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Comparisons of virus infection among different sites and/or age groups

We examined whether number of patients testing positive for the most common viruses (RSV,
IAV, HRV and HBoV) varied among sites in terms of trends of seasonality (Figure S2). We
used a negative binomial generalised linear model with number of patients testing positive as
the response variable and a three-way interaction between site, season and virus type with
associated main effects as explanatory variables. We found the three-way interaction to be
significant (Likelihood Ratio Test: X%35 = 54.7, p = 0.018, n = 435) which shows that trends in
different viral infections varied across seasons in different sites. For example, in comparison
with patients in BaVi/Hanoi in autumn, fewer patients tested positive for HBoV relative to
other viruses in other seasons and sites. We repeated with analysis to examine whether number
of patients with coinfections varies among seasons and whether seasonal patterns are similar
among regions, using a negative binomial distributed GLM including an interaction between
season and hospital site. We found the interaction to be significant (Likelihood Ratio Test: X?»
=54.6, p<0.001, n = 435) suggesting that numbers of patients with coinfections had a seasonal
pattern but this pattern varied among hospital sites. These differences in trends may be driven
by climate and geography of different sites of Vietnam, or differences in seasonal viral

outbreaks across the country.

Similarly, we found the rate of coinfections varied among age groups and hospital sites
(Likelihood ratio test: X211 = 21.2, p = 0.03, n = 68) (Figure S3). Patients within age group 1-
5 had a higher number of coinfections than the other groups, and this number was higher in

Dong Thap than the other sites.

In addition, we tested whether disease severity (Los) varied among age groups and sites in three
aspects. Firstly, in the comparison made between single infections and coinfection, we found
no significant interaction between hospital site and coinfection in regard to length of time spent
in hospital (Likelihood Ratio Test: X?4 = 5.6, p = 0.23, n = 2758) while there was significant
interaction among age and coinfection (Likelihood Ratio Test: X?; = 5.3, p = 0.02, n = 2758).
Specifically, the length of time spent in hospital for patients with single infections increased
faster with age than those with coinfections. Secondly, in the comparison made between virus
infection and no virus infection, we found that Los of patients who had no identified virus
varied significantly among sites. For example, patients in Dong Thap with no identified virus

spent longer in hospital than those admitted to other sites. Finally, when comparing the



infections of different viruses, we found that for patients infected with different viruses, Los
were varied among sites and as patient age increased, Los also increased, although this trend

varied depending on type of virus patient was infected with.

Phylogenetic analysis of respiratory virus genomes from ARI patients in

Vietham

Anellovirus
Five full genomes belonging to Anelloviriae were retrieved in metagenomic sequencing and

phylogenetic analysis were further applied (Table S7 and Figure S6). Four of them (vzttmvl to
vzttmv4) are potentially new species belonging to the genus Betatorquevirus (Torque teno mini
virus, TTMV) and one genome (vzttmv5) is an unclassified Anellovirus according to the
definition used by the ICTV, i.e. 35% ORF1 gene divergence being the species demarcation
and 56% being the genus demarcation [1]. Specifically, vzttmvl1 is divergent from any known
TTMV species (TTMV 1-12), with ORF1 nucleotide sequence divergence >=51.4%. It is most
closely related to strain JX134044 (with 32.6% nt divergence), which is also an unclassified
TTMYV species isolated from a child hospitalised for severe pneumonia in France [2]. Virus
vzttmv2 has 37.8% nt divergence from the most closely related reference sequence of species
TTMV-1; vzttmv3 has 63.1% nt divergence to species TTMV-12; and vzttmv4 has 41.7% nt
divergence to species TTMV -5. Vzttmv5 (Genbank no.MK212032) is divergent from any
current recognized Anellovirus genus, with ORF1 nucleotide sequence divergence >=56.6%.
It has a maximum amino acid sequence identity of 39% with Gorilla anellovirus KT027940.1
(unclassified Anelloviridae). This novel anellovirus strain was 2919nt long, encoding two

putative open reading frames (665aa ORF1 and 111aa ORF2) (Figure S6 B) .

Human parainfluenza virus (HPIV)

We obtained 18 HPIV (5 HPIV 1, 3 HPIV 2, 8 HPIV3 and 2 HPIV 4) genomes and compared
the molecular epidemiology of HPIV 1 to 4 (Figure S9A-D). The majority of the Vietnamese
HPIV genomes were isolated from children <5 years, except for one HPIV 1 from a 76-year-
old patient. For HPIV 1, the Vietnamese isolates were separated into two subgroups; two
sequences (isolated in 2014) in one subclade were closely related to previously reported
sequences isolated from HCMC during 2009-2010 [3]; while three sequences (isolated in 2014-
2015) fell into other subclades with strains found in the US at the same time period, For HPIV



2, two sequences grouped together with previously isolated HPIV 2 in Vietnam in one clade
while the other one sequence fell into a distinct clade; Eight HPIV 3 genomes isolated in this
study were separated into 3 different subgroups: one subgroup fell into the lineage composed
of current circulated strains from Europe; the other two subgroups were close related to
reference sequences main from Vietnam (HCMC) and China. For HPIV 4, one genome belong
to HPIV 4a and grouped with previously isolated HPIV 4 in Vietnam while the other fell into
4b lineage. The discrete trait analysis also suggested both local persistence and cross-country
spread of HPIVs (Table S8): e.g., strong support for multiple transmissions were found from
other Asian countries (China and Japan) into Vietnam for HPIV 3 and HPIV 4; One subgroup
of HPIV 1 strains may come from the USA; while there was weakly supported transmission

of HPIV 2 from Japan to Vietnam.

Human adenovirus (HAdV)

Multiple genotypes of HAdVs (n=9) were isolated from 1-5 year old children in southern
Vietnam (Table S7). Two genomes isolated between 2013 and 2014 belonged to separate types
within Adv-B (Adv-B3 and Adv-B7) (Figure S11A). Seven genomes isolated between 2014 to
2015 belonged to Adv-C: five of which clustered in Adv-C1 with high identity (97.6-99.9% nt
identity); the other 2 Adv-C sequences fell into clades of Adv-C2 and Adv-C5, respectively
(Figure S11 B).

Human metapneumovirus (HMPV)

There were 17 (2.6%) HMPV-positive samples in Dong Thap and 5 whole genomes were
resolved from 1-5 year old children. Two closely related HMPV genotype A genomes were
identified (both isolated in Oct 2013), which were similar to a strain KM361520 isolated in
Thailand in Jul 2013 with 99.1-99.2% nt identity; three HMPV genotype B (isolated in Aug
2014- Dec 2014) were separated into two subgroups, with vzhmpvbl1 closely related to isolates
in US in 2015 while vzhmpvb2 and vzhmpv3 were grouped together and were distant from the

other sequences in the same subgroups (Figure S12).

Enterovirus (EV)

Two EV- B genomes were isolated from young children (1 year and 2 year old) in April 2014
and May 2015 respectively. They fell into the clusters of two different serotypes: one belonging
to serotype E11 and the other to serotype E3 (Figure S13).



Coronavirus (CoV)

We obtained 4 full genomes of CoV from respiratory samples. Two of them belonged
to Human coronavirus NL63 (vzcorona-al isolated from a 65-year-old patient in Aug 2014
and vzcorona-a2 isolated from an infant in Aug 2015), they fell into two separate subgroups;
Vzcorona-a3 belongs to Human coronavirus 229E which was isolated from 1-year-old child in
Oct 2013 in Vietnam (Figure S14). We also obtained a single Human coronavirus OC43
genome from a 1-year-old child in April 2015. The full genome ML tree showed that the
coronaviruses were closely related to strains isolated in China and the USA in the same period

of time (Figure S14).

Measles morbillivirus (MeV)

We found 3 MeV genomes in ARI patients, together with 2 more MeV genomes isolated from
enteric patients in the same hospital site under the same suvelliance study [4]. These sample
were negative for the 14 respiratory viruses in RT-PCR panel. These highly similar genomes
(99.7-99.8% nt identity) were isolated from children age 0-1 during May to August in 2014 in
Dong Thap. These sequences belonged to genotype D8, which was the dominant genotype for
the outbreak in 2014 in HCMC [5]. The MeVs identified in Dong Thap and HCMC had the
same unique amino acid pattern in 3 different sites (R442, S451 and G452) in the N protein as
isolates. In addition, the genomes in Dong Thap were highly similar to (with 99.8% nt identity)
a strain isolated in 2013 epidemic in Germany [6] (Figure S15), indicating same virus of D8

genotype may dominant in southern Vietnam and wide spread world-wide during 2013-2014.

Influenza C virus (ICV)

The only genome of ICV isolated in this study was from a 2-year-old patient. This sample was
negative for the 14 respiratory viruses in RT-PCR panel. Phylogenetic trees of eight gene
segments showed the Vietnamese strain found in study belongs to one Kanagawa/76 antigenic
group [7], with sequences isolated mainly from East Asia during the study period [8] (Figure
S16).

Human polyomavirus (HPyV)
We found 4 full-length polyomavirus genomes from 1-2-year-old children. Three of them were

co-infections with at least one of the common respiratory viruses, HBoV, RSV or HAdV



(Figure 3D). Phylogenetic analysis showed one genome belonged to species HPyV-3, the other
three grouped together fell into the cluster for species HPyV-4. For both species, the most
closely related reference genomes to our isolates are from hospitalized children at the same
time period in China. The HPyV-3 strain was closely related to a strain from a child
with gastroenteritis; while the HPyV-4 viruses were closely related to a strain isolated from

children with acute respiratory tract infection [9], with 99.8-99.9% nt identity (Figure S17).

Cardiovirus

The Cardiovirus genome obtained belonged to Saffold virus type 3 (SAFV-3). The 3-year-old
Vietnamese patient who infected was negative for the 14 respiratory viruses in RT-PCR (Table
S7). The closest related sequence (AB983594, with 96.4% nt identity over the whole genome)

was acquired from a patient with upper respiratory tract inflammation in 2008 in Japan [10].

Others
IBV, HPeV, Cytomegalovirus, Lymphocryptovirus, Herpes simplex virus, Picorbirnavirus and

Circovirus were represented only by partial contigs. We found that the IBV partial genomes
have the highest identity (98.3-98.4%) to a strain isolated from a 9-year-old in Japan in 2014
(B/Isahaya/131004/2014), which belongs to the Victoria lineage; and the HPeV contigs
belonged to HPeV type 1 and type 4, respectively. They were closely related to strains
circulated in adjacent Asian countries during the study period [11,12] with amino acid identity
93.3% and 99.4%. For Cytomegalovirus, all the cases all belong to Human betaherpesvirus 5
and have an aa identity 97.8-100% to known existing sequences in Genbank. Similarly, all
Lymphocryptovirus cases possessed 99.3-100% aa identity to known Human
gammaherpesvirus 4 and all Herpes simplex virus cases belong to Human alphaherpesvirus 1
with aa identity 98.7-99.5%. The contig belong to Circoviridae is related to an unclassified
Circovirus Human PoSCV5-like circular virus which isolated from upper respiratory sample
in China (only with 76.7% aa identity). Picorbirnavirus contig had 98% aa identity to novel
genome sequence isolated from a respiratory swab isolate in Cambodia[13]. In addition, we
identified one partial contig (553 nt) belonging to Circoviridae that is related to an unclassified
Circovirus Human PoSCV5-like circular virus which isolated from upper respiratory sample

in China, though with only 76.7% aa identity to its Cap protein [14].
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Supplementary Tables and Figures

Supplementary tables

Table S1 Abbreviations in this study

Full name Abbreviation
Human adenovirus HAdV
Human bocavirus HBoV
Coronavirus CoV
Enterovirus EV
Influenza A virus IAV
Swine-origin 2009 HIN1 Influenza A virus SwHIN1
H3N2 Influenza A virus H3N2
Influenza B virus IBV
Influenza C virus Icv
Human metapneumovirus HMPV
Human parainfluenza virus 1 HPIV 1
Human parainfluenza virus 2 HPIV 2
Human parainfluenza virus 3 HPIV 3
Human parainfluenza virus 4 HPIV 4
Human parechovirus HPeV
Human rhinovirus HRV
Respiratory syncytial virus RSV
Measles morbillivirus MeV
Human polyomavirus HPyV
Human parechovirus HPeV
Ho Chi Minh City HCMC
The length of stay in hospital LoS
Standard Deviation SD
Standard Error SE

Estimating time to the most recent common
ancestor

TMRCAs




Table S2 Hospitals, geographic and seasonal information for each site

Hospital

Hospitals Site Region Seasonality
Dong Thap dry and hot from November to April,
. warm and wet between May and
General Dong Thap Province South . . . .
. October with the highest rainfall in
Hospital
June to August.
Dak Lak
General Dak Lak Province
Hospital
dry and hot between January and
Central August; with high rainfall in September
to November.
Khanh Hoa
General Khanh Hoa Province
Hospital
Hue Central | Thua Thien Hue
Hospital Province
National
Hospital fi
oSpita 1ot hot and humid with high rainfall from
Tropical May to October; November to April i
Diseases Ha Noi/Ba Vi North ay toJctobet, November to Apritis
cooler and dry; December and January
(NHTD), Ba .
Ce can be cold in the far north.
Vi District




Table S3. Results of a negative binomial generalised linear model comparing age (in years) among patients

who tested positive for different pathogens using RT-PCR.

Variable' Coefficient Lower 95% Upper 95% LRX* df p-value
confidence confidence
level level
Pathogen: - - - 1119.7. 13 <0.001
HAdV -1.62 -1.81 -1.43 - - -
HBoV -1.48 -1.76 -1.18 - - -
CoV -1.14 -1.43 -0.84 - - -
EV -1.60 -1.81 -1.39 - - -
IBV -0.07 -0.31 0.18 - - -
HMPV -1.14 -1.36 -0.91 - - -
HPIV 1 -1.46 -1.81 -1.07 - - -
HPIV 2 -1.30 -1.81 -0.72 - - -
HPIV 3 -0.80 -1.04 -0.56 - - -
HPIV 4 -1.97 -2.52 -1.37 - - -
HPeV -2.11 -3.25 -0.78 - - -
HRV -1.17 -1.33 -1.01 - - -
RSV -1.94 -2.08 -1.81 - - -

'Values displayed for pathogen are given relative to patients with IAV. Results of a likelihood ratio

test comparing models including and excluding pathogen is displayed, as well as estimated
coefficients and their 95% confidence intervals. Total n = 3523.
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Table S4. Results of a normally-distributed generalised linear model comparing loge-transformed Los in
hospital (in days) for ARI in-patients who were tested positive for different pathogens using RT-PCR.

Variable Coefficient? Lower 95% Upper 95% LR X? df p-value
confidence level confidence level
Pathogen': - - - 44.4 13 <0.001
HAdV -0.12 -0.21 -0.03 - - -
HBoV 0.01 -0.15 0.13 - - -
CoV 0.03 -0.18 0.12 - - -
EV -0.12 -0.22 -0.01 - - -
1BV -0.05 -0.18 0.07 - - -
HMPV 0.12 0.003 0.23 - - -
HPIV 1 0.03 -0.15 0.20 - - -
HPIV 2 -0.27 -0.53 -0.002 - - -
HPIV 3 -0.04 -0.15 0.09 - - -
HPIV 4 -0.01 -0.27 0.25 - - -
HPeV -0.08 -0.61 0.44 - - -
HRV -0.001 -0.08 0.08 - - -
RSV 0.08 0.01 0.15 - - -

'Viruses’ full names are given in Table S1.

2 Results of a likelihood ratio test comparing models including and excluding pathogen are displayed, as well as
estimated coefficients and their 95% confidence intervals. Total n=3523, which represents the total number of
distinct infections because patients in this analysis may have more than one pathogen. Values displayed for each
pathogen are relative to values for [AV.
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Table S5 Number of specific virus co-detection combinations among ARI patients (as shown in

Figure 2).
HBo |HPe |[Co [HPIV [HPIV [HPIV |[HPIV [HMP [HR [HAd [E [RS [IB [lIA
\ \ v |4 3 2 1 \ \ \ v [v |v |V

HBoV

HPeV 3

CoV 13 3

HPIV R o o

4

HPIV 30 : R

3

HPIV 5 o 5 :

2

?PIV 8 0 5 0

HMPV 23 1] 23 8

HRV 61 8| 17 29 11

HAdV 51 41 15 18 20 [ 69

EV 16 1 1 10 6| 62 19

RSV 50 2] 19 10 10| st 48 | 30

IBV 6 0 1 1 0 1 41 2 4

IAV 29 3 6 9 8 8 20| 4| 14
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Table S6 Results of a linear mixed model (LMM) comparing log.-transformed Los in hospital (in
days) of patients single-infected with major viruses (RSV, IAV, HRV and HBoV) with patients
coinfected with other viral pathogens.

Variable! Coefficient SE t-value p-value

Relative to values for single infection in RSV-infected patients (Total n=980)

Age 0.01 0.006 2.81 0.005
Gender -0.05 0.03 -1.67 0.09
HAdV -0.03 0.07 -0.35 0.72
HBoV 0.09 0.07 1.26 0.21
CoV 0.18 0.11 1.61 0.11
EV 0.003 0.09 0.03 0.97
IAV 0.31 0.13 244 0.01
IBV -0.07 0.24 -0.32 0.75
HMPV 0.12 0.15 0.8 0.42
HPIV 1 -0.31 0.47 -0.67 0.51
HPIV 2 0.22 0.47 0.46 0.65
HPIV 3 0.23 0.15 1.49 0.14
HPIV 4 -0.29 0.2 -1.49 0.14
HPeV -0.43 0.33 -1.28 0.2
HRV -0.03 0.07 -0.48 0.63
Relative to values for single infection in IAV-infected patients (Total n=460)

Age 0.001 0.001 0.36 0.72
Gender -0.1 0.05 -1.78 0.08
HAdV 0.07 0.13 0.5 0.62
HBoV -0.04 0.12 -0.32 0.75
CoV 0.42 0.24 1.74 0.08
EV 0.08 0.3 0.25 0.8
HMPV -0.44 0.22 -2.02 0.04
HPIV 3 0.12 0.2 0.63 0.53
HPeV 0.55 0.34 1.59 0.11
HRV 0.34 0.22 1.57 0.12
RSV 0.34 0.16 2.09 0.04
Relative to values for single infection in HRV-infected patients (Total n=551)

Age -0.002 0.002 -0.93 0.35
Gender -0.01 0.05 -0.11 0.91
HAdV -0.07 0.07 -0.98 0.33
HBoV -0.04 0.07 -0.49 0.63
CoV -0.05 0.13 -0.36 0.72
EV -0.12 0.07 -1.59 0.11
IAV 0.32 0.19 1.65 0.1
HPIV 1 -0.27 0.19 -1.41 0.16
HPIV 3 0.005 0.1 0.05 0.96
HPIV 4 -0.14 0.25 -0.58 0.56
HPeV 0.42 0.19 2.16 0.03
RSV 0.1 0.08 1.18 0.04

Relative to values for single infection in HBoV-infected patients (Total n=331)



Age -0.02 0.02 -3.52 4.98E-04

Gender -0.05 0.06 -0.84 0.4

HAdV -0.1 0.09 -1.14 0.25
CoV -0.06 0.16 -0.4 0.69
EV -0.33 0.14 -2.3 0.02
IAV 0.02 0.11 0.18 0.85
IBV -0.06 0.22 -0.28 0.78
HMPV 0.07 0.12 0.57 0.57
HPIV 1 -0.3 0.2 -1.47 0.14
HPIV 2 -0.12 0.39 -0.31 0.76
HPIV 3 0.15 0.1 1.43 0.16
HPIV 4 -0.18 0.32 -0.56 0.58
HPeV -0.05 0.32 -0.15 0.88
HRV -0.01 0.08 -0.08 0.94
RSV 0.22 0.09 2.46 0.01

'Viruses’ full names are given in Table S1. Results of likelihood ratio tests comparing models including and
excluding pathogen (controlling for age, gender and site as random effect) are displayed, as well as estimated
coefficients and standard errors. For each pathogen, total n represents the total number of distinct coinfection
in patients infected with such pathogen; values displayed for each pathogen are relative to values for the
single-infection listed.

2 Exclude coinfections involving IBV, HPIV 1, 2 and 4 as there were 1 or 0 cases

3 Exclude coinfections involving IBV, HMPV and HPIV 2 as there were 1 or 0 cases
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Table S7 Genome sequences of respiratory viruses retrieved in this study.

Serotypes/g Los Date of
Species roups Acession.No. Strain.name | Age Gender | (D) Collection
HAdV B type 3 MH828478 vzhadvbl 1 M 7 12/15/13
HAdV B type 7 MH828479 vzhadvb?2 2 M 5 11/6/14
HAdV C type 1 MH828484 vzhadvcl-5 1 M 8 3/10/14
HAdV C type 2 MH828485 vzhadvc2 4 F 5 3/12/14
HAdV C type 1 MH828480 vzhadvel-1 2 M 2 3/12/14
HAdV C type 1 MH828481 vzhadvel-2 2 M 6 7/24/14
HAdV C type 1 MH828482 vzhadvcl-3 2 F 9 3/17/15
HAdV C type 1 MH828483 vzhadvcl-4 2 F 4 3/29/15
HAdV C type 5 MH828486 vzhadvc$ 3 M 5 417115
HBoV type 1 MHS828524 vzbovl 1 M 9 1/8/13
HBoV type 1 MH828525 vzbov2 2 F 6 2/18/14
HBoV type 1 MH828526 vzbov3 1 F 4 4/16/15
HBoV type 1 MH828527 vzbov4 2 M 6 4/16/13
HBoV type 1 MH828528 vzbov5s 1 F 7 12/12/13
HBoV type 1 MH828529 vzbové 2 M 7 4/10/14
HBoV type 1 MH828530 vzbov7 2 M 5 11/6/14
HCoV NL63 MH828487 vzcorona-al 65 M 21 8/26/14
HCoV NL63 MH828488 vzcorona-a2 0 M 1 8/18/15
HCoV 229E MH828489 vzcorona-a3 2 F 9 11/22/13
HCoV 0C43 MH828490 vzcorona-bl 1 F 3 41715
HRV B B04 MH828512 vzhrvbl 1 M 5 11/12/14
HRV B B70 MH828513 vzhrvb2 58 F 1 12/18/13
HRV B B86 MH828514 vzhrvb3 1 F 6 5/31/13
HRV A A82 MH828515 vzhrval 1 M 4 3/20/14
HRV A A80 MH828516 vzhrva2 2 F 5 1/28/15
HRV C Cll MH828521 vzhrves 1 M 5 4/9/13
HRV C C46 MH828519 vzhrvc3 4 F 4 4/25/13
HRV C C20 MH828517 vzhrvel 2 F 5 4/16/14
HRV C C36 MH828520 vzhrved 1 F 6 6/17/14
HRV C C46 MH828518 vzhrvc2 0 M 8 9/16/15
EVB E3 MH828522 vzechol 2 F 10 5/7/15
EVB Ell MH828523 vzecho2 1 M 4 4/16/14
MH828531- A/Vietnam/158
1AV HINI MH828538 2/2014 2 M 23 3/9/14
MH828539- A/Vietnam/154
1AV HINI MH828546 4/2014 31 F 6 2/17/14
MH828547- A/Vietnam/154
1AV HINI MH828554 2/2014 35 M 5 2/17/14
MH828555- A/Vietnam/112
1AV HINI MH828562 7/2013 1 M 7 6/13/13
MH828563- A/Vietnam/254
1AV HINI MH828570 8/2014 1 M 6 2/19/14
MH828571- A/Vietnam/149
1AV HINI MH828578 2/2014 2 F 8 2/25/14
MH828579- A/Vietnam/112
1AV HINI MH828586 3/2013 1 M 9 6/10/13
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MH828587- A/Vietnam/111
1AV HINI1 MH828594 8/2013 0 M 12 5/29/13
MH828595- A/Vietnam/105
1AV HINI1 MH828602 6/2014 19 F 6 2/28/14
MH828603- A/Vietnam/154
1AV HINI1 MH828610 5/2014 15 F 7 2/17/14
MHS828611- A/Vietnam/155
1AV H3N2 MH828618 6/2015 4 F 3 6/30/15
MHS828619- A/Vietnam/119
1AV H3N2 MH828626 4/2013 2 F 5 11/6/13
MH828627- A/Vietnam/113
1AV H3N2 MH828634 4/2013 1 M 5 7/10/13
MH828635- A/Vietnam/112
1AV H3N2 MH828642 2/2013 1 M 11 5/31/13
MH828643- A/Vietnam/326
1AV H3N2 MH828650 2/2014 3 F 6 2/18/14
MH828651- A/Vietnam/272/
1AV H3N2 MH828658 2013 1 M 6 8/25/13
MH828659- A/Vietnam/130
1AV H3N2 MH828666 9/2014 3 M 7 5/27/14
MH828667- A/Vietnam/131
IAV H3N2 MH828673 9/2014 2 M 5 6/12/14
MH828675- A/Vietnam/131
1AV H3N2 MH828682 5/2014 3 M 7 6/2/14
Kanagawa/76
antigenic MHZ828688 - C/Vietnam/01/2
ICV group MH828694 014 2 M 2 4/16/14
HPMV HMPV-A MH828684 vzhmpva?2 1 F 6 10/2/13
HPMV HMPV-A MH828683 vzhmpval 2 M 6 10/24/13
HPMV HMPV-B MH828687 vzhmpvb3 1 F 7 8/14/14
HPMV HMPV-B MH828685 vzhmpvbl1 3 F 4 11/27/14
HPMV HMPV-B MH828686 vzhmpvb2 1 M 15 12/18/14
HPIV 3 MH82869 vzhpiv31 1 M 5 12/17/14
HPIV 3 MH82870 vzhpiv32 1 M 7 1/10/14
HPIV 3 MH82871 vzhpiv33 2 M 5 2/7/14
HPIV 3 MH82872 vzhpiv34 1 M 5 1/23/14
HPIV 3 MH82873 vzhpiv35 1 F 4 1/15/15
HPIV 3 MH82874 vzhpiv36 1 M 13 6/17/15
HPIV 3 MH82875 vzhpiv37 3 F 5 3/13/15
HPIV 3 MH82876 vzhpiv38 2 M 7 12/22/14
HPIV 1 MH82877 vzhpivll 3 F 7 12/8/14
HPIV 1 MH82878 vzhpivl2 76 M 21 1/13/15
HPIV 1 MH82879 vzhpiv13 1 F 7 3/31/15
HPIV 1 MH82880 vzhpiv14 2 F 6 10/16/14
HPIV 1 MH82881 vzhpivl5 1 M 7 12/1/14
HPIV 4 4b MH82882 vzhpiv41 1 M 3 3/6/15
HPIV 4 4a MH82883 vzhpiv42 0 M 5 6/3/15
HPIV 2 MH82884 vzhpiv21 3 F 5 5/3/14
HPIV 2 MH82885 vzhpiv22 1 M 4 5/12/14
HPIV 2 MH82886 vzhpiv23 3 M 4 9/25/15
HPyV 3 MK049348 vzkil 1 F 4 4/16/15
HPyV 4 MK049349 vzwul 2 F 4 10/20/14
HPyV 4 MKO049350 vzwu2 2 M 5 11/6/14
HPyV 4 MK049351 vzwu3 2 F 4 3/29/15
RSVA/Vietnam
RSVA MH828491 /vzrsval/2013 0 M 8 12/10/13
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RSVA/Vietnam

RSVA MH828492 /vzrsva2/2013 F 8 10/24/13
RSVA/Vietnam

RSVA MH828493 /vzrsva3/2013 F 8 11/7/13
RSVA/Vietnam

RSVA MH828494 /vzrsva4/2015 F 5 10/2/15
RSVA/Vietnam

RSVA MH828495 /vzrsva5/2014 M 7 7/28/14
RSVA/Vietnam

RSVA MH828496 /vzrsva6/2014 M 8 7/28/14
RSVA/Vietnam

RSVA MH828497 /vzrsva7/2015 M 9 9/23/15
RSVA/Vietnam

RSVA MH828498 /vzrsva8/2015 M 5 10/9/15
RSVA/Vietnam

RSVA MH828499 /vzrsva9/2015 M 6 9/29/15
RSVA/Vietnam

RSVA MH828500 /vzrsval0/2013 M 8 11/12/13
RSVA/Vietnam

RSVA MH828501 /vzrsval1/2013 M 5 10/16/13
RSVA/Vietnam

RSVA MH828502 /vzrsval2/2015 M 5 8/12/15
RSVB/Vietnam

RSVB MH828503 /vzrsvb1/2014 M 3 8/5/14
RSVB/Vietnam

RSVB MH828504 /vzrsvb2/2014 F 9 8/20/14
RSVB/Vietnam

RSVB MH828505 /vzrsvb3/2014 M 4 9/19/14
RSVB/Vietnam

RSVB MH828506 /vzrsvb4/2014 M 5 11/28/14
RSVB/Vietnam

RSVB MH828507 /vzrsvb5/2013 M 3 9/17/13
RSVB/Vietnam

RSVB MH828508 /vzrsvb6/2014 F 7 9/8/14
RSVB/Vietnam

RSVB MH828509 /vzrsvb7/2014 F 7 9/22/14
RSVB/Vietnam

RSVB MH828510 /vzrsvb8/2014 4 9/18/14
RSVB/Vietnam

RSVB MH828511 /vzrsvb9/2015 8 10/21/15
MVs/DongThap
.VNM/05.14[D

MeV D8 MK142914 8] F 9 5/3/14
MVs/DongThap
VNM/06.14/2[

MeV D8 MK142915 D8] M 6 6/7/14
MVs/DongThap
.VNM/07.14[D

MeV D8 MK142916 8] F 4 7/14/14

Unclassified Anellovirus MK 139485 vzttmv1 M 4 3/14/14

Unclassified Anellovirus MK212029 vzttmv2 M 9 2/19/14

Unclassified Anellovirus MK212030 vzttmv3 M 5 11/6/14

Unclassified Anellovirus MK212031 vzttmv4 F 4 5/18/15

Unclassified Anellovirus MK212032 vzttmvS F 4 3/7/14

Saffold virus
Cardiovirus B | type 3 MK 139484 vzsafv3 F 5 1/8/14
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Table S8 Inferred number of virus transmissions between Vietnam and other countries

Number of Markov jumps>
Virus! Transmission ] 95% HPD BF
median .
interval support

RSV-A . .
(ON1) China->Vietnam 3 (1, 6) ~100
RSV-B . .
(BA9) China->Vietnam 13 (10, 16) ~100
HINI1 Finland->Vietnam 2 (1, 3) 8
(Sw2009) USA->Vietnam 2 (1,3) >100

Thailand->Vietnam 1 (0, 2) 5
H3N2 -

USA->Vietnam 3 (1, 4) >100

China->Vietnam 1 (0,2) 69
HboV-1 Thailand->Vietnam 1 0, 1)

Vietnam->China 1 (0, 1) 8
HPIV 1 USA->Vietnam 1 (0,2) 13
HPIV 2 Japan->Vietnam 1 (0,2) 4
HPIV 3 China->Vietnam 2 (1, 3) >100
HPIV 4 Japan->Vietnam 3 (1, 4) >100

'Viruses’ full names are given in Table S1.
2Numbers of transitions were estimated using a Markov jumps analysis combined with the correlated Bayes

Factor (BF) supports using BSSVS. Transitions with BF>3 are shown.



Supplementary figures
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Figure S1 Monthly distribution of different viruses RT-PCR detected in ARI patients admitted
to hospital from October 2012 to June 2016.
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Figure S2 Monthly distribution of the 4 major viruses (RSV, HRV, IAV and HBoV) detected
in ARI patients admitted to hospital in different site from October 2012 to June 2016. Colors
of different viruses are consistent with Figure 1 and 2, shallower colors are multiple infections
(c), darker colors are single infections (s).
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Figure S4 Distribution of virus sequences (translated protein) detected by metagenomic
sequencing. Assembled contigs were classified by viral family and genus determined by
BLASTX. Only contigs (n=1363) with quality assurance (Contig length >= 500 nt, hit
length >= 200aa, score >= 500, amino acid identity >= 50%) were shown.
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Figure S5 Concurrence of common respiratory viruses and other viruses in same patients (n=40)
detected by metagenomics sequencing. (A) Specific viruses found in each patients co-infected and (B)
the number of viruses detected in each patients were shown, with common respiratory viruses and

other viruses listed separately.
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Figure S6 Novel anellovirus genomes found in respiratory patients. A) Maximum likelihood trees of
members of Anelloviridae family (ORF1 gene sequences). Phylogenetic relations between currently
ICTV taxonomy recognized Anelloviridae (genus and species) and Vietnam isolates in this study
(highlight in red) were shown. Genera with more than 1 species are collapsed. The Betatorquevirus
genus clade was highlight in blue, with species Torque teno mini virus  (TTMV 1-9) and other close
related reference sequences labelled on tips. The bootstrap value >0.9 were shown on nodes. B)
Predicted genetic organization of anellovirus genomes (vzttmv1-4 and vzttmv5). The name and length
of the determined nucleotide sequences of the viral species are shown in the center of the genomic
scheme. The putative open reading frames (ORFs) are showed in yellow.
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Figure S7 Bayesian maximum clade credibility trees for RSV-A and RSV-B whole genome
sequences of RSV A and B in Vietnam and worldwide in (A) RSV-A; (B) RSV-B. Branch

(B) RSV-B

colors represent the most probable ancestral locations of each branch, inferred using discrete

trait model; sequences found in this study are highlight in orange
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Figure S8 Bayesian MCC trees of Vpl gene of Bocavirus 1. Branch colors represent the most
probable ancestral locations of each branch, inferred using discrete trait model; sequences
found in this study are highlight in orange (N=7).
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Figure S9 Bayesian MCC trees of HN gene of Parainfluenza virus (HPIV) 1-4 in Vietnam and
worldwide. (A) Parainfluenza 1 (Respiratory virus 1); (B) Parainfluenza 3 (Respiratory virus
3); (C) Parainfluenza 2 (Human rubulavirus 2) and (D) Parainfluenza 4 (Human rubulavirus
4). Branch colors represent the most probable ancestral locations of each branch, inferred using
discrete trait model; sequences found in this study are highlight in orange.
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Figure S10 Maximum likelihood trees of Vpl gene of human rhinovirus (HRV) genotype A,

HRV-B

2018
Bos

<. o &
o, B a g ¢

&, < <

05 &
Bg3 12
vzhrvb1
B804 870
@'I:l 06‘
A

<

¥ o~
5
LA

vzhrvb2

B and C. Phylogenetic relations between currently known HRV serotypes and Vietnam isolates
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Figure S12 Maximum likelihood trees of full genomes of Human metapneumovirus (HMPV)

KC403971_Homo-sapiens_USA-Nashville_08/03/1991
KC562239_Homo-sapiens_USA-Nashville_01/11/1995
KC562229_Homo-sapiens_USA-Nashville_08/02/1996
KC562227 Homo-sapions_USA-Nashvillo_1996
KC862244_Homo-sapiens_USA-Nashville_13/12/1983
KC562222_Homo-sapiens_USA-Nashville_25/02/1997
KC403972_Homo-sapiens_USA-Nashville_12/03/1991
KJ627397_Homo-sapiens_Peru-Piura_17/12/2010

HM197719 Gorilla-beringdi-boringei Rwanda_2008
KJ627414_Homo-sapiens_Peru-Loreto_06/08/2010
KJ627400_Homo-sapiens_Peru-Loreto_ 2310712010
KJ627432_Homo-sapiens_Peru-Piura_30/11/2009
2015

MF045425_Homo-sapiens_USA_.
vzhmpvb1_Homo-sapiens Viet-Nam 27/11/2014

FJ168778_Homo-sapiens_Netherlands_07/01/19
KC562237_Homo-sapiens_USA-Nashvile_28/02/1995
999

JN184402_Homo-sapiens_USA_01/04/1

KC562232_Homo-sapiens_USA-Nashville_06/0212001
KC562228_ Homo-sapions USA-Nashvills_24/02/1997
KY967366_Homo-sapiens_USA_2015
KF530176_H piens_Australia-Queensland
vzhmpvb3_Hormo-sapiens_Viet-Nam_14/08/2014
vzhmpyb2_Homo-sapions Viel-Nam_18/12/2014
KF530181_Homo-sapins_Australia-Queansland 01/09/2004
KF530179_Homo-sapiens_Australia-Queensland_11/08/2003
KJ627435_Homo-sapiens_Peru-Lorelo_22/05/2009
KJ627431_Homo-sapiens_Peru-Loreto_20/04/2009
KC562210 Homo-sapions_ USA-Cincinnali_2005
KC562235_Homo-sapians U nati_2004
K1627383_Homo-sapiens, Peru-Piura_22/1112008
KJ627391_Homo-sapiens_Peru-Loreto_07/10/2008
KEB30185_ Hofno-Sapiena USA. Mlirakos 1 10112010
KF516922_H h-Korea_10/082011
KF530163 Homo-sapiens Australia-Queansland 0610712004
KC562230_Homo-sapiens_Australia-Queensland_05/03:2004
KF530165_Homo-sapiens_Australia-Queensland_01/08/2004
KC562234_Homo-sapiens_USA-Nashville_27/04/1999

KC562223 " Homo-sapiens | UsA-Nashilo 01/03/1983
KC403974_H; A-Nashville_26/02/1991
JN13440s_Hmmsap\ens_usA_uuoz,199&

0.007

genotype A and B. Sequences found in this study are highlight in red

30



KM024043_Enterovirus-B_Homo-sapiens_Greece_2009
FJ766334_Echovirus-E3_Homo-sapiens_Greece_2005
ABS7323_Echiovius-E9_Hormo-saplen_Japin_2010°
ABB47318_Echovirus-E3_Homo-sapiens._Japan,

vzechol Echo;\mssEchovuus Homo, saﬂens Vietnam, 01105/20 5

fa_2003
—— J0OB37914 _( Coxsa:klevlvaS Hemn snpxens Canada 2(]10
KJ701248_Hum: s_Gabon_2010
KFZSSSQ Edmvl!us :7_Homo-sapiens_China 2001
AYB96765_Enterovinis-B_Homo-sapiens_Azerbaijan_2001
KP202389 E7 H piens_Kuwait_2009
KF312882 ¢ BT11_H 2pi China_2000
KX627628_Echovirus-E11_Flomo-sapiens_italy_2013
vzecho2_Echovirus_Echovirus_Homo_sapiens_Vietnam_16/0412014
AY896764, oldova_2002~

KXIGSMS_Echwuus-EI :_Homo-sapiens_Germany_2010
KXi38646_Echovius Ef gHomosaptens Germany 2010 _

2005
KC568446_ nberﬂvlmsB Homosapens New Zealand 201|
7 2

KC568447_|
KC568448 N ] fzom
FJ172447_Echovirus-| E4 Nnmu siplans Australia _2007
KFg7482' £75_H _Ching 1967
JXB44073_Enterovirus-| EM Hommsaplens ina,

KP262053_

a 300
GU550508 ¢ BS7_H _China_1999
HWI775882 Echovirus-E5_Hamo- Sapions, Sauth-Korea. 2006

_H piens_China_2000
KJ755190_ EnluvavllusESI Hnmn—saplens Chifia_1999
(G Ech _France_2013
AVB96767 EntmiovheeD _Homo-sapiens Russia_1998"
NTosets | Echovinis-E30 Homossmons South-Rorea_21
19676 _Ukraine_2000"
KP266571 EchovlmvESO Fomo-sapiens._China_2002
JIN797614_Echovirus-E30_Homo-sapiens_Switzerland_2006
JN797616_Echovirus-E30, Hombsaplens Switzerand_2009
IMB52755_Echovirus-E6_Fomo-sapiens_Greece_2008
HM852754 Echovirus-E6_Homo-sapiens_Greece 2006
10929657_Echovirus-E6_Homo-sapiens_Finland_2009

AYBGBT61

KX424981_Echovirus- b 5_Homo-sapiens_lran
AVBS6760 Entervirus-B, Homo-sapiens. | Russla 1999
11352, E13_Hq pi 2002
U574640 Echovinus-E33_Horno-sapiens_ Thnlland %510

JIN797615_Coxsackievirus-B1_Homo-sapiens_Switzerland_2010
KP250537_CoxSackievirus-B1_Flomo-sapiens_Kuwait_2008

_2011

LNB54562_C p
sssas iruS-81_Homo-sapiens_China_2009
Kx499535 B2_H¢ s_China_2012
KU574631_Ce i Thnllund 2010
KF878966_Enterovi Homo—sap!ens Ausiralia 2011
Wz“sss%% e Unzd Kingdom_1675
. o n dom_167
Enterovirus B 501 eckimviroeBo i jens_France_1984

KT2850|2 Coxsackievirus-B5_Homo- snplens Finland_1962

KTZSENB CDKSIEKIEVIIUS<35 HDmD-SﬂDIEnS USA_ 1977
KT285006_C: ISA_1{
KT285015_Coxsackievirus-BS. Homosiplens Fran:e1993
KT285017_Coxsackievirus-B5_Homo-sapiens_United-Kingdom_1992
KT285009 mmcquv\ms-ﬂs _Homo-sapiens USA_1983

KP233830_C; | :_Kuwa
KT285014_C i p Pamsmn 1991
JX4T6761 a_2009
KR107057 Coxsncklev\m&ﬂS Hamn»sapens \ndm 2010
96762 pie zhek}shn 1999
GU'UMH B3_! d- key_China_2006
030513 C i 83_H :_China_2007
J 83_Pan-troglody : Denmark_2010
AYBI6763_} Entnmvlrus-s Hcmo-slplans Mdldova_2002
EU144042_C . USA_2005
0.2

Figure S13 Maximum likelihood trees of full genomes of Enterovirus B. Sequences found in
this study are highlight in red.
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Figure S14 Maximum likelihood trees of full genomes of Coronaviridae (Human coronavirus
229E, Human coronavirus NL63 and Human coronavirus OC43). Sequences found in this

study are highlight in red.
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Figure S15 Maximum likelihood trees of whole genome sequences of Measles morbillivirus
genotype D8. Sequences found in this study are highlight in red; Sequences isolated from

enteric patients in the equivalent surveillance are highlight in blue
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Figure S16 Maximum likelihood trees of all gene segments
Sequences found in this study are highlight in red.

(n=7) of Influenza

C virus.
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Figure S17 Maximum likelihood trees of whole genome sequences of Human polyomavirus 3
and Human polyomavirus 4. Sequences found in this study are highlight in red.
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