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ABSTRACT

Objective. To detect the etiological cause of an acute
gastroenteritis outbreak at St. Anna kindergarten in
the village of Resilovo, region Kyustendil.
Materials and Methods. Atotal of 22 faecal specimens
from children (n = 18) and staff (n = 4) were tested.
Multiplex RT-PCR with specific primer pairs detecting
the most common viral causes of gastroenteritis
(noroviruses, rotaviruses, sapoviruses, intestinal
adenoviruses and intestinal astroviruses) was applied
to detect the viral causative agent. Noroviruses
were detected and sequenced and subsequent
phylogenetic analysis was carried out.

Results. Genogroup Il noroviruses were detected
in five samples from children and one sample from
staff (6/22) or in 27.3% of the specimens. According
to WHO criteria, this proves that noroviruses have
caused the epidemic outbreak. Detected noroviruses
were subjected to sequencing and subsequent
phylogenetic analysis, with data identifying genotype
17 (GII.17) as the causative agent.

Conclusion. Norovirus genotype 17 (Gll.17) was first

detected in Bulgaria in 2015 as the causative agent
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of an outbreak in a secondary school in the town of
Pravets. In 2016, the circulation of this genotype was
again established in sporadic cases, and in 2022 it was
found to be the cause of the epidemic gastroenteritis
outbreak in a kindergarten in the village of Resilovo.
To protect public health, continuous monitoring and
targeted search for viral intestinal agents is essential,
regardless of the transient and usually mild course of
the disease.
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INTRODUCTION

Viral enteric infections (VEI) are a serious problem
worldwide that is sometimes neglected, though
diarrheal diseases are at the forefront as causes of
mortality (1). Symptoms of acute gastroenteritis (AGE)
include general malaise, abdominal pain and cramps,
nausea, vomiting, and diarrhea, usually lasting 1 to
5 days, sometimes up to 14 days. The most common
viral cause of AGE are rotaviruses (RVs), but with
the introduction of vaccines against them, they are
increasingly being replaced by noroviruses (NoVs).
Other enteric viruses such as sapoviruses (SaVs),
astroviruses (AstVs), as well as a few DNA viruses
such as the intestinal adenoviruses (AdVs) may also
be found in cases of gastroenteritis.

Globally, 1 in 5 cases of gastroenteritis leading to
vomiting and diarrhea is caused by noroviruses (2).
Norovirus is a genus from the family Caliciviridae and
its representatives contain a positive-sense, single-
stranded RNA genome. They are naked viruses with
icosahedral symmetry of the capsid. The genome
contains 3 open reading frames (ORFs) - ORF 1 (which
encodes six non-structural proteins, including RNA-
dependent RNA polymerase [RdRp]), ORF2 (encodes
for the major capsid protein VP1) and ORF3 (encodes
for minor capsid protein VP2) (3,4).

The genus is currently subdivided into 10 genogroups
and 49 genotypes based on the complete nucleotide
sequence encoding the major capsid protein VP1
(5). Genogroups are denoted by the capital Latin
letter G and the corresponding Roman numeral, and
genotypes are denoted by Arabic numerals.

NoV genotype 17 (Gll.17) was established as the
dominant one in 2014 in ltaly and several other
countries around the world, and its circulation in
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Bulgaria was detected in 2015 as the causative agent
of an outbreak in a secondary school in the town of
Pravets.

In May 2022, at St. Anna kindergarten in the village
of Resilovo, region Kyustendil, some of the children
fell ill.

v' On May 10%, 2022, a child was brought to the
kindergarten after having vomited the previous
night. Due to the subsidence of the complaints, he
was not left at home (May 9" is the supposed start of
the outbreak);

v" On that day a total of 17 children were in the
kindergarten; around noon (11:30 a.m.) one of the
children developed symptoms of illness, 30 minutes
later another child was sick, and within the next
3-4 hours 7 more children fell ill; in the remaining 5
children symptoms appeared by 9 p.m.;

v" The symptoms were repeated fountain vomiting
and abdominal pain. Fever and diarrhea were not
observed;

v" Two of the children were hospitalized with an
initial diagnosis of VEI,

Based on the clinical course that led to vomiting and
rapid resolution of symptoms, the infectious disease
specialist at the hospital suspected a norovirus
infection. To detect the etiological cause of the AGE
outbreak in St. Anna kindergarten in the village of
Resilovo, region Kyustendil, clinical samples were
sent for investigation to the National Reference
Laboratory for Enteroviruses at the National Center
for Infectious and Parasitic Diseases.

MATERIALS AND METHODS

Sample collection

A total of 22 fecal specimens from children and staff
(18 children and 4 staff) were collected and sent
for testing in the National Reference Laboratory
“Enteroviruses”.

Viral RNA extraction and reverse transcription

Viral genomes were extracted from 10% (w/v in
phosphate buffer saline) supernatant of stool samples
using NucleoSpin® Dx Virus kit based on the spin-
column procedure and following the manufacturer’s
GmbH & Co KG,
Diren, Germany). The reverse transcription (RT) to

instructions (Macherey-Nagel

a complementary DNA was performed with M-MLV
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reverse transcriptase (Invitrogen, Carlsbad, CA, USA)

and random primers (hexa-deoxyribonucleotide
mixture) (Invitrogen, Carlsbad, CA, USA). Before
reverse transcription RNAs were denatured by
heating at 95°C for 5 min and cooled on ice. Reverse
transcription thermal cycling conditions were as
follows: 37°C for 1 h and 95°C for 5 min. Copy-
DNAs were stored at -20°C until required for further
analysis.

Viral detection by PCR

Monoplex and multiplex PCR assays with three primer
sets comprising eight specific pairs of primers that
detected RVs groups A, B and C, NoVs genogroups
| and Il, sapoviruses, enteric AdVs and AsVs, were
applied (6). Sequences of primer pairs are presented

in Table 1 (7,8,9).

The DNA amplification was conducted with 2x
HotBegan™ Red-Tag Master Mix (Canvax Biotech,
S.L., Cordoba, Spain). The master mix in 20 pl total
volume was prepared as shown in Table 2 and the
PCR was performed at 94°C for 10 min, followed by
30 cycles of 94°C for 35 sec, 50°C for 35 sec, 72°C for
1 min, and a final extension at 72°C for 7 min, and
then held at 4°C. Positive controls (known cDNA from
patient samples for RVs and NoVIl) and negative
controls were included in each run.

Electrophoresis

Visualization of the PCR products was performed
by 2% gel electrophoresis. The presence of the
respective viruses was determined based on the size
of the expected PCR product corresponding to each
virus (Table 1).

Nucleotide Sequencing and Phylogenetic Analysis

A Sanger dideoxy sequencing of the detected NoVs
was performed with an automatic sequencer model
Genomelab GeXP (Beckman Coulter, USA). The
primers used for sequencing were the same as the
ones used for detection. They target the portion of the
gene encoding VP 1 (near the ORF1-ORF2 junction, a
hot point for mutation). The resulting raw sequences
were processed manually using BioEdit v.7.2
computer software (10). The Norovirus genotyping
tool (11) was used to determine the genotype/
variant of the NoV strain, and the programs BLAST
(12) and BioEdit v.7.2 were implemented to compare
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Table 1. Specific primers’ sequences and size of the expected PCR products for the detection of enteric viruses

by multiplex RT-PCR assay.

Set Target virus Primer sequences 5°-3’ PCI.{ product Reference
size (bp)
F- GGCTTTAAAAGAGAGAATTTC
A | RVsgrowA R - ACTGATCCTGTTGGCCATCCTTT 395 71
F - GGCAATAAAATGGCTTCATTGC
RVs group B R - GGGTTTTTACAGCTTCGGCT 814 71
RV oroun C F - ATTATGCTCAGACTATCGCCAC 351 [7]
. group R - GTTTCTGTACTAGCTGGTGAAC
F - TTCCCCATGGCICAYAACAC
AdVs R - CCCTGGTAKCCRATRTTGTA 482 7]
F - GATTGGACTCGATTTGATGG
AsVs R - CTGGCTTAACCCACATTCC 409 (8]
NoVs geno-eroup I F - CTGCCCGAATTYGTAAATGA 330 9]
geno-group R - CCAACCCARCCATTRTACA
C F - CARGARBCNATGTTYAGRTGGATGAG
NoVs geno-group Il |~ p" ¢ CRCCNGCATRHCCRTTRTACAT 387 [9]
SaVs F - CTCGCCACCTACRAWGCBTGGTT 434 [9]
R - CGGRCYTCAAAVSTACCBCCCCA
Table 2. Ingredients for the performance of the PCR.
Volume
Buff
uffer and reagents Set A Set B Set C
2 x Master Mix 10.0 wl 10.0 pl 10.0 pl
F-primer (20 pmoles/ul) 0.5l x 0.5 pl each | x 0.5 pl each
R-primer (20 pmoles/ul) 0.5l x 0.5 pleach | x 0.5 pl each
Sterilized D.W. 6.5 ul 3.5u 4.5 ul
Template 2.5 ul 2.5 ul 2.5 ul

the obtained sequence with those published in the
GeneBank genome bank (http://blast.ncbi.nlm.nih.
gov). The phylogenetic analysis was done by the
Neighbor-Joining Method, Kimura 2-parameter,
1,000 bootstrap replications of the MEGA11 program

(13).

RESULTS

Genogroup Il noroviruses were detected in five
samples from children and in one sample from staff
(6/22) or in 27.3% of the specimens. According
to WHO criteria (14), this proves that NoVs have

caused the epidemic outbreak. Detected NoVs

were subjected to sequencing with the same pair
of primers in Table 1 that detect a part of the VP1
gene encoding the major capsid protein (near the
ORF1-0ORF2 junction, a hot point for mutation). Four
of the samples were successfully sequenced and
the genotyping tool identified genotype 17 (GlI.17).
When comparing the Bulgarian strains with the
Genome bank, the greatest similarity was found
with those established in Japan, China and Italy, and
for this reason these sequences were included in
the phylogenetic analysis. Subsequent phylogenetic
analysis revealed that the Bulgarian strains from
Resilovo were genetically related to Gll.17, variant
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<> Hu/GIL17/NoV41/2022/BG
<> Hu/GIAT/NoVE4/2022/BG
<> Hu/GIL1T/MNoV39/2022/BG
<> Hu/GIAT/NoV38/2022/BG
2 AB983218 Hu/GIWIP/2014/GILPAT GIL1T/Kawasaki323
MGT86802 Morovirus Gll strain GIVHW/FR2016/GILPAT GILATNIFE14275
MGTE3317 Morovirus Gll strain GIYHW/2016/CHN/HuzhouNS516433
KRO83017 Hu/GIL.17/Gaithersburg/2014/US
KT346356 Hu/GILP1T GIL17/PRE6E/2015/TA
KP394318 Hu/NoV/GD1697/2014/Guangdong/China
KT253245 Hu/GILAT/CHMN/2018/ZHITHC-12
KR270448 Hu/JSWX15027/CHN
Hu/GIL17/MoV4/2016/BG
Hu/GIl.17/MoV116/2018/BG
Hu/GI.17/MoV108/2015/BG
Hu/GI.17/MoVT78/2015/BG
Hu/GIL.17/MoVT6/2015/BG
Hu/GIL.17/MoVT4/2015/BG
Hu/GIL.17/MoVT2/2015/BG
KP998539 Hu/HKG/2014/GIL17/CUHK-NS-463
Hu/GIL.17/MoVT3/2015/BG
Hu/GIL.17/MoVTE/2015/BG
Hu/GILA7/MoVTT/2015/BG
Hu/GIL17/MoV2T/2016/BG
Hu/GI.17/MoV41/2016/BG
LC037415 Hu/GIKJP/2015/GILPAT Gll.17/Kawasaki30g
KXB52373.1 Norovirus GIIL17 isolate Chiayi/GIL17/2015/ROC
KP335154.1 Morovirus Hu/GIl.P17/inshan19/Shanghai/2014/CHM
KXT64734.1 Noravirus Gll strain GIVHU/KR/2016/GIIL1T/20160223EL02B 4
KXT64715.1 Norovirus Gl strain GI/HW/KR/2015/GILAT/20150915EL03A 1
KP335155.1 Norovirus Hu/GIL.P17 Gll.17/Jinshan15/Shanghai/2014/CHM
LC101783.1 Norovirus Hu/GIAJP2015/GILP1T GIL1T7/Qyster1-2015 POL
KT239638 MoV GILP16/GII.13 strain Hu/GILLP16 GIL13/NSWO0107/2014/AU
g5 | KT239635 MoV GILP16/GII.13 strain Hu/GIL.P16 GII.13/NSWA1206/2013/A0
[ Hu/GIIL.13/MNeV9/2016/BG
KJ4T73826 Hu/GILP16 GIL13/PR1395/2012/TA
93 MG002630.1 Morovirus Gl strain Hu/GILP16 Gll.4 Sydney2012/BNE1/2017/AL
38 [ KY887605.1 Morovirus Gll isolate Hu/UKS2015/GILP16 Gll.4 Sydney2012/NOR-2520

B Hu/Gl4 Sydney2012/NoV24/2017/BG
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Figure 1. A phylogenetic tree showing the genetic relationships between the Bulgarian norovirus genotypes of genogroup Gll and those distributed in Europe and
the world regarding part of the VP1 gene encoding the capsid protein. Open circle marks the reference strain for genotype 17; open triangle - variant Kawasaki323,
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Kawasaki323 proven in 2014 in Japan, as well as to
those proven in the period 2014-2016 in the USA,
China, Italy and France. Norovirus strains isolated
in Pravets (2015) and from sporadic cases in our
country (2016) were similar to the Kawasaki308
variant, proven in Japan in 2015, as well as in China,
Poland and Korea (Figure 1).

These that
noroviruses of genotype 17 were the cause of the

results conclusively demonstrated
acute gastroenteritis outbreak that occurred at the
kindergarten.

DISCUSSION

Cases of VEI caused by rotaviruses are subject
to monitoring and reporting in Bulgaria. Very
rarely, other causes of acute gastroenteritis are
sought. However, in case an epidemic outbreak of
gastroenteritis involving the members of a closed
collective (kindergarten, school, mass events with a
common source of food and/or water) is suspected,
samples for diagnosis of other enteric viruses are
also sent to the reference laboratory.
During the hospitalization of two children attending
the kindergarten in the village of Resilovo with
characteristic symptoms, the infectious disease
specialist of the hospital suspected a norovirus as
the causative agent . Consequently, samples from
children, as well as from some of the staff members
were sent to NRL "Enteroviruses" for investigation.
Genogroup llnoroviruses were detectedin sixsamples
(five samples from children and in one sample from
staff) or in 27.3% (6/22) of the specimens. Four of
the samples were successfully sequenced and the
genotyping tool identified genotype 17 (GIl.17).
Until
epidemic outbreaks of AGE worldwide was Gll.4,

recently, the dominant genotype causing
characterized by rapid evolution rates through
mutations and recombinations. For this reason, a
new variant capable of causing outbreaks appeared
every 2-3 years.

For nearly 10 years, in several European and Asian
countries, another genotype has been dominant in
sporadic cases or epidemic outbreaks, i.e. GIl.17.
NoV genotype 17 (GII.17) was first described in the
late 1970s in French Guiana (15) and has periodically
been associated with sporadic cases or outbreaks of
AGE in Africa, Asia and Europe. During the 2014/2015

season, it replaced the dominant at that time Gll.4
Sydney in several countries worldwide - China, Japan,
Italy, Romania, and the Netherlands (16-21).

Gll.17 was first detected in Bulgaria in 2015 as the
causative agent of an AGE outbreak in a secondary
school in the town of Pravets.

Subsequent phylogenetic analyses revealed that
the Bulgarian strains from Resilovo were genetically
related to GIl.17, variant Kawasaki323 proven in
2014 in Japan, as well as to those proven in the
period 2014-2016 in the USA, China, Italy and France.
Norovirus strains from Pravets (2015) and sporadic
cases (2016) in our country, showed similarity with
the Kawasaki308 variant, proven in Japan in 2015, as
well as in China, Poland and Korea.

In-depth
phylogenetic analysis, show the specific genotype

studies, based on sequencing and
of the causative agent. The sufficiently large genetic
similarity between the proven noroviruses, as well
as the available epidemiological data, conclusively
pointed out the cause of the epidemic outbreak.

To protect public health, continuous monitoring
and targeted search for viral intestinal agents are
essential, regardless of the transient and usually mild
course of the disease. Also, continuous monitoring
ensures the timely detection of new genotypes and/

or variants with serious epidemic potential .
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