 (60.0) 12 (70.6) 
 F 40 (39.6) 35 (42.2) 26 (40.0) 5 (29.4) 
Median age, mo (IQR) 26 (19–34) 27 (21–36) 28 (21–36) 20 (15–22) 
Illness at admission, median d (IQR)† 2 (1–2) 2 (1–2) 2 (1–3) 2 (1–2) 
Origin of patients 
 Ho Chi Minh City 46 (45.5) 35 (42.2) 28 (43.1) 10 (58.8) 
 Other provinces/cities 55 (54.5) 48 (57.8) 37 (56.9) 7 (41.2) 
Clinical grade of disease‡ 
 2A 28 (27.7) 17 (20.5) 15 (23.1) 10 (58.8) 
 2B1 15 (14.9) 12 (14.5) 11 (16.9) 3 (17.6) 
 2B2 16 (15.8) 15 (18.1) 12 (18.5) 1 (5.9) 
 3 41 (40.6) 39 (47.0) 27 (41.5) 2 (11.8) 
 4 1 (1.0) 0 (0.0) 0 (0.0) 1 (5.9) 
*Values are no. (%) except as indicated. EV-A71, enterovirus A71; IQR, interquartile range. 
†Median number of days of illness before admission. 
‡Clinical grades of hand, foot, and mouth disease have been previously defined (3). 
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sequences from the 2023 outbreak carried a glycine 
residue at position 17 (G17) within the N-terminus of 
VP1. In the 1 remaining sample, a G17 codon was de-
tected in 3 of 122 reads generated by the metagenomic 
workflow, and a serine (S17) codon was detected in 
the remaining 119 reads (Appendix Figure 6). In con-
trast, among 287 nonidentical global B5 sequences 
used for phylogenetic analysis, an S17 codon was ob-
served in 285 (99.3%) and a G17 codon was observed 
in 2 (0.7%) sequences. However, the 2 G17-containing 
sequences were derived from virus isolates passaged 
in cultured cell lines (9). Because of the small number 
of subgenogroup C1 sequences (n = 2), we deemed 

a similar in-depth analysis to be uninformative, but 
the C1 viruses from this study were closely related 
phylogenetically to C1 strains isolated worldwide 
(Appendix Figure 7).

Conclusions
We report that the 2023 outbreak of severe HFMD 
in Vietnam was caused by EV-A71 subgenogroups 
B5 and C1; B5 is dominant, and more older children 
were affected than during previous outbreaks. Phylo-
genetic analyses suggest that both B5 and C1 viruses 
were derived from new introductions of EV-A71 into 
Vietnam. In addition, the B5 viruses likely represent 
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Table 2. Age comparisons among patient groups infected with different enterovirus subgenogroups over time in study of emerging EV-
A71 subgenogroup B5 causing severe hand, foot, and mouth disease, Vietnam, 2023* 

Age 
EV-A71  EV-A71 B5  EV-A71 C4† 

2023 2013–2018 p value 2023 2013–2018 p value 2013–2018 p value 
Median age, mo (IQR) 27 (21–36) 21 (15–31) <0.001  28 (21–36) 18 (13–30) <0.001  22 (17–33) 0.042 
*Wilcoxon rank-sum test with continuity correction was applied for analyses of patient ages among groups. EV-A71, enterovirus A71; IQR, interquartile range. 
†Comparison was between EV-A71 subgenogroup B5 detected during 2023 vs. EV-A71 subgenogroup C4 detected during 2013–2018. 

 

 

Figure 2. Phylogenetic analysis 
of viral protein 1 (VP1) coding 
sequences in study of emerging 
enterovirus A71 subgenogroup 
B5 causing severe hand, foot, 
and mouth disease, Vietnam, 
2023. Tree was constructed for 
VP1 gene sequences by using 
the maximum-likelihood method 
to compare genetic relatedness 
among the B5 sequences from 
this study and global sequences 
obtained from GenBank. Line 
colors indicate the country of 
origin for each sequence. Box 
colors indicate the enterovirus 
lineage. Arrow indicates the 
emerging B5 lineage from 
Vietnam carrying an S17G codon 
substitution within the N-terminus 
of VP1. Similar phylogenetic tree 
structure was obtained when 
the analysis was performed by 
using complete genome coding 
sequences. Interlineage and 
intralineage nucleotide sequence 
similarities among the lineages 
were calculated (Appendix Table 
3, https://wwwnc.cdc.gov/EID/
article/30/2/23-1024-App1.pdf). 
Scale bar indicates nucleotide 
substitutions per site.



DISPATCHES

an emerging lineage because of a unique nonsynony-
mous amino acid substitution (S17G) in VP1 and be-
cause they form a distinct lineage within the global 
B5 phylogenetic tree. Further research is needed to 
clarify the origin and transmission network of this 
emerging lineage.

Underlying factors might cause the emergence 
of EV-A71 subgenogroups within a specific locality; 
the accumulation of a sufficient number of suscep-
tible young children in the population and pathogen 
evolution might play critical roles (9,10). The chang-
ing epidemiology of respiratory pathogens as a con-
sequence of COVID-19 has been documented (11), 
although EV-A71 is mainly transmitted by the oral-
fecal route; thus, the effects of COVID-19 on EV-
A71 transmission might be different from those of 
other respiratory viruses. However, the COVID-19 
pandemic could have resulted in a large cohort of 
children who had greater susceptibility to EV-A71 
infection, leading to a surge in infections among old-
er children in the 2023 outbreak. Virus immune eva-
sion or altered virulence might also be substantial 
contributing factors in the outbreak (9,12). The ami-
no acid residue 17 in VP1 does not form part of the 
identified EV-A71 immune epitopes (13), but muta-
tions in the N terminus of VP1 might increase cell 
tropism, potentially contributing to EV-A71 patho-
genesis. Collectively, because VP1 is the most immu-
nogenic protein of EV-A71, the potential effects of 
the nonsynonymous S17G substitution on immune 
escape and virulence of EV-A71 subgenogroup B5 
warrant further investigation.

Previous peaks of EV-A71 outbreaks in Vietnam 
occurred during September–November (3), coincid-
ing with school reopening after the summer holiday 
(June–August). As of November 2023, the outbreak 
in Vietnam was still ongoing and had resulted in 
>100,000 infections and 23 deaths across the country. 
The potential for severe EV-A71–associated HFMD 
outbreaks to spread to other parts of the world should 
be closely monitored.

Inactivated EV-A71 vaccines have been devel-
oped in China and Taiwan (14) but have only been 
used in China. Real-world data have shown that 
those vaccines substantially reduced EV-A71–as-
sociated disease transmission in China (15). Thus, 
using EV-A71 vaccines in other HFMD-endemic 
countries could have a similar effect. However, 
the extent to which EV-A71 vaccines might shape 
HFMD dynamics as a whole should be closely mon-
itored. Because HFMD is transmitted through the 
oral-fecal route, good hygiene is critical to reduce 
EV-A71 transmission. 

In conclusion, the 2023 outbreak of severe HFMD 
in Vietnam has mainly been caused by an emerging 
EV-A71 subgenogroup B5 lineage, and older children 
have been affected. Clinicians should recognize the 
diverse clinical manifestations of HFMD. Further-
more, enhanced EV-A71 surveillance is needed to 
inform the outbreak response in Vietnam and else-
where, should the virus spread.
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Appendix 

Additional Methods 

Hand, Foot, and Mouth Disease Grade Classification 

The Vietnam Ministry of Health subdivides HFMD into 4 major clinical grades. Grade 1 

is assigned to patients with mouth ulcers or vesicles/papules on their hands, feet, or buttocks, 

with or without mild fever (<39°C). Grade 2 is further divided into grade 2A (central nervous 

system involvement: myoclonus reported by parents or caregivers only, fever >39°C, or ataxia); 

grade 2B1 (myoclonus observed by medical staff or history of myoclonus and lethargy or pulse 

>130 beats per minute); and grade 2B2 (ataxia, cranial nerve palsies, limb weakness, nystagmus, 

persistent high fever, or pulse >150 beats per minute). Grade 3 involves autonomic dysfunction, 

such as profuse sweating, hypertension, tachycardia, and tachypnea, and grade 4 is assigned for 

disease with additional cardiopulmonary compromise, such as pulmonary edema or shock 

syndrome. Patients with clinical grade >2B1 are considered to have severe HFMD and require 

close monitoring. 

Study and Setting 

Children’s Hospital 1 in Ho Chi Minh City, Vietnam, is a 1,600-bed pediatric hospital 

and 1 of 3 tertiary referral centers for children with hand, foot, and mouth disease (HFMD) in 

southern Vietnam, which has a population of >40 million persons. Study recruitment focused on 

hospitalized patients with HFMD; ≈50% of patients had a clinical disease grade of 2A or 2B1 

and ≈50% had a grade of >2B2. During 2019–April 2023, recruitment to the study was 

interrupted because of low case numbers of HFMD and the emergence of COVID-19. 

https://doi.org/10.3201/eid3002.231024
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Enterovirus Diagnostics and Serotype Determination 

Enterovirus infection diagnosis and serotyping/genogrouping were performed by using a 

combination of PCR and sequencing approaches (Appendix Figure 1) (1–3). In brief, we 

extracted virus RNA from rectal swab samples collected from study participants and then used 

one-step multiplex real-time reverse transcription PCR (RT-PCR) to simultaneously detect 

enteroviruses and enterovirus A71 (EV-A71). Any specimens positive for enteroviruses or EV-

A71 were then tested further to identify specific enterovirus serotypes or EV-A71 subgenogroups 

by using a combination of PCR amplification and sequencing of the viral protein 1 gene 

amplicon (2,3). Viral protein 1 sequences were then analyzed by using a previously described 

online tool to determine enterovirus serotype or EV-A71 subgenogroup (4). If the RT-PCR 

analysis of a rectal sample was negative, throat swab samples were analyzed, and, if positive, the 

same subsequent steps were repeated to identify enterovirus serotypes or EV-A71 

subgenogroups. A confirmed enterovirus diagnosis was established if either a throat swab or 

rectal swab sample was positive by real time RT-PCR. 
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Appendix Table 1. Accession numbers and geographic origins of enterovirus A71 sequences retrieved from GenBank for 
phylogenetic analyses  
Accession no. Country Virus 
MF662693.1 China EV-A71 C4 
KT354870.1 Taiwan EV-A71 B5 
KT354868.1 Taiwan EV-A71 B5 
KT354869.1 Taiwan EV-A71 B5 
KT354867.1 Taiwan EV-A71 B5 
KT354866.1 Taiwan EV-A71 B5 
MG756708.1 Taiwan EV-A71 B5 
MG756714.1 Taiwan EV-A71 B5 
KF974788.1 Taiwan EV-A71 B5 
KF974780.1 Taiwan EV-A71 B5 
KF974785.1 Taiwan EV-A71 B5 
MG756706.1 Taiwan EV-A71 B5 
KF974783.1 Taiwan EV-A71 B5 
MG756711.1 Taiwan EV-A71 B5 
KF974781.1 Taiwan EV-A71 B5 
KF974787.1 Taiwan EV-A71 B5 
KF974784.1 Taiwan EV-A71 B5 
KF974779.1 Taiwan EV-A71 B5 
MG756710.1 Taiwan EV-A71 B5 
MG756709.1 Taiwan EV-A71 B5 
MG756712.1 Taiwan EV-A71 B5 
MG756707.1 Taiwan EV-A71 B5 
HM156065.1 Taiwan EV-A71 B5 
KF974786.1 Taiwan EV-A71 B5 
FJ357385.1 Taiwan EV-A71 B5 
MG756713.1 Taiwan EV-A71 B5 
HM622390.1 Taiwan EV-A71 B5 
JN964686.1 China EV-A71 B5 
MN629889.1 South Korea EV-A71 B5 
KF154354.2 Taiwan EV-A71 B5 
KF974798.1 Taiwan EV-A71 B5 
MG756731.1 Taiwan EV-A71 B5 
KF974797.1 Taiwan EV-A71 B5 
KF974790.1 Taiwan EV-A71 B5 
MG756723.1 Taiwan EV-A71 B5 
MG756740.1 Taiwan EV-A71 B5 
MG756743.1 Taiwan EV-A71 B5 
MG756729.1 Taiwan EV-A71 B5 
MG756727.1 Taiwan EV-A71 B5 
MG756721.1 Taiwan EV-A71 B5 
KF134486.1 Taiwan EV-A71 B5 
KF974794.1 Taiwan EV-A71 B5 
MG756753.1 Taiwan EV-A71 B5 
MG756735.1 Taiwan EV-A71 B5 
MG756726.1 Taiwan EV-A71 B5 
MG756744.1 Taiwan EV-A71 B5 
KF154355.1 Taiwan EV-A71 B5 
MG756739.1 Taiwan EV-A71 B5 
KJ686137.1 Vietnam EV-A71 B5 
MG756748.1 Taiwan EV-A71 B5 
MG756730.1 Taiwan EV-A71 B5 
KF974791.1 Taiwan EV-A71 B5 
KF974792.1 Taiwan EV-A71 B5 
MG756745.1 Taiwan EV-A71 B5 
MG756732.1 Taiwan EV-A71 B5 
KF974795.1 Taiwan EV-A71 B5 
KF974793.1 Taiwan EV-A71 B5 
MG756751.1 Taiwan EV-A71 B5 
MG756750.1 Taiwan EV-A71 B5 
MG756749.1 Taiwan EV-A71 B5 
MG756747.1 Taiwan EV-A71 B5 
MG756741.1 Taiwan EV-A71 B5 
KF974796.1 Taiwan EV-A71 B5 
MG756752.1 Taiwan EV-A71 B5 
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Accession no. Country Virus 
MG756733.1 Taiwan EV-A71 B5 
MG756754.1 Taiwan EV-A71 B5 
MG756734.1 Taiwan EV-A71 B5 
MG756746.1 Taiwan EV-A71 B5 
MG756742.1 Taiwan EV-A71 B5 
MG756738.1 Taiwan EV-A71 B5 
LC626900.1 Japan EV-A71 B5 
MH716391.1 Vietnam EV-A71 B5 
KJ686176.1 Vietnam EV-A71 B5 
MH716390.1 Vietnam EV-A71 B5 
MH716384.1 Vietnam EV-A71 B5 
MH716382.1 Vietnam EV-A71 B5 
MH716388.1 Vietnam EV-A71 B5 
MH716387.1 Vietnam EV-A71 B5 
MH716392.1 Vietnam EV-A71 B5 
MH716381.1 Vietnam EV-A71 B5 
OM417113.1 Thailand EV-A71 B5 
OM417115.1 Thailand EV-A71 B5 
OM417111.1 Thailand EV-A71 B5 
MG756694.1 Taiwan EV-A71 B5 
KX372331.1 Thailand EV-A71 B5 
KX372316.1 Thailand EV-A71 B5 
KR045300.1 Thailand EV-A71 B5 
KX372315.1 Thailand EV-A71 B5 
KX372314.1 Thailand EV-A71 B5 
KX372325.1 Thailand EV-A71 B5 
KX372326.1 Thailand EV-A71 B5 
KX372323.1 Thailand EV-A71 B5 
LC626875.1 Japan EV-A71 B5 
LC626901.1 Japan EV-A71 B5 
LC626879.1 Japan EV-A71 B5 
LC626878.1 Japan EV-A71 B5 
LC626872.1 Japan EV-A71 B5 
LC626877.1 Japan EV-A71 B5 
LC626876.1 Japan EV-A71 B5 
LC626873.1 Japan EV-A71 B5 
LC626874.1 Japan EV-A71 B5 
KR045299.1 Thailand EV-A71 B5 
MG756695.1 Taiwan EV-A71 B5 
KR045301.1 Thailand EV-A71 B5 
KR045302.1 Thailand EV-A71 B5 
KX372327.1 Thailand EV-A71 B5 
KX372330.1 Thailand EV-A71 B5 
KX372329.1 Thailand EV-A71 B5 
KX430824.1 Vietnam EV-A71 B5 
MH716280.1 Vietnam EV-A71 B5 
MH716279.1 Vietnam EV-A71 B5 
MH716258.1 Vietnam EV-A71 B5 
MH716283.1 Vietnam EV-A71 B5 
MH716281.1 Vietnam EV-A71 B5 
MH716282.1 Vietnam EV-A71 B5 
MH716267.1 Vietnam EV-A71 B5 
MH716272.1 Vietnam EV-A71 B5 
MH716273.1 Vietnam EV-A71 B5 
MH716259.1 Vietnam EV-A71 B5 
MH716264.1 Vietnam EV-A71 B5 
MH716292.1 Vietnam EV-A71 B5 
MH716293.1 Vietnam EV-A71 B5 
MH716287.1 Vietnam EV-A71 B5 
MH716289.1 Vietnam EV-A71 B5 
MH716285.1 Vietnam EV-A71 B5 
MH716284.1 Vietnam EV-A71 B5 
MH716277.1 Vietnam EV-A71 B5 
MH716276.1 Vietnam EV-A71 B5 
MH716275.1 Vietnam EV-A71 B5 
MH716306.1 Vietnam EV-A71 B5 
MH716305.1 Vietnam EV-A71 B5 
MH716304.1 Vietnam EV-A71 B5 
MH716303.1 Vietnam EV-A71 B5 
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Accession no. Country Virus 
MH716302.1 Vietnam EV-A71 B5 
MH716379.1 Vietnam EV-A71 B5 
MH716260.1 Vietnam EV-A71 B5 
MH716295.1 Vietnam EV-A71 B5 
MH716294.1 Vietnam EV-A71 B5 
MH716297.1 Vietnam EV-A71 B5 
MH716296.1 Vietnam EV-A71 B5 
KJ686270.1 Vietnam EV-A71 B5 
KJ686211.1 Vietnam EV-A71 B5 
KJ686264.1 Vietnam EV-A71 B5 
KJ686222.1 Vietnam EV-A71 B5 
MH716372.1 Vietnam EV-A71 B5 
MH716261.1 Vietnam EV-A71 B5 
MH716369.1 Vietnam EV-A71 B5 
MH716374.1 Vietnam EV-A71 B5 
MH716309.1 Vietnam EV-A71 B5 
MH716317.1 Vietnam EV-A71 B5 
MH716316.1 Vietnam EV-A71 B5 
MH716314.1 Vietnam EV-A71 B5 
MH716315.1 Vietnam EV-A71 B5 
MH716318.1 Vietnam EV-A71 B5 
MH716313.1 Vietnam EV-A71 B5 
MH716312.1 Vietnam EV-A71 B5 
MH716301.1 Vietnam EV-A71 B5 
MH716308.1 Vietnam EV-A71 B5 
MH716320.1 Vietnam EV-A71 B5 
MH716368.1 Vietnam EV-A71 B5 
MH716307.1 Vietnam EV-A71 B5 
MH716370.1 Vietnam EV-A71 B5 
MH716378.1 Vietnam EV-A71 B5 
MH716377.1 Vietnam EV-A71 B5 
MH716376.1 Vietnam EV-A71 B5 
MH716373.1 Vietnam EV-A71 B5 
MH716371.1 Vietnam EV-A71 B5 
MH716332.1 Vietnam EV-A71 B5 
MH716333.1 Vietnam EV-A71 B5 
MH716334.1 Vietnam EV-A71 B5 
MH716329.1 Vietnam EV-A71 B5 
MH716327.1 Vietnam EV-A71 B5 
MH716324.1 Vietnam EV-A71 B5 
MH716328.1 Vietnam EV-A71 B5 
MH716326.1 Vietnam EV-A71 B5 
MH716325.1 Vietnam EV-A71 B5 
MH716331.1 Vietnam EV-A71 B5 
MH716330.1 Vietnam EV-A71 B5 
MH716335.1 Vietnam EV-A71 B5 
KJ686297.1 Vietnam EV-A71 B5 
KJ686234.1 Vietnam EV-A71 B5 
MH716323.1 Vietnam EV-A71 B5 
MH716344.1 Vietnam EV-A71 B5 
MH716342.1 Vietnam EV-A71 B5 
KJ686140.1 Vietnam EV-A71 B5 
KP308454.1 Cambodia EV-A71 B5 
KJ686302.1 Vietnam EV-A71 B5 
KJ686277.1 Vietnam EV-A71 B5 
KJ686296.1 Vietnam EV-A71 B5 
KJ686128.1 Vietnam EV-A71 B5 
MH716345.1 Vietnam EV-A71 B5 
KJ686192.1 Vietnam EV-A71 B5 
MH716338.1 Vietnam EV-A71 B5 
MH716322.1 Vietnam EV-A71 B5 
MH716321.1 Vietnam EV-A71 B5 
MH716346.1 Vietnam EV-A71 B5 
MH716337.1 Vietnam EV-A71 B5 
MH716336.1 Vietnam EV-A71 B5 
LC627081.1 Vietnam EV-A71 B5 
LC627079.1 Vietnam EV-A71 B5 
MH716298.1 Vietnam EV-A71 B5 
MH716300.1 Vietnam EV-A71 B5 
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Accession no. Country Virus 
MH716299.1 Vietnam EV-A71 B5 
MH716310.1 Vietnam EV-A71 B5 
MH716311.1 Vietnam EV-A71 B5 
MH716340.1 Vietnam EV-A71 B5 
MH716339.1 Vietnam EV-A71 B5 
MH716341.1 Vietnam EV-A71 B5 
MH716367.1 Vietnam EV-A71 B5 
MH716262.1 Vietnam EV-A71 B5 
MH716319.1 Vietnam EV-A71 B5 
MH716375.1 Vietnam EV-A71 B5 
LC627083.1 Vietnam EV-A71 B5 
LC627082.1 Vietnam EV-A71 B5 
LC627078.1 Vietnam EV-A71 B5 
LC627068.1 Vietnam EV-A71 B5 
MH716263.1 Vietnam EV-A71 B5 
MH716360.1 Vietnam EV-A71 B5 
MH716363.1 Vietnam EV-A71 B5 
MH716362.1 Vietnam EV-A71 B5 
MH716361.1 Vietnam EV-A71 B5 
MH716364.1 Vietnam EV-A71 B5 
MH716354.1 Vietnam EV-A71 B5 
MH716356.1 Vietnam EV-A71 B5 
MH716355.1 Vietnam EV-A71 B5 
MH716358.1 Vietnam EV-A71 B5 
MH716357.1 Vietnam EV-A71 B5 
MH716353.1 Vietnam EV-A71 B5 
MH716351.1 Vietnam EV-A71 B5 
MH716350.1 Vietnam EV-A71 B5 
MH716349.1 Vietnam EV-A71 B5 
MH716352.1 Vietnam EV-A71 B5 
MH716348.1 Vietnam EV-A71 B5 
MH716347.1 Vietnam EV-A71 B5 
MH716365.1 Vietnam EV-A71 B5 
MK344771.1 China EV-A71 B5 
LC627084.1 Vietnam EV-A71 B5 
MN966512.1 China EV-A71 B5 
LC627067.1 Vietnam EV-A71 B5 
LC627075.1 Vietnam EV-A71 B5 
LC627076.1 Vietnam EV-A71 B5 
LC627071.1 Vietnam EV-A71 B5 
LC627077.1 Vietnam EV-A71 B5 
LC627073.1 Vietnam EV-A71 B5 
LC627074.1 Vietnam EV-A71 B5 
LC627072.1 Vietnam EV-A71 B5 
LC627080.1 Vietnam EV-A71 B5 
MH716359.1 Vietnam EV-A71 B5 
KU647000.1 China EV-A71 B5 
KX372321.1 Thailand EV-A71 B5 
KX372320.1 Thailand EV-A71 B5 
LC375766.1 Japan EV-A71 B5 
FJ357378.1 Taiwan EV-A71 B5 
MN053435.1 Malaysia EV-A71 B5 
MN053432.1 Malaysia EV-A71 B5 
MN053433.1 Malaysia EV-A71 B5 
MN053431.1 Malaysia EV-A71 B5 
MN053430.1 Malaysia EV-A71 B5 
MN966518.1 China EV-A71 B5 
MN966517.1 China EV-A71 B5 
MN966516.1 China EV-A71 B5 
MN966515.1 China EV-A71 B5 
MN966514.1 China EV-A71 B5 
MN966513.1 China EV-A71 B5 
KY952186.1 Thailand EV-A71 B5 
KX372312.1 Thailand EV-A71 B5 
KX372313.1 Thailand EV-A71 B5 
KU574619.1 Thailand EV-A71 B5 
KP308430.1 Cambodia EV-A71 B5 
KP308448.1 Cambodia EV-A71 B5 
KX372311.1 Thailand EV-A71 B5 
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Accession no. Country Virus 
KX372310.1 Thailand EV-A71 B5 
JF738001.1 Thailand EV-A71 B5 
KX372317.1 Thailand EV-A71 B5 
KX372318.1 Thailand EV-A71 B5 
KR045296.1 Thailand EV-A71 B5 
KX372319.1 Thailand EV-A71 B5 
KR045304.1 Thailand EV-A71 B5 
KR045291.1 Thailand EV-A71 B5 
KR045293.1 Thailand EV-A71 B5 
KR045294.1 Thailand EV-A71 B5 
KR045295.1 Thailand EV-A71 B5 
KR045297.1 Thailand EV-A71 B5 
LC321989.1 Japan EV-A71 B5 
LC321993.1 Japan EV-A71 B5 
LC321992.1 Japan EV-A71 B5 
MH716380.1 Vietnam EV-A71 B5 
KX372322.1 Thailand EV-A71 B5 
KU888089.1 Vietnam EV-A71 C1 
KU888092.1 Vietnam EV-A71 C1 
JQ766160.1 China EV-A71 C1 
HQ285092.1 Singapore EV-A71 C1 
HQ676174.1 Finland EV-A71 C1 
HQ285091.1 Singapore EV-A71 C1 
KJ407272.1 Peru EV-A71 C1 
KJ407271.1 Peru EV-A71 C1 
JQ766161.1 China EV-A71 C1 
OP672344.1 Netherlands EV-A71 C1 
OP672343.1 Netherlands EV-A71 C1 
OP672363.1 Netherlands EV-A71 C1 
OP672349.1 Netherlands EV-A71 C1 
OP672346.1 Netherlands EV-A71 C1 
OP672351.1 Netherlands EV-A71 C1 
OP672348.1 Netherlands EV-A71 C1 
OP672362.1 Netherlands EV-A71 C1 
OP672350.1 Netherlands EV-A71 C1 
OP672361.1 Netherlands EV-A71 C1 
OP672358.1 Netherlands EV-A71 C1 
OP672353.1 Netherlands EV-A71 C1 
OP672354.1 Netherlands EV-A71 C1 
OP672347.1 Netherlands EV-A71 C1 
OP672352.1 Netherlands EV-A71 C1 
KU641489.1 Germany EV-A71 C1 
KU641488.1 Germany EV-A71 C1 
KU641487.1 Germany EV-A71 C1 
KF906434.1 India EV-A71 C1 
MK652139.1 USA EV-A71 C1 
KF906433.1 India EV-A71 C1 
KF906432.1 India EV-A71 C1 
KF906428.1 India EV-A71 C1 
KF906427.1 India EV-A71 C1 
KF906431.1 India EV-A71 C1 
KF906430.1 India EV-A71 C1 
KF906429.1 India EV-A71 C1 
MT641405.1 United Kingdom EV-A71 C1 
MG367608.1 Denmark EV-A71 C1 
MF770700.1 France EV-A71 C1 
MG367607.1 Denmark EV-A71 C1 
MG367604.1 Denmark EV-A71 C1 
MF770660.1 France EV-A71 C1 
MK111397.1 Cyprus EV-A71 C1 
MK111396.1 Cyprus EV-A71 C1 
KY865899.1 Netherlands EV-A71 C1 
MW731999.1 Germany EV-A71 C1 
MG367605.1 Denmark EV-A71 C1 
MG604318.1 Greece EV-A71 C1 
MG604317.1 Greece EV-A71 C1 
KY796193.1 India EV-A71 C1 
MG367600.1 Denmark EV-A71 C1 
LR027539.1 France EV-A71 C1 
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Accession no. Country Virus 
KX139462.1 Germany EV-A71 C1 
KU641502.1 Germany EV-A71 C1 
KU641495.1 Germany EV-A71 C1 
KU641503.1 Germany EV-A71 C1 
KU641507.1 Germany EV-A71 C1 
KU641504.1 Germany EV-A71 C1 
MG367596.1 Denmark EV-A71 C1 
MG367599.1 Denmark EV-A71 C1 
KU641494.1 Germany EV-A71 C1 
KU641493.1 Germany EV-A71 C1 
MH472687.1 Germany EV-A71 C1 
KU641505.1 Germany EV-A71 C1 
MH472686.1 Germany EV-A71 C1 
KU641497.1 Germany EV-A71 C1 
MH472702.1 Germany EV-A71 C1 
KU641496.1 Germany EV-A71 C1 
KU641492.1 Germany EV-A71 C1 
MH472707.1 Germany EV-A71 C1 
MH472705.1 Germany EV-A71 C1 
KU641498.1 Germany EV-A71 C1 
MG367598.1 Denmark EV-A71 C1 
KU641490.1 Germany EV-A71 C1 
MH472709.1 Germany EV-A71 C1 
MH472690.1 Germany EV-A71 C1 
MH472708.1 Germany EV-A71 C1 
MH472701.1 Germany EV-A71 C1 
MH472688.1 Germany EV-A71 C1 
MH472717.1 Germany EV-A71 C1 
KU641508.1 Germany EV-A71 C1 
MH472703.1 Germany EV-A71 C1 
MH472673.1 Germany EV-A71 C1 
MH472689.1 Germany EV-A71 C1 
MH472672.1 Germany EV-A71 C1 
MH472671.1 Germany EV-A71 C1 
MH472670.1 Germany EV-A71 C1 
MH410286.1 Poland EV-A71 C1 
KY991470.1 Poland EV-A71 C1 
MH472722.1 Germany EV-A71 C1 
MH472720.1 Germany EV-A71 C1 
MH472706.1 Germany EV-A71 C1 
LR027546.1 France EV-A71 C1 
LR027524.1 France EV-A71 C1 
MN397864.1 Germany EV-A71 C1 
MN397862.1 Germany EV-A71 C1 
MH472716.1 Germany EV-A71 C1 
MH472725.1 Germany EV-A71 C1 
LR027528.1 France EV-A71 C1 
KU641501.1 Germany EV-A71 C1 
LR027527.1 France EV-A71 C1 
MH472726.1 Germany EV-A71 C1 
MH472719.1 Germany EV-A71 C1 
MH472718.1 Germany EV-A71 C1 
MN397873.1 Germany EV-A71 C1 
MN397885.1 Germany EV-A71 C1 
MN397853.1 Germany EV-A71 C1 
MN397877.1 Germany EV-A71 C1 
MT081373.1 USA EV-A71 C1 
MT081374.1 USA EV-A71 C1 
MK800119.1 USA EV-A71 C1 
MW354746.1 Thailand EV-A71 C1 
MW354745.1 Thailand EV-A71 C1 
MW354744.1 Thailand EV-A71 C1 
MW354743.1 Thailand EV-A71 C1 
MW354742.1 Thailand EV-A71 C1 
MW354741.1 Thailand EV-A71 C1 
MW354740.1 Thailand EV-A71 C1 
MW354739.1 Thailand EV-A71 C1 
MN397905.1 Germany EV-A71 C1 
MN397887.1 Germany EV-A71 C1 
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MN397889.1 Germany EV-A71 C1 
MN397867.1 Germany EV-A71 C1 
MN397897.1 Germany EV-A71 C1 
MH410289.1 Poland EV-A71 C1 
MH410288.1 Poland EV-A71 C1 
MW354738.1 Thailand EV-A71 C1 
MN397890.1 Germany EV-A71 C1 
MW132449.1 Russia EV-A71 C1 
MN397879.1 Germany EV-A71 C1 
KY888026.1 USA EV-A71 C1 
MT747898.1 Taiwan EV-A71 C1 
MT747896.1 Taiwan EV-A71 C1 
MT747894.1 Taiwan EV-A71 C1 
MT747897.1 Taiwan EV-A71 C1 
MT747892.1 Taiwan EV-A71 C1 
MT747895.1 Taiwan EV-A71 C1 
MT747891.1 Taiwan EV-A71 C1 
MH256663.1 Switzerland EV-A71 C1 
MH256662.1 Switzerland EV-A71 C1 
MW132453.1 Russia EV-A71 C1 
MW132443.1 Russia EV-A71 C1 
MW132452.1 Russia EV-A71 C1 
MW132447.1 Russia EV-A71 C1 
MW132445.1 Russia EV-A71 C1 
MW132444.1 Russia EV-A71 C1 
MW132442.1 Russia EV-A71 C1 
MW132448.1 Russia EV-A71 C1 
MW132451.1 Russia EV-A71 C1 
MN397902.1 Germany EV-A71 C1 
MN397901.1 Germany EV-A71 C1 
MN397893.1 Germany EV-A71 C1 
MW132446.1 Russia EV-A71 C1 
MN397898.1 Germany EV-A71 C1 
LR027525.1 France EV-A71 C1 
MH472728.1 Germany EV-A71 C1 
MH472727.1 Germany EV-A71 C1 
MN397839.1 Germany EV-A71 C1 
MW132450.1 Russia EV-A71 C1 
MN397856.1 Germany EV-A71 C1 
MH472729.1 Germany EV-A71 C1 
LR027533.1 France EV-A71 C1 
MG367595.1 Denmark EV-A71 C1 
MG367597.1 Denmark EV-A71 C1 
MH256664.1 Switzerland EV-A71 C1 
MG367609.1 Denmark EV-A71 C1 
MF770701.1 France EV-A71 C1 
MF770698.1 France EV-A71 C1 
MF770671.1 France EV-A71 C1 
MF770668.1 France EV-A71 C1 
MF770688.1 France EV-A71 C1 
MF770665.1 France EV-A71 C1 
MF770663.1 France EV-A71 C1 
MF770669.1 France EV-A71 C1 
MF770682.1 France EV-A71 C1 
MF770662.1 France EV-A71 C1 
MF770695.1 France EV-A71 C1 
MF770696.1 France EV-A71 C1 
MG604327.1 Greece EV-A71 C1 
MG604325.1 Greece EV-A71 C1 
MG604326.1 Greece EV-A71 C1 
MG604324.1 Greece EV-A71 C1 
MG604321.1 Greece EV-A71 C1 
MG604320.1 Greece EV-A71 C1 
MW196699.1 Argentina EV-A71 C1 
MW732001.1 Germany EV-A71 C1 
MW732000.1 Germany EV-A71 C1 
MK836181.1 USA EV-A71 C1 
MK836180.1 USA EV-A71 C1 
MK836130.1 USA EV-A71 C1 
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MK836127.1 USA EV-A71 C1 
MK836112.1 USA EV-A71 C1 
MK836179.1 USA EV-A71 C1 
MK836170.1 USA EV-A71 C1 
MK836116.1 USA EV-A71 C1 
MK836123.1 USA EV-A71 C1 
MK836177.1 USA EV-A71 C1 
MK836163.1 USA EV-A71 C1 
MK836173.1 USA EV-A71 C1 
MK836164.1 USA EV-A71 C1 
OP762480.1 Russia EV-A71 C1 
MN397906.1 Germany EV-A71 C1 
MN397872.1 Germany EV-A71 C1 
MN397861.1 Germany EV-A71 C1 
MN397871.1 Germany EV-A71 C1 
OK605915.1 Brazil EV-A71 C1 
MK111399.1 Cyprus EV-A71 C1 
MK111401.1 Cyprus EV-A71 C1 
MK111400.1 Cyprus EV-A71 C1 
MK111404.1 Cyprus EV-A71 C1 
MK111403.1 Cyprus EV-A71 C1 
MK111402.1 Cyprus EV-A71 C1 
JQ315093.1 China EV-A71 C4 
MH395138.1 Spain EV-A71 C1 
MH395119.1 Spain EV-A71 C1 
MH394930.1 Spain EV-A71 C1 
MH395031.1 Spain EV-A71 C1 
MH395130.1 Spain EV-A71 C1 

 
 
 
Appendix Table 2. Genbank accession numbers and results for whole-genome sequencing of enterovirus A71 from Vietnam 
Accession no.* PCR cycle thresholds Provinces/cities Genome coverage (%) 
OR766760 23.2 Ho Chi Minh City 99.8 
OR766762 28.67 Binh Duong 98.9 
OR766765 28.05 Tien Giang 99.7 
OR766764 30.1 Binh Duong 99.1 
OR766761 26.91 Ho Chi Minh City 99 
OR766766 30 Tay Ninh 99.5 
OR766763 26.8 Ho Chi Minh City 100 
OR766768 25.77 Ho Chi Minh City  99 
OR766770 27.86 Ho Chi Minh City  96.1 
OR766769 29.6 Long An 98.5 
OR766771 29.92 Ho Chi Minh City 96.9 
OR766774 29.5 Dong Nai 95.9 
OR791508 21.95 Hau Giang 98.9 
OR791509 27.94 Dong Thap 96.9 
OR791510 26.6 An Giang 98.2 
OR822244 25.99 Ca Mau 86.3 
*Genbank accession numbers for viral protein 1 gene sequences were OR766705–12, OR766716–8, OR766720–31, OR766732–8, and OR766740–
58.  
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Appendix Table 3. Mean interlineage and intralineage sequence similarities for enterovirus A71 subgenogroup B5* 
Lineage† I II III IV V VI VII VIII IX X 
I 99.18 NA NA NA NA NA NA NA NA NA 
II 95.58 98.82 NA NA NA NA NA NA NA NA 
III 96.05 96.01 97.53 NA NA NA NA NA NA NA 
IV 95.84 95.72 96.63 97.68 NA NA NA NA NA NA 
V 96.68 95.99 96.91 96.76 99.66 NA NA NA NA NA 
VI 95.53 95.19 95.80 95.36 96.40 98.81 NA NA NA NA 
VII 94.70 93.91 94.84 94.49 95.42 96.32 98.92 NA NA NA 
VIII 92.93 92.60 92.97 93.27 94.09 94.32 93.73 99.70 NA NA 
IX 92.28 92.09 92.28 92.51 93.15 93.51 92.78 97.03 99.62 NA 
X 93.82 93.70 94.23 94.19 94.89 95.61 95.55 94.84 93.84 97.54 
*Numbers in bold font indicate intralineage sequence similarities. Interlineage sequences similarities were 92.09%–97.03%; intralineage sequence 
similarities were 97.53%–99.70%. NA, not applicable. 
†Lineage placements within phylogenetic tree are shown in Figure 2 (main text) and Appendix Figure 6.  

 
 

 

Appendix Figure 1. Flowchart showing the laboratory workflow used to diagnose enteroviruse and 

enterovirus A71 infections causing hand, foot, and mouth disease in Vietnam, 2023.  
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Appendix Figure 2. Map showing the geographic distribution of 101 patients who were enrolled in the 

clinical study of emerging enterovirus A71 subgenogroup B5 causing severe hand, foot, and mouth 

disease, Vietnam, 2023. Colored regions in the map indicate the number of patients from that region. Pie 

chart indicates the percentage of patients within each region. 
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Appendix Figure 3. Clinical grade and progression of hand, foot, and mouth disease in patients from a 

2023 outbreak in Vietnam. A) Trajectory of 63 of 101 hospitalized study participants who progressed from 

a lower to higher clinical severity grade of hand, foot, and mouth disease since admission. Clinical grades 

of hand, foot, and mouth disease have been previously defined (3, main text). B) Number of patients who 

progressed to higher clinical severity within 7 days after hospital admission (total number was 63). 

Numbers within bars indicate the number of patients who progressed at each time point.  

 

Appendix Figure 4. Boxplots showing the differences in ages among patient groups in study of emerging 

enterovirus A71 subgenogroup B5 causing severe hand, foot, and mouth disease, Vietnam, 2023. A) 

Comparison of ages for patients who had EV-A71 detected during 2023 vs. EV-A71 detected during 
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2013–2018. Median months of age (interquartile range) were 27 (21–36) for EV-A71 during 2023 and 21 

(15–31) for EV-A71 detected during 2013–2018; p value is shown at the top of the graph. B) Comparison 

of ages for patients who were infected with different EV-A71 subgenogroups. Median months of age 

(interquartile range) were 28 (21–36) for EV-A71 B5 detected during 2023 (28:), 18 (13–30) for EV-A71 

B5 detected during 2013–2018, and 22 (17–33) for EV-A71 C4 detected during 2013–2018; p values for 

each comparison are shown at the top. Wilcoxon rank-sum tests with continuity correction were applied 

for analyses of patient ages among groups. EV-A71, enterovirus A71. 

 

Appendix Figure 5. Phylogenetic analysis of complete coding sequences of emerging enterovirus A71 

subgenogroup B5 causing severe hand, foot, and mouth disease, Vietnam, 2023. Tree was constructed 

by using the maximum-likelihood method to show genetic relatedness among the EVA-71 subgenogroup 

B5 obtained in this study compared with global sequences from GenBank. Colored lines in the tree 

indicate the country of origin for each sequence. Scale bar indicates nucleotide substitutions per site. 
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Appendix Figure 6. Screen shot of enterovirus viral protein 1 sequence showing a glycine (GGC) codon 

instead of serine (AGC) in study of emerging enterovirus A71 subgenogroup B5 causing severe hand, 

foot, and mouth disease, Vietnam, 2023. Blue shading indicates the position of the nucleotide change. 

Colored sequence at the top is the consensus sequence.S17G substitution was found in the N-terminus 

of the viral protein 1 protein in 15 of 16 B5 sequences from the 2023 outbreak in Vietnam.  
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Appendix Figure 7. Phylogenetic analysis of viral protein 1 gene sequences from enterovirus A71 

subgenogroup C1 identified in study of severe hand, foot, and mouth disease, Vietnam, 2023. Tree was 

constructed by using the maximum-likelihood method to show genetic relatedness among EV-A71 

subgenogroup C1 sequences obtained in this study and global sequences obtained from GenBank. 

Colored lines indicate the country of origin for each sequence. Scale bar indicates nucleotide 

substitutions per site. 


