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ABSTRACT
Worldwide, rotavirus (RVA) and norovirus are considered major etiological agents of acute gastroenteritis 
(AGE) in pediatric population admitted to hospitals. This study describes the investigation of nosocomial 
infections caused by emergent RVA and norovirus strains reported at a pediatric hospital in southern Brazil 
in May 2019. This outbreak affected 30 people among children and adults. Nine stool samples (eight 
children and one nurse) were obtained and analyzed by RT-qPCR to detect and quantify RVA and 
norovirus. Positive samples were genotyped by sequencing and subjected to phylogenetic analysis. We 
detected RVA in 44.4% (4/9) and norovirus in 55.5% (5/9) at high viral loads, ranging from 3.5 × 107 to 
6.1 × 107 and 3.2 × 102 to 3.2 × 109 genome copies/g of stool, respectively. Co-infections were not 
observed. RVA VP4 and VP7 gene sequencing in combination with polyacrylamide gel electrophoresis 
identified the circulation of equine-like G3P[8] DS-1-like, and the partial sequencing of the other nine 
genes revealed that strains possessed I2-R2-C2-M2-A2-N1-T2-E2-H2 genotype background. The emergent 
recombinant norovirus variant, GII.4 Sydney[P16], was identified by ORF1-2 sequencing. Active surveil-
lance and effective prevention measures should be constantly reinforced to avoid the spread of nosoco-
mial viral infections into hospitals, which could severely affect pediatric patients admitted with underlying 
health conditions.
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Viruses are the main cause of nosocomial enteritis in infants,1 

and rotavirus (RVA) and norovirus are considered major etio-
logical agents responsible for acute gastroenteritis (AGE) in 
children admitted to hospital.2 The role in nosocomial infec-
tions of RVA and norovirus has been demonstrated, but 
remains poorly investigated.3 In Brazil, childhood diarrhea 
deaths and hospital admissions have declined in 52.5% until 
2018 since the introduction of RotarixTM vaccine in 2006.4 

Unusual combinations of RVA and norovirus have been 
detected in several countries. More recently, the equine-like 
G3P[8] DS-1-like rotavirus strain,5–8 and the recombinant 
GII.4 Sydney[P16] norovirus have been associated with an 
increased number of AGE cases and outbreaks worldwide, 
especially in closed and semi-closed settings, such as cruise 
ships, schools and hospitals.9–11

Nosocomial infections are of critical relevance once affects 
inpatients with underlying conditions affecting their vulner-
able condition. In Brazil, the investigation of AGE in hospital 
settings is rare, especially linked to enteric viruses’ pathogens.12 

Here, our goal was to describe a nosocomial AGE outbreak 
simultaneously caused by two emergent enteric viruses that 
occurred among hospitalized children and adults in 
a pediatric hospital in southern Brazil. We identified and 

genetically characterized RVA and norovirus strains detected 
in the stool specimens of symptomatic inpatient children.

On May 6th, 2019, the Surveillance Epidemiology System of 
a pediatric hospital located in Rio de Janeiro, Brazil, was notified 
of an ongoing AGE outbreak. Stool samples with clinical medical 
records were sent to the Laboratory of Comparative and 
Environmental Virology, Fiocruz that houses the Regional 
Rotavirus Reference Laboratory (RRRL), Brazilian Ministry of 
Health (MoH). Samples were manipulated anonymously. Patient 
identifiers including personal information (name and address) and 
hospitalization number were removed to protect patient confidenti-
ality. This study was conducted within the scope of the RRRL/MoH, 
as part of a federal public health policy for Rotavirus control and 
prevention in Brazil. For the reasons, Fiocruz Ethical Committee 
approval (CAAE: 94144918.3.0000.5248) was obtained without the 
requirement of an informed consent.

Viral RNA was extracted from 140 µl of the supernatant 
using QIAamp® Viral RNA Mini kit (QIAGEN, Valencia, CA, 
USA). A TaqMan®-based quantitative one step RT-PCR (RT- 
qPCR) was used for viral detection and quantification. Primers 
and probes targeting the conserved NSP3 gene segment for 
RVA13 and targeting the norovirus conserved genome ORF1/2 
junction region14 were used as previously described.

COTACT Meylin B. Gutierrez meylin.gutierrez@ioc.fiocruz.br; meylinbautista@gmail.com Laboratório de Virologia Comparada e Ambiental, Instituto Oswaldo 
Cruz, , Rio de Janeiro RJ, Brasil

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2021, VOL. 17, NO. 11, 4654–4660 
https://doi.org/10.1080/21645515.2021.1963169

© 2021 Taylor & Francis Group, LLC

http://orcid.org/0000-0003-3450-2773
http://orcid.org/0000-0001-9365-3665
http://orcid.org/0000-0002-5412-3896
http://orcid.org/0000-0002-9171-5022
http://orcid.org/0000-0003-3470-8093
http://orcid.org/0000-0001-9654-0172
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2021.1963169&domain=pdf&date_stamp=2021-12-29


For genetic characterization by nucleotide (nt) sequencing, 
RVA- and norovirus-positive samples were subjected to con-
ventional RT-PCR followed by Sanger sequencing of purified 
amplicons. RVA VP7 and VP4 genes were amplified using 
consensus primers of 9Con1L/VP7R-DEG and 4Con3/4Con2 
generating amplicons of 896 base pairs (bp) and 889 bp, 
respectively.15 In addition, two samples were subjected to 
Sanger sequencing to amplify the other nine gene segments. 
The primers used for partial amplification of NSP1-5 and VP6 
genes were GEN_NSP1F/GEN_NSP1R, GEN_NSP2F/ 
GEN_NSP2R, GEN_NSP3F/GEN_NSP3R, GEN_NSP4F/ 
GEN_NSP4R, GEN_NSP5F/GEN_NSP5R and GEN_VP6F/ 
GEN_VP6R, respectively,16 generating amplicons of 1581 bp 
for NSP1, 1059 bp for NSP2, 1104 bp for NSP3, 750 bp for 
NSP4, 659 bp for NSP5 and 1356 bp for VP6. The partial 
characterization of VP1-3 genes was performed using primers 
according to Varghese et al.17 generating amplicons of 686 bp 
for VP1, VP2 and 702 bp for VP3.

In addition, RVA dsRNA segment migration profiles were 
analyzed by polyacrylamide gel electrophoresis (PAGE).7,18 For 
norovirus dual genotyping, amplification was performed tar-
geting the ORF1/ORF2 overlap as previously described by 
Cannon et al.19

PCR amplicons were purified using the ExoSAP-IT PCR 
Product Clean-up kit (ThermoFisher Scientific), and sequen-
cing reactions were performed using both forward and reverse 
primers with the ABI Prism Big DyeTM Terminator V. 3.1 
Cycle Sequencing Ready Reaction Kit™ on an ABI Prism 3730 
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
by Genomic Platform of DNA sequencing PDTIS/Fiocruz. 
Chromatogram analysis and consensus sequences were 
obtained using Geneious Prime 2020.1.2 (Biomatters Ltd, 
Auckland, New Zealand), and phylogenetic trees were con-
structed in MEGA X v. 10.1.7,20 with reference sequences 

obtained from the National Center for Biotechnology 
Information (NCBI) database. The nt sequences in this study 
were deposited in the GenBank database under the accession 
numbers: MT062416 to MT062419; MT063060 to MT063067 
and MZ361321 to MZ361337.

From May 3rd to 12th 2019, an AGE outbreak occurred in 
a hospital located in Rio de Janeiro. In total, the outbreak 
involved 30 people: 21 inpatient children less than 5-y old from 
the same ward (pediatric and infectious unit), seven hospital staff 
members and two accompanying mothers. From the total cases, 
nine stool samples were obtained; eight samples from inpatient 
children and one from a staff nurse. RVA was detected in 44.4% 
(4/9) of stool samples. From these, three samples were from 
inpatient children and one from the staff nurse (Table 1). 
Norovirus was detected in 55.5% (5/9), all from hospitalized 
children (Table 1). Patients enrolled in the study were aged 
between 3 months and 1 y, and were admitted to the Pediatric 
and Infectious Unit for a diagnosis other than gastroenteritis, 
where diarrhea (liquid stool, with or without fever) and vomit 
were the major symptoms observed (Table 1). Evaluating RVA 

Table 1. Epidemiological and clinical features of patients involved in diarrhea outbreak at a pediatric care hospital in Rio de Janeiro, Brazil, 2019.

Patient ID
Age/ 

Gender
Initial diagnosis for 

hospitalization
Date of 

hospitalization

Diarrhea

Symptom RV1 Vaccine Virus detected
Symptom 

onset
Stool 

collect

30162 10 m/F Bronchopulmonary dysplasia July 1st 2018 May 3rd May 6th Diarrhea 
Vomiting 
Dehydration

No Rotavirus

30171 1y/M Cystic fibrose May 4th 2019 May 12th May 13th Diarrhea 
Vomiting 
Fever 
Cough

1 dose Rotavirus

30173 5 m/M Congenital heart disease February 15th 2019 May 9th May 9th Diarrhea 
Vomiting

No Rotavirus

30168 1y/F Down’s syndrome April 27th 2019 May 9th May 13th Diarrhea NI Norovirus
30178 3 m/M Chikungunya March 9th 2019 May 10th May 15th Diarrhea 

Vomiting
No Norovirus

30167 1y/M Bronchodysplasia May 1st 2019 May 5th May 9th Diarrhea 
Vomiting 
Cough

1 dose Norovirus

30169 1y/M Respiratory acute May 8th 2019 May 9th May 9th Diarrhea 
Vomiting

1 dose Norovirus

30174 1y/F Urinary infection April 29th 2019 May 8th May 9th Diarrhea 
Vomiting 
Abdominal pain 
Inappetence

NI Norovirus

30177 36y/M ____ ____ May 13rd May 15th Diarrhea 
Fever 
Abdominal pain 
inappetence

No Rotavirus

NI: not informed; F, female; M, male.

Table 2. Viral load and genotyping of the patients involved in an outbreak of RVA 
and norovirus associated with gastroenteritis at an infirmary of pediatrics and 
intensive care unit in Rio de Janeiro, Brazil, 2019.

Patient 
ID

Hospital 
unita

Ct 
values

Viral load (GC/ 
g)b

RVA or norovirus 
genotypes

30162 IOP-ICU 21.2 1.3 × 107 G3P[8]
30171 IOP 18.9 6.1 × 107 G3P[8]
30173 IOP-ICU 20 3.0 × 107 G3P[8]
30177 IOP 16.1 4.0 × 108 G3P[8]
30168 IOP 17 2.2 × 108 GII.4[P16]
30178 IOP 16.4 3.3 × 108 GII.4[P16]
30167 IOP 13 3.2 × 109 GII.4[P16]
30169 IOP 37 3.2 × 102 GII.4[P16]
30174 IOP 15 8.4 × 108 GII.4[P16]

aIntensive Care Unit (ICU), infirmary of pediatrics (IOP). 
bGenome copies per gram (GC/g) of stool.
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and norovirus RNA shedding, we detected a broad range of viral 
loads, varying from 1.3 × 107 to 4 × 108 GC/g and from 3.2 × 102 

to 3.2 × 109 GC/g of stool, respectively (Table 2).
RVA VP4 and VP7 genes sequencing demonstrated that 

the isolates clustered into P[8] lineage 3 and G3 lineage 1, 
respectively, that comprises the equine-like G3P[8] human 
strains.5–8,21,22 The sequences share 99.5% to 99.7% of 
nucleotide (nt) identity with previously reported G3P[8] 
strains from Brazil (KX469407, KX469400, MH569776 and 
MH569778), Spain (KU550297), Italy (MK158256), 
Hungary (KU870415), Australia (KU059782), Germany 
(KX880414) and Indonesia (LC260217) (Figure 1). The 
phylogenetic analysis of the other genes from two samples 
revealed that the strains exhibited an I2-R2-C2-M2-A2-N1- 
T2-E2-H2 genotype background (Figure 2). The atypical 
equine-like G3P[8] DS-1-like reassortment origin was 
further confirmed by PAGE, where the four samples 
showed a short electropherotype pattern.

The GII.4 Sydney[P16] norovirus was detected in 100% 
(n = 5) of samples. The sequences from our study showed 
high nucleotide similarity (varying from 98.8% to 99.2%) 
with sequences from this same recombinant strain detected 
in Espírito Santo state, southeast Brazil, as well as from 
sequences from Australia, United States and Japan isolated in 
the years of 2016–2018 (Figure 3).

Viruses are important causes of nosocomial infection in 
pediatric populations.1 Infections raise the costs for the public 
health system associated with the duration of hospital stay, re- 
hospitalization loss of working days for parents and staff. 
Moreover, nosocomial infections are associated with the wor-
sening of symptoms and clinical conditions mostly in children 

affected by severe diseases.23 The prolonged shedding of virus 
can represent a risk for spreading of the viruses, leading to 
hospital-acquired infections and outbreaks.24

In the present study, we reported a nosocomial AGE out-
break caused by RVA and norovirus in a pediatric hospital in 
Rio de Janeiro, Brazil. Recently, a study of nosocomial infection 
described a norovirus-related outbreak at neonatal and pedia-
tric intensive care units in southeastern Brazil, where the gen-
otype GII.4 Sydney[P31] was detected in four from six 
symptomatic children.12 Another study performed in Brazil 
investigating viral infections in hospitalized children with 
AGE reported the detection of RVA, norovirus and astrovirus 
at rates of 41.9%, 30.3% and 12.7%, respectively. RVA and 
norovirus were detected in 20 of the 24 reported nosocomial 
infection cases. RVA G1[P8] and G9[P8] genotypes were char-
acterized, and norovirus GII.21 genotype was firstly detected in 
Brazil from these samples.25 A study conducted in Italy showed 
RVA in 85.5% and norovirus in 38.2% of stool samples (n = 55) 
from hospitalized children with AGE symptoms in the 
Children’s Hospital in Rome. The predominant RVA genotype 
was G4P[8] followed by G1P[8], and GII.4 was the predomi-
nant norovirus genotype detected. Mixed RVA infections were 
also detected. This study demonstrated that young children 
admitted to hospitals are at risk of exposure to infections due 
to their condition of vulnerability and the lack of a mature 
microbiota.3

In our study, during the outbreak, none of the children that 
tested positive for RVA had the full RotarixTM scheme com-
pleted (Table 1), probably due to the contraindication of being 
administered in children with primary and secondary immune 
deficiencies.26 Two children, who did not receive any dose, 

Figure 1. Phylogenetic analyses based on VP7 (a) and VP4 (b) nucleotide (nt) sequences of circulating Brazilian rotavirus strains. The trees were generated in MEGA 
X using the best fit model, with the Maximum likelihood method based on the Kimura 2-parameter model and the bootstrap tests (2,000 replicates). Strains obtained in 
this study are marked with a black filled circle. Reference strains were downloaded from GenBank and all strains were labeled with RVA group, species of origin followed 
by country, common name, year, G and P genotype, number access. Bootstrap values above 70% are given at branch nodes.
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presented severe dehydration and were rapidly transferred to 
the Intensive Care Unit (ICU). However, as the number of 
affected patients was small, it is not possible to draw any 
correlation with regard to the vaccination status and severity 
of the symptoms. Nevertheless, concerning the equine-like 
G3P[8] detection, it is been described its emergence and dom-
inance in countries using RotarixTM vaccine at national level, 
in both vaccinated and unvaccinated patients.5–7,27

The index case reported was a 10-month-old child, who had 
been hospitalized since its birth. Initial symptoms observed 
were diarrhea, nausea and fever, resulting in severe dehydra-
tion that led to ICU admission. After that, subsequential 
patients and staff contacts showed AGE symptoms and RVA 
and norovirus GII were detected from symptomatic patients. 
Due to the high transmissibility of both viruses, demonstrated 
by their high viral load (>107 GC/g of stool samples), and by 
the fact that asymptomatic infections are well described for 
both viral agents, it is possible that asymptomatic carriers, such 
as family members or healthcare staff, could have introduced 

and which may favor transmission the viruses through close 
contact during visits or routine examination.

We did not detect any co-infections among the sympto-
matic patients or staff tested, and it was not investigated any 
asymptomatic case. This is a limitation of our study, since 
asymptomatic testing could indicate or help to track the source 
of infection. Also, insights on genetic susceptibility of RVA and 
norovirus infections could be explored with the inclusion of 
asymptomatic patients. Concerning the origin of the nosoco-
mial infection, the main vectors of transmission are contami-
nated (mostly asymptomatic) healthcare workers and family 
member visitors.28

In our study, it is worth mentioning that it was not possible 
to track the source of viruses’ introduction in the hospital. As 
the outbreak was not widespread among many patients, it is 
unlikely that it was transmitted via contaminated food or 
water. An interesting aspect of our study is that the nosocomial 
infections were caused by two different viral agents, probably 
introduced into the hospital by different carriers. Hand 

Figure 2. Phylogenetic analyses based on NSP1–NSP5, VP1-VP3, VP6 nucleotide (nt) sequences of circulating Brazilian human RVA strains. The strains obtained in this 
study that are marked with a filled black circle such as the reference strains that were downloaded from GenBank were both labeled as follows: RVA group, species of 
origin, country, common name, year, G and P genotype, number access and functions of the proteins (blue letter). Neighbor-joining phylogenetic trees were 
constructed with MEGA X software and bootstrap tests (2000 replicates) based on the Tamura 3-parameter models T92 + G (NSP3 – NSP5, VP3, VP6), T92 + I (NSP1, 
NSP2) and Tamura-Nei TN93 + G (VP2, VP1). Bootstrap values above 70% are given at branch nodes.
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washing, glove discharge (changed between patients), isolation 
of children with diarrhea and limitation of “traffic” around 
patients (short visits, patient transport) are preventive mea-
sures that should be routinely used to minimize the impact of 
nosocomial infections. Recent studies have demonstrated the 
emergence and spread of equine-like G3P[8] DS-1-like strains 
worldwide, including Brazil.7,8,21,22 A recent study from our 
group demonstrated the dominant circulation of the G3P[8] 
genotype in eleven states Brazilians, with detection rates of 
83.7% in 2018 and 65.5% in 2019.15

In the present study, RVA sequences showed an I2-R2-C2- 
M2-A2-N1-T2-E2-H2 genotype background, belonging to 
genogroup 2 with an additional reassortment event in the 
NSP2 gene which exhibited genotype 1 (N1) of Wa-like origin. 
Similar findings, with RVA sequences exhibiting the same 
genetic profile, were already reported in Brazil6 and in 
Germany.29 The global emergence of equine-like G3P[8] DS- 
1-like strain, predominantly in countries using the Rotarix 
vaccine, raises the question of whether vaccine could induce 
selective pressures on zoonotic strains.30 It has also been 
hypothesized that protective immunity elicited against the 
fully heterotypic genotype, which belongs to the DS-1-like 

genotype constellation, might be less robust than homotypic 
protection stimulated for G1P[8] strains (Wa-like genotype 
constellation).31,32

The GII.4 Sydney[P16] norovirus detected in our study is an 
emergent and widespread genotype that has caused AGE out-
breaks in several countries worldwide.9–11 In Brazil, it was 
firstly detected in 2016 from inpatients and outpatients with 
AGE.33 More recently, it was reported a new variant (GII.4 
Hong Kong), but with limited circulation in Eurasia since mid- 
2017.34 In addition, uncommon genotypes, such as GII.17 and 
GII.2, have recently emerged linked with a rapid increase of 
cases and outbreaks in different countries worldwide.35,36

Currently, norovirus vaccines are in clinical trials (phase 
I and II); however, these vaccine candidates face the challenge 
of norovirus genetic diversity and still an unclear definition of 
cross-protection immunity among the different genotypes.37,38 

A very successful norovirus vaccine blocking onward transmis-
sion events will benefit children and unvaccinated persons 
across all age groups.39

RVA and norovirus demonstrate a high genetic diversity 
and evolution which reinforces the recommendation for 
ongoing monitoring of emergent strains. The availability of 

Figure 3. Phylogenetic trees based on polymerase (a) and capsid (b) regions of GII norovirus. Norovirus GII strains (n = 4) isolated from human samples in this study are 
shown in the phylogenetic analysis and are marked with a back filled diamond. Reference strains were downloaded from GenBank and all strains were labeled with their 
genotype followed by accession number. Maximum likelihood phylogenetic trees were constructed with MEGA X software and bootstrap tests (2,000 replicates) based 
on the Kimura 2 – parameter model. The bootstrap percentage values above 70% are shown at each branch nodes.
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rotavirus vaccines in addition to the development of an effec-
tive anti-norovirus vaccine may have a major impact in redu-
cing both community-acquired infections and as 
a consequence in nosocomial infections in children. 
Moreover, emergent strain surveillance aids in the evaluation 
of RVA vaccine efficacy, and in relation to norovirus is essen-
tial to design and adapt future vaccine candidates.

In summary, we described the simultaneous detection of the 
emergent equine-like G3P[8] RVA and GII.4 Sydney[P16] 
norovirus during a nosocomial AGE outbreak at a pediatric 
hospital in Brazil. Fortunately, prevention measures were 
implemented, and the outbreak was rapidly controlled. 
Continuous viruses’ surveillance and diagnostics should be 
constantly reinforced to early detect outbreaks to rapidly initi-
ate control protocols in order to prevent the spread of the 
disease among inpatient children susceptible, especially those 
admitted for other underlying conditions.
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