
Human noroviruses are positive-sense RNA virus-
es that cause nearly 685 million cases of acute gas-

troenteritis worldwide per year, including ≈200 mil-
lion cases in children, resulting in 50,000 child deaths 
(1). The disease is a substantial burden to healthcare 
systems and carries a global economic cost of ≈US $65 
billion each year (2). Noroviruses are shed and usually 
transmitted through the fecal–oral route. However, 
outbreak investigations have suggested vomiting is a 
major contributor to transmission; norovirus has been 
detected in vomitus (3–5) and oral mouthwash sam-
ples (6). Despite this documented role in transmission, 
data on viral loads are limited, and information about 
infectivity in vomit is lacking (3–5,7).

A Norwalk virus (genus Norovirus) human chal-
lenge trial found that 56% of vomit samples contained 
detectable virus, and the median titer was 4.1 × 104 
genomic equivalents (GEq)/mL (7). Another study 
reported that nearly half of the participants suffered 
vomiting postchallenge and on average shed up to 8.0 
× 105 GEq/mL in vomit for the Norwalk virus and 3.9 
× 104 GEq/mL in vomit for the 2 GII strains studied 
(4). The presence of intact virions in vomit was also 
reported in an early human challenge study with the 
Norwalk virus (8). These intact virions were detect-
ed by immune electron microscopy in concentrated 

vomit from 1 of the 5 challenge volunteers. These 
studies indicate that vomit could be a source of major 
spread of noroviruses, but the presence of infectious 
virus in vomit has not been reported.

The Study
To determine the presence of infectious virus in vomit, 
we used the human intestinal enteroid (HIE) culture 
system to culture vomit samples positive for norovirus. 
The system was previously used to replicate human 
noroviruses from fecal samples (9). HIE cultures were 
established using biopsy specimens from patients who 
underwent gastric bypass (ethics permission no. 2019–
00600, Linköping Ethical Board, Linköping, Sweden). 
Written informed consent was obtained from all partic-
ipants. We obtained 28 PCR-positive norovirus vomit 
samples collected for routine diagnosis from persons 
with acute gastroenteritis from Karolinska University 
Hospital (Stockholm, Sweden) and University Hospi-
tal of Linköping. The vomit samples were anonymized 
when received, and only information regarding the 
initial cycle threshold (Ct) value was provided. Decod-
ed clinical samples without person-related data and 
traceability that have not been taken for research pur-
poses do not require ethics or legal clearance according 
to The Swedish Ethics Review Authority.

The norovirus Ct values in the diagnostic PCRs 
ranged from 13.4 to 31.7. A previous study using fecal 
samples observed that the replication rate dropped 
substantially when 1.9 × 103 GEq were used as inocu-
lum for infection (10), whereas another study report-
ed loss of infectivity at higher Ct values (11). Of 28 
vomit samples, 20 that had Ct values of <26 had 8.9 
× 106 to 1.6 × 1010 GEq/mL (Table); the remaining 8 
vomit samples had <1 × 106 GEq/mL (in undiluted 
vomit) and were excluded from further evaluation.

Infectivity was tested on 5-day-old differentiated 
HIEs established from the jejunum of persons who had 
undergone gastric bypass surgery. Initial screening to 
determine infectivity of vomit samples was done with 
2 different HIEs (HIE 003 and HIE 004) isolated from 
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A	typical	clinical	symptom	of	human	norovirus	infection	
is	projectile	vomiting.	Although	norovirus	RNA	and	viral	
particles	have	been	detected	in	vomitus,	infectivity	has	
not	yet	been	reported.	We	detected	replication-compe-
tent	norovirus	 in	25%	of	vomit	samples	with	a	13-fold	
to	714-fold	increase	in	genomic	equivalents,	confi	rming	
infectious	norovirus.



Replication	of	Norovirus	from	Vomit	Samples

secretor-positive persons (i.e., having a functional fu-
cosyltransferase 2 gene). Both HIEs showed similar 
replication for the same 5 vomit samples. Next, we 
used HIE 003 for infection in triplicates with 2 techni-
cal repeats during quantitative reverse transcription 
PCR (qRT-PCR) (Figure). Norovirus genotypes in the 
vomit samples were determined by nucleotide se-
quencing. We defined infection as a >10-fold increase 
in GEq 72 hours postinfection (hpi) compared with 2 
hpi, determined by qRT-PCR. We compiled details 
regarding the qRT-PCR method and the isolation, 
culturing, genotyping or phenotyping, and infection 
of HIEs (Appendix, https://wwwnc.cdc.gov/EID/
article/27/8/21-0011-App1.pdf).

Partial nucleotide sequencing of the norovirus 
capsid region showed that 16 of the 20 vomit samples 
contained GII.4 norovirus genotype (belonging to GII.4 
genotype Sydney 2012 variant), 3 contained GII.2, and 
1 contained GII.17 norovirus genotype (Table). In the 
HIE infectivity assay, 5 of the vomit samples resulted 
in an increase in GEq, ranging from 13-fold to 714-
fold at 72 hpi compared with 2 hpi; all these samples 
contained GII.4 noroviruses (Figure). The percentage 
of vomit samples (31.2%) containing GII.4 norovirus 
that successfully replicated is similar to that reported 
by Constantini et al. (10) using fecal samples positive 
for norovirus by PCR (25.6%). Of the 4 vomit samples 
containing GII.2 (n = 3) and GII.17 (n = 1), none dem-
onstrated any replication in HIE, despite 2 GII.2 and 1 
GII.17 vomit samples having similar or higher GEq in 
the inoculum compared to the fecal samples that could 
be successfully replicated in Constantini et al. (10). Of 
note, this finding might be because of the small num-
ber of GII.2-containing vomit samples and GII.17-con-
taining vomit samples tested; not all fecal samples with 
high viral loads can be successfully replicated (10).

Conclusions
A previous study reported that fecal suspensions that 
showed successful norovirus replication in HIE cul-
tures contained 1.9 × 103 to 1.7 × 107 GEq in the in-
oculum, regardless of genogroup or genotype (10). In 
our study, the GII.4 norovirus that could be success-
fully replicated contained a similar viral load (9.55 × 
104 to 1.61 × 107 GEq) in the inoculum used for in-
fection. Vomit samples that failed to show norovirus 
replication had of 8.91 × 103 to 1.66 × 106 GEq in the 
inoculum used for infection (Table), which suggests 
that viral load is not the sole criterion for successful 
infection in HIEs, as has been reported for norovirus 
cultured from feces (10). Because the vomit samples 
in this study were anonymized, no information be-
side the initial norovirus Ct value was available.  

Factors such as long-term storage (12) and the time 
of collection postinfection (13) might affect infectivity 
and cannot be ruled out. Repeated freeze-thaw cycles 
could also influence the infectivity of viruses, possi-
bly because of the disruption of the capsid proteins, 
which could degrade the viral genome. However, 
Richards et al. (12) reported that norovirus capsid 
integrity is not compromised after repeated freeze-
thaw cycles. Therefore, despite not knowing the exact 
long-term storage conditions in the 2 hospitals that 
provided the vomit samples (although most were 
stored at −70°C for <3 years), variation in infectivity 
should not have been caused by multiple freeze-thaw 
cycles. The time of sample collection also might influ-
ence infectivity. Samples should be collected within 
the first 24 hours after symptom onset. Norovirus can 
be shed in feces for >7 days, but no studies report in-
fectivity after the initial 48–72 hours after symptom 
onset (13). Although qRT-PCR is standard for detect-
ing norovirus RNA, it does not distinguish infectious 
virus particles from noninfectious virus particles (10).

Although an estimate of the 50% human in-
fectious dose (HID50) in vomit containing virus is 
unknown, it has been calculated to be ≈2,800 GEq 
for secretor-positive persons challenged with the 
Norwalk virus (7). Comparing the RNA levels in 
vomit and feces (on the basis of human challenge 
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Table. Details	of	the	norovirus	genotypes	and	titers	in	the	20	
vomit	samples	tested	for	norovirus	infectivity	in	human	intestinal	
enteroids* 
Sample	name Genotype† Titer,	GEq/mL‡ 
V1 GII.4§ 7.86	 109 
V2 GII.4 1.36	 109 
V3 GII.4 5.28	 108 
V5 GII.4 1.44	 108 
V6 GII.2 8.55	 107 
V8 GII.4 1.16	 108 
V11 GII.17 1.21	 108 
V12 GII.4 1.25	 107 
V18 GII.2 5.41	 107 
V19 GII.4 2.00	 108 
V20 GII.2 8.73	 108 
V21 GII.4 5.92	 107 
V22 GII.4 1.91	 107 
V23 GII.4 2.83	 108 
V24 GII.4 1.66	 109 
V25 GII.4 1.61	 1010 
V29 GII.4 1.51	 108 
V30 GII.4 8.91	 106 
V32 GII.4 9.55	 107 
V33 GII.4 3.52	 108 
*Bold	indicates	vomit	samples	that	showed	successful	norovirus	
replication.	GEq,	genomic	equivalent. 
†Norovirus	genotype	determined	by	partial	sequencing	of	the	VP1	gene	
encoding	the	major	capsid	protein. 
‡Norovirus	titer	(GEq/mL)	in	undiluted	vomit	used	to	infect	human	
intestinal	enteroids.	100µL	of	1:100	diluted	sample	was	used	as	inoculum. 
§All	GII.4	norovirus	detected	belonged	to	the	GII.4	Sydney	2012	variant.	 
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studies with the Norwalk virus), it was estimated 
that 1 mL of vomitus contained up to 9,000 HID50 
of virus (7). The combination of a low infectious 
dose and a large quantity of virus in vomit led to 
the suggestion that each vomiting event has the po-
tential to infect >150,000 persons (4). In our study, 
we found that >95,500 GEq per inoculum was suf-
ficient for infection of HIEs. Considering the differ-
ent models studied (human vs. in vitro), the use of 
strains from different genogroups, and fecal versus 
vomit inoculum, the similarity in infectious dose  
is noteworthy.

In conclusion, this study demonstrates that noro-
virus contained in vomit is infectious. Aerosols and 
droplets from vomiting could be a source of norovi-
rus transmission.
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Figure. Replication	in	human	intestinal	enteroids	of	norovirus	
from	vomit	samples.	Differentiated	human	intestinal	enteroid	
monolayers	were	inoculated	with	norovirus-positive	vomit	
samples.	The	number	of	norovirus	GEq	was	quantified	by	reverse	
transcription	quantitative	PCR,	2	hours	and	72	hours	postinfection.	
Five	of	20	vomit	samples	showed	viral	replication	(defined	as	a	
>10-fold	increase	in	the	GEq).	Data	are	presented	as	the	mean	
+SD	of	biologic	triplicates.	The	inoculum	for	vomit	samples	that	
demonstrated	viral	replication	were	as	follows:	V1,	7.9	×	106	GEq/
well;	V2,	1.4	×	106	GEq/well;	V8,	1.2	×	105	GEq/well;	V25,	1.6	×	107	
GEq/well;	and	V32,	9.6	×	104	GEq/well.	The	dotted	lines	represent	
quantitative	reverse	transcription	PCR	limit	of	detection.	GEq,	
genomic	equivalent.
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Vomit Samples  
Appendix 

Materials and Methods 

Isolation, Maintenance and Differentiation of Human Intestinal Enteroids  

Human intestinal enteroid (HIE) cultures were established by isolating 

intestinal stem cells from the jejunum section of the small intestine by using biopsy 

specimens from patients who underwent gastric bypass (ethical permission no. 2019–

00600, Linköping Ethical Board, Sweden). Written informed consent was obtained 

from all participants. The intestinal crypts were isolated and the stem cells were 

maintained in 3D-Matrigel domes as described previously (1) with minor 

modifications. Differentiation of HIEs in monolayers for infection studies was 

performed as described previously (1). 

Infection of HIEs with Norovirus Samples 

Vomit samples were diluted 1:100 in GIBCO Advanced DMEM/F12 

(ThermoFisher Scientific, https://www.thermofisher.com), vortexed, and centrifuged 

at 13000 × g for 5 min to remove debris. Before infecting, the 5-days differentiated 

HIE monolayers were washed twice with GIBCO Advanced DMEM/F12. Then, 100 

µL of inoculum containing 500 µM glycochenodeoxycholic acid were added onto the 

cells for 2 h and incubated at 37°C and 5% CO2. After 2 h, the monolayers were 

washed twice, before incubating the cells in 100 µL DM supplemented with 500 µM 

glycochenodeoxycholic acid at 37°C and 5% CO2 for 72 h. 

Determination of Secretor Phenotype by α1,2 Fucose Staining 

To determine the secretor phenotype of the HIEs used for infection, 

fluorescein isothiocyanate–conjugated Ulex europaeus Agglutinin I (UEA-I) (Sigma 

Aldrich, https://www.sigmaaldrich.com), which has α1,2-fucose binding specificity, 

was used. In brief, the HIE monolayers were fixed with 4% formaldehyde for 1 h at 

https://doi.org/10.3201/eid2708.210011
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RT, then washed twice with phosphate-buffered saline. Next, the cells were incubated 

with fluorescein isothiocyanate–conjugated UEA-I (1:100 dilution, 1 mg/mL) for 1 h 

at RT in the dark. The cells were then washed twice and incubated with 4,6-

diamidino-2-phenylindole (DAPI) for 5 min, washed twice with phosphate-buffered 

saline, and observed by using a DMi8 fluorescence microscope (Leica Microsystems, 

https://www.leica-microsystems.com/). 

Genotypic Characterization of FUT2 Gene 

Genomic DNA was isolated from the HIEs by using QIAGEN QIAamp DNA 

Kit as per manufacturer’s instructions (QIAGEN, https://www.qiagen.com). Region 

of the exon 2 of the FUT2 gene spanning the G428A mutation was amplified as 

described previously (2). Sanger sequencing of the amplified products was performed 

by Macrogen (https://dna.macrogen-europe.com). 

Viral RNA Extraction 

Viral RNA was extracted by using the QIAGEN QIAamp Viral RNA Mini Kit 

(QIAGEN). After 2 h or 72 h of norovirus infection, enteroids were lysed with AVL 

lysis buffer and the remaining steps for RNA extraction were performed per the kit 

manufacturer’s instructions. The eluted RNA was used for cDNA synthesis. 

cDNA Synthesis 

cDNA synthesis was performed by using the iScript cDNA Synthesis Kit 

(Bio-Rad, https://www.bio-rad.com). Each reaction contained 2 µL of 5× iScript 

Reaction Mix, 0.5 µL of iScript reverse transcriptase, 2.5 µL of nuclease-free MilliQ 

H2O, and 5 µL of extracted viral RNA. The reaction mix was subjected to a priming 

step at 25°C for 5 min, followed by a reverse transcription step at 46°C for 40 min 

and an enzyme inactivation step at 95°C for 1 min. The cDNA was either directly 

used for norovirus quantitative PCR (q-PCR) or stored at −20°C. 

Determining Norovirus Replication Using q-PCR 

For analysis of viral replication, q-PCR was used to compare virus genomic 

equivalents at 2 and 72 hours postinfection (hpi). The q-PCR was performed by using 

TaqMan Universal Probes Supermix, 400 nM NVGIIF 

(CGYTGGATGCGNTTCCATGA) primer, 400 nM NVGIIR primer 

(GTCCTTAGACGCCATCATC), and 200 nM GII Probe 

([HEX]TGGGAGGGCGATCGCAATCT[BHQ1]), as previously described (3–5). 
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The initial denaturation step at 95°C for 3 min was followed by 45 cycles of 95°C for 

5 s and 60°C for 30 s. Plasmids containing norovirus GII genogroup gene segment 

were used as standards to estimate genomic equivalents. 

Genotyping Norovirus Samples 

To determine norovirus genotypes in vomit samples, a seminested PCR was 

performed to amplify a region encoding the major capsid protein, VP1. For the first 

round of amplification, the primers NVGIIF and G2SKR 

(CCRCCNGCATRHCCRTTRTACAT) were used. In the second round, G2SKF 

(CNTGGGAGGGCGATCGCAA) and G2SKR were used to amplify the PCR 

product of the first round (6). Both PCR runs consisted of an initial denaturation step 

at 94°C for 4 min and 40 cycles of 94°C for 30 s, 50°C for 30 s, and 72°C for 1 min, 

followed by a final elongation at 72°C for 7 min. Sanger sequencing of the amplified 

products was performed by Macrogen. A web-based open-access norovirus automated 

genotyping tool was used to assign the norovirus genotypes (7). The nucleotide 

accession numbers are MW419854–MW419873. 
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