












tronic surveillance systems for NoV outbreaks have recently
been initiated. CaliciNet, a network of state and local public
health and food regulatory agency laboratories in the United
States is coordinated by the CDC and allows us to rapidly
detect and link epidemiologic and NoV sequence data to iden-
tify multistate and international food-borne outbreaks. A
global norovirus surveillance network, NoroNet, which in-
cludes data from CaliciNet as well as data from other surveil-
lance networks (18, 26) will allow more timely identification of

increased norovirus activity and emergence of novel pandemic
strains.

The findings of this study highlight the importance of con-
tinued NoV outbreak surveillance as well as molecular char-
acterization of strains to better understand the mechanism(s)
driving the rapid evolving GII.4 viruses, to determine why they
have an advantage over other NoV genotypes, and to assess
whether other genotypes follow similar evolutionary patterns
(16).

FIG. 5. Genetic diversity of GII.4 sequence variants causing outbreaks in the United States from 1994 to 2006. An unrooted tree was
generated on the basis of 198 unique GII.4 sequence variants (of a 277-nt region of VP1). Each of the subclusters was assigned a name of
the representative strain that was first detected and selected for complete VP1 sequencing (underlined). The number of sequence variants
is listed in parentheses; the years the viruses circulated and the states where the strains were detected are also given. The scale bar labeled
0.01 indicates the average distance by nucleotide differences (as a percentage). The states are indicated by the two-letter state codes as
follows: Alabama (AL), Alaska (AK), Arkansas (AR), Arizona (AZ), California (CA), Colorado (CO), Connecticut (CT), Delaware (DE),
Florida (FL), Georgia (GA), Illinois (IL), Indiana (IN), Kentucky (KY), Louisiana (LA), Idaho (ID), Massachusetts (MA), Maryland (MD),
Maine (ME), Missouri (MO), Michigan (MI), Minnesota (MN), Montana (MT), North Carolina (NC), New Hampshire (NH), Nevada (NV),
New Mexico (NM), New York (NY), Ohio (OH), Oregon (OR), Pennsylvania (PA), Rhode Island (RI), South Carolina (SC), Texas (TX),
Tennessee (TN), Utah (UT), Virginia (VA), Washington (WA), Washington DC (DC), Wisconsin (WI), West Virginia (WV), Wyoming
(WY). CS, cruise ship.
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FIG. 6. Phylogenetic relationships of GII.4 strains and proposed GII.4 subcluster nomenclature. The phylogenetic tree was based on 84 full-length
VP1 amino acid sequences, including 11 representative sequences (underlined) characterized in this study and 73 sequences from GenBank. Subclusters
are named after the first strain for which the VP1 sequence was publicly available in GenBank. The time span (in years) that strains in each subcluster
circulated is listed. Sequence name was formatted as follows: GenBank accession number/strain name/year/country. Countries are shown as three-letter
country codes as follows: Australia (AUS), China (CHN), Canada (CAN), Germany (DEU), France (FRA), Great Britain (GBR), Ireland (IRE), Japan
(JPN), The Netherlands (NLD), Sweden (SWE), Spain (ESP), and the United States (USA).
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W. Lim, A. Choudekar, S. Broor, T. Halperin, N. Rasool, J. Hewitt, G.
Greening, M. Jin, Z. J. Duan, Y. Lucero, M. O’Ryan, M. Hoehne, E. Schre-
ier, R. M. Ratcliff, P. White, N. Iritani, G. Reuter, and M. Koopmans. 2009.
Norovirus illness is a global problem; emergence and spread of norovirus
GII.4 variants, 2001–2007. J. Infect. Dis. 200:802–812.

33. Siebenga, J. J., H. Vennema, E. Duizer, and M. P. Koopmans. 2007. Gas-
troenteritis caused by norovirus GGII.4, The Netherlands, 1994–2005.
Emerg. Infect. Dis. 13:144–146.

34. Siebenga, J. J., H. Vennema, B. Renckens, E. de Bruin, B. van der Veer, R. J.
Siezen, and M. Koopmans. 2007. Epochal evolution of GGII.4 norovirus
capsid proteins from 1995 to 2006. J. Virol. 81:9932–9941.

35. Tan, M., P. Fang, T. Chachiyo, M. Xia, P. Huang, Z. Fang, W. Jiang, and X.
Jiang. 2008. Noroviral P particle: structure, function and applications in
virus-host interaction. Virology 382:115–123.

36. Tan, M., P. Huang, J. Meller, W. Zhong, T. Farkas, and X. Jiang. 2003.
Mutations within the P2 domain of norovirus capsid affect binding to human
histo-blood group antigens: evidence for a binding pocket. J. Virol. 77:
12562–12571.

37. Tan, M., and X. Jiang. 2008. Association of histo-blood group antigens with
susceptibility to norovirus infection may be strain-specific rather than geno-
group dependent. J. Infect. Dis. 198:940–943.

38. Tan, M., M. Jin, H. Xie, Z. Duan, X. Jiang, and Z. Fang. 2008. Outbreak
studies of a GII-3 and a GII-4 norovirus revealed an association between
HBGA phenotypes and viral infection. J. Med. Virol. 80:1296–1301.

39. Teunis, P. F., C. L. Moe, P. Liu, S. E. Miller, L. Lindesmith, R. S. Baric, J.
Le Pendu, and R. L. Calderon. 2008. Norwalk virus: how infectious is it?
J. Med. Virol. 80:1468–1476.

40. Trujillo, A. A., K. A. McCaustland, D. P. Zheng, L. A. Hadley, G. Vaughn,
S. M. Adams, T. Ando, R. I. Glass, and S. S. Monroe. 2006. Use of TaqMan

176 ZHENG ET AL. J. CLIN. MICROBIOL.

 on N
ovem

ber 25, 2020 by guest
http://jcm

.asm
.org/

D
ow

nloaded from
 

http://jcm.asm.org/


real-time reverse transcription-PCR for rapid detection, quantification, and
typing of norovirus. J. Clin. Microbiol. 44:1405–1412.

41. Tu, E. T., R. A. Bull, G. E. Greening, J. Hewitt, M. J. Lyon, J. A. Marshall,
C. J. McIver, W. D. Rawlinson, and P. A. White. 2008. Epidemics of gastro-
enteritis during 2006 were associated with the spread of norovirus GII.4
variants 2006a and 2006b. Clin. Infect. Dis. 46:413–420.
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