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Complete Genome Characterization of Eight Human

Parainfluenza Viruses from the Netherlands
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ABSTRACT We report the complete genome sequences of eight human parainflu-
enza viruses (HPIV) belonging to Human respirovirus 1 (HPIV-1), Human respirovirus 3
(HPIV-3), Human rubulavirus 2 (HPIV-2), and Human rubulavirus 4 (HPIV-4). The ge-
nome sequences were generated using random-primed next-generation sequencing
and represent the first HPIV full-genome sequences from the Netherlands.

he human parainfluenza viruses (HPIVs) are members of the Paramyxoviridae family

of viruses and are a common cause of acute upper and lower respiratory infections.
Although HPIV infections are generally mild and self-limiting, severe infections leading
to hospitalization may occur, particularly in infants, young children, and immunocom-
promised individuals (1).

The HPIV virion encloses a single-stranded negative-sense RNA genome with a
length of ~15,000 nucleotides (nt), encoding the following 6 structural proteins: the
nucleoprotein (NP), phosphoprotein (P), matrix protein (M), fusion protein (F),
hemagglutinin-neuraminidase (HN), and large protein (L). HPIVs are subdivided into 2
genera, Respirovirus (Human respirovirus 1 [HPIV-1] and Human respirovirus 3 [HPIV-3])
and Rubulavirus (Human rubulavirus 2 [HPIV-2] and Human rubulavirus 4 [HPIV-4]). In the
Netherlands, HPIVs were the third most common viral pathogen in noninfluenza
respiratory infections (after rhinovirus and adenovirus) from 2006 to 2015, according to
a National Institute for Public Health and the Environment (RIVM) report (2). Surpris-
ingly, given the clinical frequency of HPIVs, as of 22 January 2019, there were no HPIV
full genomes from the Netherlands identified in GenBank, leading to a knowledge gap
in the local virus diversity. Also, given the importance of nucleic acid-based diagnostics,
documenting local viral sequences is essential for maintaining sensitive clinical diag-
nostics capable of detecting locally circulating HPIV strains.

Eight samples from the years 2013 to 2016 that were positive for HPIV (HPIV-1,
HPIV-2, HPIV-3, and HPIV-4) were randomly chosen (Table 1). The HPIVs were isolated
from respiratory patients (youngest, 2 months of age, and oldest, 63 years of age) and
propagated in LLC-MK2 (ATCC CCL-7, Macaca mulatta, monkey, rhesus) cell lines.
Passage 3 of each sample, except that of sample t146a305 (for which passage 2 was
used), was subjected to real-time PCR (3) to confirm the presence of HPIV and then used
as follows for direct sequencing. Total viral nucleic acid was extracted from the 8 culture
supernatants using a High Pure viral RNA extraction kit (Roche, Mannheim, Germany)
following the manufacturer’s instructions. Extracted RNA was reverse transcribed using
random hexamers that avoid rRNA (4), followed by second-strand synthesis using
Klenow fragments (New England Biolabs), as previously described (5). The resulting
double-stranded DNA (dsDNA) was used to prepare for sequencing libraries using an
lon Xpress Plus fragment library kit (part number 4471269) and subsequently se-
quenced on the lon Torrent S5XL platform to generate 2.3 X 10° to 5.1 X 10° reads per
sample (median read length, 275 to 300 nt). Raw reads were trimmed from the 3’ end

Volume 8 Issue 15 €00125-19

Citation Phan MVT, Arron G, GeurtsvanKessel
CH, Huisman RC, Molenkamp R, Koopmans
MPG, Cotten M. 2019. Complete genome
characterization of eight human parainfluenza
viruses from the Netherlands. Microbiol Resour
Announc 8:¢00125-19. https://doi.org/10.1128/
MRA.00125-19.

Editor Catherine Putonti, Loyola University
Chicago

Copyright © 2019 Phan et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Matthew Cotten,
mlcotten13@gmail.com.

Received 6 February 2019
Accepted 15 March 2019
Published 11 April 2019

4 Microbiology

mra.asm.org 1


https://orcid.org/0000-0002-6905-8513
https://orcid.org/0000-0002-3361-3351
https://doi.org/10.1128/MRA.00125-19
https://doi.org/10.1128/MRA.00125-19
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:mlcotten13@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00125-19&domain=pdf&date_stamp=2019-4-11
https://mra.asm.org

4 Microbiology

92A> ploysaiyl “4)

‘uondayul Kiojesidsal saddn ‘|yn ‘eseasip bun| jennsiaiul ‘gl
‘awouab ay1 Jo Yyibus| ay1 Agq papIalp sz sawil speal paddew Jo Jaquinp 4
‘swousb |euy 01 paddew speas pajjoiuod-Aljenb Jo ssquinu e10] »

¥ snaApingni

60€ 861'865'C 180°LT LE0'ZL el € [4n ‘ejnuued [eaydes| sowg €L0T/EL/6 ¥-AldH ubwiny €9¢ ¥968EBOLNINYS LITTLS8YYS 8OVC68HIN  €0€RIHLY
¥ sniiApingn.
SL9 ¥8T'EVL'L 6EL'OY  6L0°LL Sl € fouapynsu Lojeldsay sow ¢ €107/8/LL ¥-AldH upbwiny €9€ €968EB0LNWYS 09ZZLS8YYS LOVT68HIN  967B91 LY
£ sniinouidsai
T9¢'s  097'68S'T 69'0€E  60¥'SL vl 4 SNONW “19A34 siky| €10z/6T/1L €-AldH ubwnH T'SE T968EBOLNWVS 6STTLS8YYS OLPC68HIN  S0ERIYLY
£ sniinoaidsai
LE0'cT £01'660'7 166'SSE’L  £8€'SL 9oL € Aduapiynsur Aioresdsay sih €9 9L0Z/L/8 €-AldH ubwiny L'SE  L968EBOLNINYS 8SCTLS8YYS 607C68HW  +0€RIYLY
SS9UISIEOY ‘IOPLIIS
‘Buljjams [esodnw Z sniapingni
Ty €TT6E6'L 8EEYIT  ¥S9'SL LL € ‘eaudsAp Buiseanu) sik e vLoz/e/y ¢-NdH ubwnH £'8€ 0968EBOLNYS S9TTLS8YYS 90VC68HIN  €67R91LY
Buiybnod Z snuiapjnqnu
L6T 116'8T8'L €978l  ¥89'GlL €Tl € pue “1aA3) ‘al sik9 ¥10Z/SL/TL ¢-NidH ubwnH 7’86 6S68EB0LNINYS H9TTLSBYYS SOVZ68HN  T6TRILY
e|nuued
Jeaydely ‘“Aouapdyjnsul
Kiojendsas ‘Yop | sniinouidsal
S8T TrL'vT0'T 865'LL  TTv'SL 6l € ‘awolpufs uiqoy auald sikz €107/5/C L-AldH upbwiny TLE 8S68EBOLNWVYS €97TLS8YYS YOVC68HIN  L6TRIYLY
| sndiroudsal
T6L'9 vTL'LTE'L yS8'sTy  SL9'SL L9l € Aouapiynsur Aiojendsay sow 6 €107/8z/0L L-AldH ubwnH TLE LS6BEBOLNWVS TOTTLS8YYS €EOFYT68HN  06CB9Y LY
q(x) @beianod  speai jo pSpeai (u) peNjeA  (IN-DT11) 5(s)wordwiAs |esuld sbe (4h/Kep/ow) adKjousb saads (%) Juanuod  ‘ou 3jdwesolg ‘ou ‘ou  Jaynuap!
bAy -ou |ejo) paddew jo-oN  yYibus| <) ainmyjnd 3D ‘ou abesseqd jusneq 9jdwes jeuibuo AldH DD awousn uoissade  uoissadde  3dwes
sawousn Jo ®1eQq YYS duegusn

Phan et al.

sajdwes AldH 8 104 elep aduanbas pue |ediuld L 319VL

mra.asm.org 2

Issue 15 e00125-19

Volume 8


https://www.ncbi.nlm.nih.gov/nuccore/MH892403
https://www.ncbi.nlm.nih.gov/sra/SRR8512262
https://www.ncbi.nlm.nih.gov/biosample/SAMN10838957
https://www.ncbi.nlm.nih.gov/nuccore/MH892404
https://www.ncbi.nlm.nih.gov/sra/SRR8512263
https://www.ncbi.nlm.nih.gov/biosample/SAMN10838958
https://www.ncbi.nlm.nih.gov/nuccore/MH892405
https://www.ncbi.nlm.nih.gov/sra/SRR8512264
https://www.ncbi.nlm.nih.gov/biosample/SAMN10838959
https://www.ncbi.nlm.nih.gov/nuccore/MH892406
https://www.ncbi.nlm.nih.gov/sra/SRR8512265
https://www.ncbi.nlm.nih.gov/biosample/SAMN10838960
https://www.ncbi.nlm.nih.gov/nuccore/MH892409
https://www.ncbi.nlm.nih.gov/sra/SRR8512258
https://www.ncbi.nlm.nih.gov/biosample/SAMN10838961
https://www.ncbi.nlm.nih.gov/nuccore/MH892410
https://www.ncbi.nlm.nih.gov/sra/SRR8512259
https://www.ncbi.nlm.nih.gov/biosample/SAMN10838962
https://www.ncbi.nlm.nih.gov/nuccore/MH892407
https://www.ncbi.nlm.nih.gov/sra/SRR8512260
https://www.ncbi.nlm.nih.gov/biosample/SAMN10838963
https://www.ncbi.nlm.nih.gov/nuccore/MH892408
https://www.ncbi.nlm.nih.gov/sra/SRR8512261
https://www.ncbi.nlm.nih.gov/biosample/SAMN10838964
https://mra.asm.org

Microbiology Resource Announcements

4 Microbiology

to a median Phred score of 25 and minimum length of 75 nt using QUASR (6) and de
novo assembled using SPAdes version 3.13.0 (7). In all samples, 1 to 2 contigs spanning
the full genome were obtained; subgenomic contigs were combined using Geneious

(version 9.1.8).

Eight complete HPIV genomes were assembled from short-read data, and their open
reading frames (ORFs) were checked to ensure intact ORFs. Results from BLAST searches
of these genomes showed that they share 98% to 99% similarity at the nucleotide level
with contemporary strains from Thailand (2012, GenBank accession number KM190940)
and France (2009, accession number KF687313) for HPIV-1, from the United States
(2016, accession number KY674949, and 2017, accession number MF077312) for HPIV-2,
from the United States (2015, accession number KY973558) and France (2009, accession
number KF530233) for HPIV-3, and from Taiwan (2010, accession number KY460518) for
HPIV-4. Annotation for the open reading frames was performed in Geneious using
information in the GenBank entries for the four reference genomes listed under the
accession numbers NC_003461 (HPIV-1), NC_001796 (HPIV-3), NC_003443 (HPIV-2), and

NC_021928 (HPIV-4).

In conclusion, we report here the first 8 genomes of HPIV isolated from the

Netherlands.

Data availability. The eight HPIV genomic sequences described in this study have
been deposited in GenBank under the accession numbers MH892403 to MH892410,
with the BioSample and run accession numbers shown in Table 1. The corresponding
short-read data are available in the SRA under the BioProject accession number

PRINA517593.
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