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Since,  early  2000s,  there  have  been  several  clusters  of enterovirus-D68  (EV D68)  associated  respiratory
illness  reported  from  various  countries.  Recent  largest  and  most  wide-spread  outbreak  of EV-D68  asso-
ciated  severe  acute  respiratory  illness  (SARI)  occurred  in  North  America.  Present  report  describes  a case
of  EV-D68  associated  severe  acute  respiratory  illness  from  India  with  a whole  genome  sequence.  The
case  was  identified  through  retrospective  analysis  of Influenza  SARI  surveillance  sample  collected  during
September  2017  using  Next  Generation  sequencing.  EV  D68  positive  child  aged  two  years  and  presented
with  asthma  like symptoms  for which  he  was  admitted  to ICU.  The  child  tested  negative  for  Influenza,
RSV,  Rhinovirus,  PIV,  hMPV  and adenovirus,  on real time  RT-PCR.  And  on  NGS  full  EV  D68  genome  was
GS
espiratory illness

retrieved  belonging  to sub-clade  B3.  In  ICU,  child  received  anti-bacterial  and  anti-viral  therapy.  The  child
recovered  with-out  any  sequelae  and  was  discharged  one  week  later.  Present  report  highlights  the  impor-
tance of studying  this  emergent  virus  EV-D68  through  prospective  studies  to understand  the  burden  and
epidemiological  pattern  in the country  and  its implications.

©  2019  The  Authors.  Published  by  Elsevier  Limited  on  behalf  of  King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://
ntroduction

Enterovirus D68 (EV-D68) was first described in 1962 among
our Californian children admitted in hospital with pneumonia [1].
fter its discovery, EV-D68 detection has rarely been reported for
ausing any respiratory illness. But since the early 2000s, there
ave been several clusters of EV D68 associated respiratory illness
eported from various countries [2]. In 2014 [August–October], the
argest and most widespread outbreak of EV-D68 associated with
evere acute respiratory illness (SARI) occurred in North America,
ffecting over 1153 people in 49 states and 14 deaths [3,4]. Similar
eports of respiratory illness by EV-D68 have been documented in
urope, Thailand, China, New Zealand and several African countries
5]. Increasing number of EV-D68 associated severe respiratory
nfection cases and neurological complications has raised concern
n the international community [6].
The EV-D68 case was identified through the retrospective anal-
sis of respiratory samples collected under Influenza surveillance
uring 2017. The retrospective analysis was performed using Next
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Generation sequencing (NGS). Influenza surveillance network is
operational through sentinel centers collecting samples from both
acute respiratory illness (ARI) and SARI cases. Collected Nasal/
throat swab are processed using real time RT-PCR for the panel
of respiratory viruses viz Influenza A and B, Respiratory syncy-
tial virus (RSV), Para-Influenza 1–4 (PIV), Adenovirus, Rhinovirus,
human metapneumovirus (HMPV) and corona-virus. To discover
the unknown RNA or DNA viral or bacterial agents from the test neg-
ative samples, a retrospective analysis/testing was performed using
NGS on randomly selected 18 test negative samples (2% of the total
negative samples) representative of the whole year i.e. two sample
per month from Influenza season months which are February to
April and July to September while one sample per month from rest
of the non-season months.

Case summary

The Identified EV-D68 positive case was from a SARI sample col-
lected under Influenza surveillance during September 2017. The

case is a two-year-old male child, resident of Purandhar village,
Solapur, Maharashtra, India. At the time of admission, his main
complaints were fever, sore throat, and breathlessness for which
he was admited in the pediatric intensive care unit (PICU) at a

n Abdulaziz University for Health Sciences. This is an open access article under the
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Fig. 1. Phylogen

ertiary care institute. Parents gave history of child having chills,
asal discharge and cough with sputum. There was  no history
f diarrhea or vomiting. On general examination, the child was
onscious and cooperative; pallor was present, axillary temper-
ture measured 38.8 ◦C, respiratory rate was 40 per min, pulse
ate 110/min, Body mass index and mid  arm circumference was
5.6 kg/m2 and 12.4 cm respectively. There was  no evidence of
yanosis, icterus, clubbing or any significant lymphadenopathy.
n respiratory system examination, chest in-drawing was  present,

ocal chest signs showed grunting, wheezing and crepitation. No
bnormalities were detected on systemic examination. Hematolog-
cal analysis revealed decreased hemoglobin level (7.6 mg  %) with
aised White Blood cell (WBC) Count (13 thousand/ micro liter) and
latelet count was normal (387000/ micro liter). The X-ray chest
uggested left lower lobe pneumonia with pleural effusion.
onfirming diagnosis

Nasal swab collected on the day of admission from the patient
ested negative for Influenza, RSV, Rhinovirus, PIV, hMPV and ade-
ee of VP1 gene.

novirus, on real time RT-PCR. RNA extraction was performed on
the clinical samples using the QIAmp Viral RNA extraction kit (Qia-
gen). RNA quantification, RNA depletion, library preparation, and
RNA library quantification were performed [7]. The samples were
loaded on the Illumina Miniseq platform for sequencing. The reads
generated from the machine was analyzed using the CLC Genomics
Workbench (CLC, version 10.1.1). De novo contigs of size greater
than 1000 nucleotide were generated which were further identi-
fied by performing BLAST. The causative agent was identified to be
Human EV-D68 after performing the BLAST search of 109 contigs.
The complete genome of 7345 nucleotides was retrieved encod-
ing a single open reading frame starting with 5′ UTR and ending
with 3′ UTR along with a poly (A) tail. The accession number of
the sequence submitted to the GenBank (MH330334) is publicly
available.
Phylogenetic analysis

Evolutionary analysis for the retrieved Viral protein1 (VP1) gene
was performed from the clinical specimen. Reference sequences
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Table  1
Percent pair-wise nucleotide and amino acids difference along with similarities among the complete genome of the enterovirus D68 compared to MH330334.

Virus sequence in the study compared to MH330334 ND AD NS AS

AB601872.1 JPOC10-200 10.03 5.18 89.97 94.82
AB614408.1 1946-Yamagata-2010 9.92 5.18 90.08 94.82
AB667885.1 1989-Yamagata-2005 9.17 4.85 90.83 95.15
AB667898.1 1833-Yamagata-2008 12.45 6.17 87.55 93.83
AF081348.1 14.89 8.74 85.11 91.26
AY426491.1 strain MD02-1 8.95 5.18 91.05 94.82
AY426500.1 strain TX03 11.47 6.17 88.53 93.83
JX101786.1 strain ARI192 from USA 9.82 4.85 90.18 95.15
JX101793.1 GA427 from Gambia 12.34 6.17 87.66 93.83
JX101804.1 strain NYC394 from USA 12.99 6.17 87.01 93.83
KC763162.1 strain ITA/20528/12 5.34 1.96 94.66 98.04
KC763164.1 strain ITA/22516/12 7.19 1.96 92.81 98.04
KM851225.1 strain US/MO/14-18947 6.15 3.24 93.85 96.76
KM851227.1 strain US/MO/14-18949 5.93 2.91 94.07 97.09
KM851229.1 strain US/KY/14-18951 7.34 1.94 92.66 98.06
KM851230.1 strain US/IL/14-18952 7.34 1.62 92.66 98.38
KM892497.1 isolate CA/RESP/09-871 9.71 4.85 90.29 95.15
KM892500.1 isolate CA/RESP/10-786 13.31 7.47 86.69 92.53
KP126910.1 strain US/CA/14-6067 5.93 2.91 94.07 97.09
KP153538.1 strain ITA/23341/14 14.29 7.47 85.71 92.53
KP153545.1 strain ITA/25702/14 5.61 1.94 94.39 98.06
KP657701.1 isolate TW-01166 2007 12.54 6.56 87.46 93.44
KP657703.1 isolate TW-09669 2007 12.43 6.23 87.57 93.77
KP657707.1 isolate TW-09064 2009 12.65 6.56 87.35 93.44
KP657710.1 isolate TW-00588 2010 13.20 6.23 86.80 93.77
KP657712.1 isolate TW-01788 2010 12.98 5.90 87.02 94.10
KP657713.1 isolate TW-02378 2010 13.30 5.90 86.70 94.10
KP657716.1 isolate TW-10368 2011 12.87 6.56 87.13 93.44
KP657717.1 isolate TW-13025 2011 4.89 1.63 95.11 98.37
KT280498.1 isolate 2014-R1011 3.34 0.97 96.66 99.03
KT285320.1 isolate 2011-21282 5.18 2.91 94.82 97.09
KT306743.1 isolate 2011-21286 13.53 6.82 86.47 93.18
KT711081.1 isolate TW-00932-2014 3.02 1.29 96.98 98.71
KT711088.1 isolate TW-02795-2014 3.24 1.29 96.76 98.71
KT803596.1 isolate CHN/CQ7226/2014 3.24 0.97 96.76 99.03
KT959174.1 isolate HK2 12.77 5.84 87.23 94.16
KT959183.1 isolate HK11 13.42 6.82 86.58 93.18
KT959192.1 isolate HK20 14.07 6.82 85.93 93.18
KT959197.1 isolate HK25 3.13 0.97 96.87 99.03
KX675261.1 strain USA/FL/2016-19504 2.91 0.97 97.09 99.03
KY358057.1 isolate TW-5767-2015 2.80 0.97 97.20 99.03
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KY358058.1 isolate TW-6234-2016 14.29

D; Nucleotide difference; AD; Amino acid difference; NS; Nucleotide similarity; A

f different clades were downloaded from the GenBank database.
hese sequences were aligned using the ClustalW algorithm as
mplemented in MEGA software version 7.0 [8]. A maximum-
ikelihood method based phylogenetic tree was generated using
he Tamura- 3 parameter as the nucleotide substitution model with
amma  distribution across sites. A bootstrap replication of 1000
eplication was used for the statistical assessment of the generated
ree. Phylogenetic analysis of the VP1 gene sequence demonstrated
hat it clustered with the B3 subclade (Fig. 1, Table 1). Report of
evere neurological manifestation that includes acute flaccid paral-
sis has made this analysis intriguing [9].

reatment received and outcome

Patient was started on broad-spectrum antibacterial and anti-
iral (oseltamivir) along with anti-pyretic. The child recovered
ithout any sequelae and was discharged after one week of admis-

ion.

iscussion
Retrospective analysis using NGS of SARI sample revealed full
enome of causative agent as Human EV-D68 in one of the test
egative sample. EV-D68 positive child presented with asthma like
ymptoms. Similar presentation among pediatric age was  observed
7.14 85.71 92.86

ino acid similarity.

in an EV-D68 outbreak in North America with clustering of cases
from August to October months [3]. EV-D68 sub-clade B3 outbreak
has been reported from Sweden, Italy and Netherlands [10]. In
recent years, there has been significantly increased in EV-D68 asso-
ciated respiratory illness from around the world [11]. Increased
EV-D68 detection in recent years may  be because of availability of
EV D68 specific RT-PCR. However, the retrospective analysis done
on the stored samples in China suggested that the EV D68 detec-
tion has been increased in recent years only [12]. The mechanism
underlying the recent global increase in EV D68 has not been under-
stood. EV-D68 presence has now been confirmed in India and is
important as it holds a potential threat of outbreaks of respiratory
or neurological illness in the country.

Conclusion

Present report highlights the importance of studying the virus
through prospective systematic surveillance both in hospital and
community settings to understand the impact and epidemiological
pattern in the country.
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