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Norovirus GII.4 Sydney 2012 has spread globally since 
late 2012. We report hospitalization of patients infected with 
this strain skewed toward infants and young children among 
174 cases during August 2012–July 2013 in Hong Kong, 
China. This group had higher fecal viral load (≈10-fold) than 
did older children and adults.

Norovirus infection is a leading cause of acute gastroen-
teritis in all age groups in industrialized and develop-

ing regions (1–3). In late 2012, a new norovirus strain of 
genogroup II, genotype 4 originating in Sydney, Australia 
(GII.4 Sydney 2012), became the predominant norovirus 
strain and caused a severe norovirus season globally (4–6). 
In Hong Kong, China, this strain caused an off-season com-
munitywide surge in acute gastroenteritis during summer 
(July–October) 2012 (6,7). We report hospital admission of 
persons with this novel strain, which was skewed toward 
infants and young children for whom fecal viral load of 
this strain were higher than for patients in other age groups.

The Study
This 1-year prospective study was conducted during 

August 2012–July 2013. The study site, Prince of Wales 
Hospital, is a 1,400-bed acute care and general teaching 
hospital that serves a population of ≈600,000 (9% of the 
Hong Kong population). Fecal specimens were routinely 
collected on the day of admission from patients who had 
acute gastroenteritis and were suspected of having noro-
virus infections, but laboratory testing for norovirus was 
performed in weekly batches. Patients whose test results 
were positive on Monday of each week were enrolled in 
this study. We measured concentration of viral RNA in fe-
cal specimens using quantitative reverse transcription PCR 
(qRT-PCR) (SuperScript III One-Step RT-PCR System 
with Platinum Taq, Life Technologies, Grand Island, NY, 
USA) and using primers and TaqMan probe targeting open 

reading frame 1/2 junction as described (8). Cycle thresh-
old (Ct) was used as a proxy measure of fecal viral load. A 
positive control for which Ct value was known was includ-
ed in each test run to check for batch-to-batch variation. We 
performed genotyping by generating an ≈500-bp amplicon 
that contained a partial RNA-dependent RNA polymerase 
and a partial major capsid gene. We used G1FF/G1SKR and 
G2FB/G2SKR primers as appropriate (8), then performed 
sequencing and phylogenetic analysis using the norovirus 
genotyping tool (www.rivm.nl/mpf/norovirus/typingtool). 
We extracted statistics on the catchment population of 
the hospital from the Hong Kong 2011 Population Census 
(www.census2011.gov.hk/en/district-profiles.html). We 
used the nonparametric Mann-Whitney U test for univari-
ate comparison of continuous variables and Fisher exact 
test for categorical variables. We performed statistical 
analyses using Prism 5.04 (GraphPad). Two-tailed p values 
<0.05 were considered statistically significant. Ethics ap-
proval was obtained from the institutional clinical research 
ethics committee (reference number CRE-2013.330).

We analyzed specimens of 174 patients admitted with 
laboratory-confirmed norovirus infection (Table). The 
number of cases peaked in September 2012, then declined 
to a low level for the remaining study period. Of the 174 
norovirus isolates collected, genotyping was successful in 
140 (80.5%). Failure in genotyping was caused by low 
viral load; no new strains were identified. GII.4 Sydney 
2012 strain accounted for most (125 [89.3%]) of the typed 
cases, followed by GII.3 (4 [2.9%]), and GII.6 (3 [2.1%]) 
(Table). The previous predominant strain, GII.4 New Or-
leans 2009, was not detected, and the GII.4 2006b strain 
was identified in 2 cases. Half of the GII.4 Sydney 2012 
cases were selected for RNA-dependent RNA polymerase 
sequencing; no evidence of a recombinant GII.4 Sydney 
2012 strain, which was reported from Denmark and Italy, 
was observed (9,10). Non-GII.4 strains were observed 
more frequently after the epidemic (November 2012–July 
2013) than during the epidemic (August–October 2012) 
(23.5% vs 1.1%; p<0.0001).

The age distribution of persons with GII.4 Sydney 2012 
and the catchment population of this study are shown in Fig-
ure1, panels A and B, respectively. The ages of study pa-
tients with GII.4 Sydney 2012 spanned all age groups from 
infants to persons >90 years of age. The median age was 3 
years (interquartile range [IQR] 1–74 years). Median age of 
patients with GII.4 Sydney 2012 and all study patients did 
not differ significantly (p = 0.96). The D’Agostino-Pearson 
normality test indicated that the age distribution did not fol-
low a Gaussian distribution (p<0.0001) but showed a strong 
positive skew toward infants and children <5 years of age. 
Among the 125 GII.4 Sydney 2012 cases, 66 (52.8%) were 
infants or children <5 years of age; the next largest group 
comprised adults >65 years of age (39 [31.2%]). A similar 
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age distribution was observed when all study cases were 
analyzed. The GII.4 Sydney 2012 fecal viral load on initial 
examination is shown in Figure 2. Higher viral load was ob-
served among infants and children <5 years of age and adults 

>65 years of age. The median viral load, as reflected by Ct, 
was highest for infants and children <5 years, next highest for 
adults >65 years of age, and lowest for the remaining group, 
respectively (16.7 [IQR 15.7–19.1] vs 19.1 [16.1–20.9] vs 
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Table. Monthly distribution of norovirus cases, Hong Kong, China, August 2012–July 2013* 

Year, month All No. typed 
GII.4 Sydney 2012, 

no. (%) 
Other GII.4 strains, 

no. (strain) Other genotypes, no. (type) 
2012      
 Aug 33 32 32 (100) 0 0 
 Sept 46 40 39	(98) 1 (2006b) 0 
 Oct 26 17 15 (88) 1 (2006b) 1 (GII.6) 
 Nov 11 9 9	(100) 0 0 
 Dec 6 2 2 (100) 0 0 
2013      
 Jan 12 9 6 (67) 0 1 (GII.6), 1 (GII.8), 1 (GII.13) 
 Feb 7 6 5 (83) 0 1 (GI.8) 
 Mar 5 3 3 (100) 0 0 
 Apr 11 10 4 (40) 0 1 (GI.4), 1 (GII.6), 3 (GII.3), 1 (GII.13) 
 May 6 4 3 (75) 0 1 (GII.3) 
 Jun 5 4 3 (75) 0 1 (GII.13 and GII.17 coinfection) 
 Jul 6 4 4 (100) 0 0 
*GII, genogroup II; subsequent number is genotype. 

 

Figure 1. Age distribution of patients with A) norovirus strain of genogroup II, genotype 4 (GII.4 Sydney 2012) and B) study catchment 
population for the Prince of Wales Hospital area, Hong Kong, China, August 2012–July 2013.



20.5 [17.6–22.3]). The median viral load of infants and chil-
dren <5 years was 5.5-fold (p<0.001) and 14.4-fold (p<0.01) 
higher than that of adults >65 years of age and the remaining 
age group, respectively. Among infants and young children, 
the highest median viral load was observed in those 12–24 
months of age, which was the group with the highest number 
of admissions (Figures 1 and 2). When all study cases were 
included, the viral load distribution was similar.

Conclusions
Noroviruses cause acute gastroenteritis in all age 

groups. However, most epidemiologic studies have fo-
cused either on community outbreaks or on a specific age 
group such as children; a recent meta-analysis concluded 
that studies involving all age groups in hospitals are lim-
ited and few (3). Our study design element of selecting no 
specific age group enabled us to determine that infants and 
young children represented approximately half of the hos-
pitalized case-patients with norovirus gastroenteritis during 
the 1-year study period, during which the newly emerged 
GII.4 Sydney 2012 strain predominated. Our findings agree 
with evidence that infants and young children are likely to 
have the highest rate of infections in health care and com-
munity settings (11–13). In our study, infants and young 
children had the highest fecal viral load, compared with 
other age groups. Similarly lower Ct in children was report-
ed in a historical cohort of norovirus gastroenteritis in the 
United Kingdom (1993–1996) (14). The higher viral load 
may relate to delayed viral clearance related to immune 
naivety. Higher fecal viral shedding also supports a recent 

mathematical model suggesting that children aged <5 years 
are more infectious than older children and adults (15).

Our study has limitations. Because only patients with 
diagnoses of norovirus made on a specific weekday each 
week were enrolled, a crude number of hospitalized pa-
tients was used instead of population-based incidence to 
estimate disease incidence. This limitation does not jeop-
ardize our conclusions because our catchment population 
pyramid is constrictive, showing fewer younger persons. 
Second, because information was not complete about 
specimen collection times after each patient’s illness on-
set, we could not adjust viral load data for specimen col-
lection date; therefore, we cannot rule out a possible bias 
that might have been introduced if younger children were 
brought to the hospital earlier during their illness than old-
er patients. Nevertheless, our finding that the most preva-
lent age group of hospitalized norovirus-infected patients 
showed the highest viral load implies that plans should be 
made and implemented for nosocomial infection control 
of this norovirus strain. Finally, whether our findings ap-
ply to other norovirus strains remains unanswered.

We showed that infants and children aged <5 years 
represent most patients hospitalized for norovirus (GII.4 
Sydney 2012) gastroenteritis, and they might have higher 
viral load than infected persons in other age groups. Our 
findings may provide public health insights into under-
standing norovirus transmission in the community.

M.C.W.C. and P.K.S.C. designed and supervised the study. 
TFL and NL provided patient care and coordinated specimen  
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Figure 2. Box-plot of fecal viral load 
of patients with norovirus strain of 
genogroup II, genotype 4 (GII.4 
Sydney 2012) at hospital admission, 
Hong Kong, China, August 2012–
July 2013. Horizontal lines indicate 
median values. Ct, cycle threshold; 
GII.4, genogroup II genotype 4; 
qRT-PCR, quantitative reverse 
transcription PCR.
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collection. M.C.W.C. and A.K.K. did laboratory testing. 
M.C.W.C. analyzed data and drafted the manuscript. All authors 
critically reviewed the manuscript and approved the final version. 
M.C.W.C. has access to all data and is responsible for the integ-
rity of the study.

Dr Martin Chan is a research assistant professor in depart-
ment of microbiology at the Chinese University of Hong Kong. 
His research focuses on epidemiology of gastrointestinal and re-
spiratory viral infections, especially those associated with norovi-
rus and influenza viruses.

References

  1.	 Payne DC, Vinje J, Szilagyi PG, Edwards KM, Staat MA,  
Weinberg GA, et al. Norovirus and medically attended gastroenteri-
tis in U.S. children. N Engl J Med. 2013;368:1121–30. http://dx.doi.
org/10.1056/NEJMsa1206589

  2.	 Tam CC, Rodrigues LC, Viviani L, Dodds JP, Evans MR, Hunter PR,  
et al. Longitudinal study of infectious intestinal disease in the UK (IID2 
study): incidence in the community and presenting to general practice. 
Gut. 2012;61:69–77. http://dx.doi.org/10.1136/gut.2011.238386

  3.	 Patel MM, Widdowson MA, Glass RI, Akazawa K, Vinje J,  
Parashar UD. Systematic literature review of role of noroviruses in 
sporadic gastroenteritis. Emerg Infect Dis. 2008;14:1224–31. http://
dx.doi.org/10.3201/eid1408.071114

  4.	 van Beek J, Ambert-Balay K, Botteldoorn N, Eden JS, Fonager J, 
Hewitt J, et al. Indications for worldwide increased norovirus activ-
ity associated with emergence of a new variant of genotype II.4, late 
2012. Euro Surveill. 2013;18:8–9.

  5.	 Centers for Disease Control and Prevention. Emergence of new 
norovirus strain GII.4 Sydney—United States, 2012. MMWR Morb 
Mortal Wkly Rep. 2013;62:55. http://www.cdc.gov/mmwr/preview/
mmwrhtml/mm6203a4.htm 

  6.	 Chan MC, Chan PK. Complete genome sequence of a novel  
recombinant human norovirus genogroup II genotype 4 strain  
associated with an epidemic during summer of 2012 in Hong Kong. 
Genome Announc. 2013;1. PubMed http://dx.doi.org/10.1128/ 
genomeA.00140-12 

  7.	 Centre for Health Protection, Department of Health Hong Kong 
SAR. Update of acute gastroenteritis (AGE) and norovirus  
activities in Hong Kong. Communicable Diseases Watch. 
2012;9:81–3 [cited 2013 May 10]. http://www.chp.gov.hk/files/
pdf/cdw_v9_21.pdf

  8.	 Kageyama T, Kojima S, Shinohara M, Uchida K, Fukushi S,  
Hoshino FB, et al. Broadly reactive and highly sensitive assay 
for Norwalk-like viruses based on real-time quantitative reverse  
transcription-PCR. J Clin Microbiol. 2003;41:1548–57. http://
dx.doi.org/10.1128/JCM.41.4.1548-1557.2003

  9.	 Martella V, Medici MC, De Grazia S, Tummolo F, Calderaro A,  
Bonura F, et al. Evidence for recombination between the pandemic  
GII.4 norovirus strains New Orleans 2009 and Sydney 2012. J 
Clin Microbiol. 2013;51:3855–57. http://dx.doi.org/10.1128/
JCM.01847-13

10.	 Fonager J, Barzinci S, Fischer TK. Emergence of a new recombinant 
Sydney 2012 norovirus variant in Denmark, 26 December 2012 to 
22 March 2013. Euro Surveill. 2013;18:25:18. 

11.	 Phillips G, Tam CC, Conti S, Rodrigues LC, Brown D, Iturriza- 
Gomara M, et al. Community incidence of norovirus-associated 
infectious intestinal disease in England: improved estimates using 
viral load for norovirus diagnosis. Am J Epidemiol. 2010;171:1014–
22. http://dx.doi.org/10.1093/aje/kwq021

12.	 Hall AJ, Lopman BA, Payne DC, Patel MM, Gastanaduy PA,  
Vinje J, et al. Norovirus disease in the United States. Emerg Infect 
Dis. 2013;19:1198–205. http://dx.doi.org/10.3201/eid1908.130465

13.	 Rha B, Burrer S, Park S, Trivedi T, Parashar UD, Lopman BA.  
Emergency department visit data for rapid detection and moni-
toring of norovirus activity, United States. Emerg Infect Dis. 
2013;19:1214–21. http://dx.doi.org/10.3201/eid1908.130483

14.	 Phillips G, Lopman B, Tam CC, Iturriza-Gomara M, Brown D, 
Gray J. Diagnosing norovirus-associated infectious intestinal  
disease using viral load. BMC Infect Dis. 2009;9:63. http://dx.doi.
org/10.1186/1471-2334-9-63

15.	 Simmons K, Gambhir M, Leon J, Lopman B. Duration of  
immunity to norovirus gastroenteritis. Emerg Infect Dis. 
2013;19:1260–7. http://dx.doi.org/10.3201/eid1908.130472

Address for correspondence: Paul K.S. Chan, Department of Microbiology, 
Prince of Wales Hospital, The Chinese University of Hong Kong, Shatin, 
Hong Kong, China; email: paulkschan@cuhk.edu.hk

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 4, April 2014	 661

http://www2c.cdc.gov/podcasts/ 
player.asp?f=8626870

Investigating  
Listeria  
Outbreaks
Dr. Emily Cartwright, 
Infectious Disease fellow at 
Emory University and  former 
EIS Officer with CDC’s Division 
of Foodborne, Waterborne, 
and Environmental Diseases 
discusses foodborne Listeria 
outbreaks. 


