
Spatial and temporal patterns were evaluated by using 
a map generated with the ArcMap package implemented in 
ArcGIS software 10.1 (ESRI CIS Ltd., Moscow, Russia). 
This map shows geographic locations of virus isolates from 
2011 onwards (Figure). The alignment, as well as the geo-
graphic distribution of the available isolates, clearly shows 
that the TRS insertion was present in 2012, especially in the 
Russian Tulskaya oblast (Figure). The TRS insertion pre-
dominates in subsequent isolates, although isolates without 
the TRS insertion are still present. Furthermore, this TRS 
insertion was also present in Ukraine in 2012 but could not 
be found in any isolates obtained in the Tverskaya Oblast 
in 2011 and 2012 (Figure).

In conclusion, these findings confirm the suitability of 
the described TRS for a higher resolution of ASFV molecu-
lar epidemiology. However, this TRS insertion was already 
present in ASFV strains from Russia and is not restricted 
only to strains from central Europe. Thus, it can be hypoth-
esized that viruses introduced into the European Union 
originated in Russia, emerged in 2012 or even earlier, and 
were transmitted through Belarus and Ukraine.

This study was supported by European Union Seventh Frame-
work Program (FP7/2007-2013) under grant agreement no. 
311931 (ASFORCE), the European Union’s Seventh Framework 
Program under grant agreement no. 289364 (RAPIDIA-Field), 
and the Grant of the President of the Russian Federation (grant 
no. 1843.2013.4).

References
  1. Sánchez-Vizcaino JM, Mur L, Martinez-Lopez B. African swine  

fever (ASF): five years around Europe. Vet Microbiol. 2013; 
165:45–50. http://dx.doi.org/10.1016/j.vetmic.2012.11.030

  2. Malogolovkin A, Yelsukova A, Gallardo C, Tsybanov S,  
Kolbasov D. Molecular characterization of African swine fever 
virus isolates originating from outbreaks in the Russian Federation 
between 2007 and 2011. Vet Microbiol. 2012;158:415–9.  
http://dx.doi.org/10.1016/j.vetmic.2012.03.002

  3. Gallardo C, Fernandez-Pinero J, Pelayo V, Gazaev I,  
Markowska-Daniel I, Pridotkas G, et al. Genetic variation among 
African swine fever genotype II viruses, eastern and central  
Europe. Emerg Infect Dis. 2014;20:1544–7.  
http://dx.doi.org/10.3201/eid2009.140554.

  4. Portugal R, Coelho J, Höper D, Little NS, Smithson C, Upton C, 
et al. Related strains of African swine fever virus with different 
virulence: genome comparison and analysis. J Gen Virol.  
2014. pii: vir0.070508-0. http://dx.doi.org/10.1099/vir.0.070508-0

Address for correspondence: Sandra Blome, Friedrich-Loeffler-Institut, 
Institute of Diagnostic Virology, Suedufer 10, 17493 Greifswald, Insel 
Riems, Germany; email: sandra.blome@fli.bund.de

Norovirus GII.21 in Children 
with Diarrhea, Bhutan

Takaaki Yahiro, Sonam Wangchuk, Takeshi Wada, 
Chimmi Dorji, Takashi Matsumoto,  
Mimi Lhamo Mynak, Kunzang Pem Tshering, 
Akira Nishizono, Kamruddin Ahmed
Author affiliations: Oita University, Yufu, Oita, Japan (T. Yahiro, T. 
Wada, T. Matsumoto, A. Nishizono, K. Ahmed); Ministry of Health, 
Royal Government of Bhutan, Thimphu, Bhutan (S. Wangchuk, C. 
Dorji); Jigme Dorji Wangchuk National Referral Hospital, Thimphu 
(M.L. Mynak); University of Medical Sciences, Royal Government 
of Bhutan, Thimphu (K.P. Tshering)

DOI: http://dx.doi.org/10.3201/eid2104.141856

732 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 21, No. 4, April 2015

LETTERS

Figure. Locations where isolates 
of African swine fever virus were 
obtained in Russia during or after 
2011. Black circles indicate isolates 
with tandem repeat insertions, and 
white circles indicate isolates without 
tandem repeat insertions. obl., oblast; 
Resp., respublika.



To the Editor: Noroviruses are nonenveloped vi-
ruses of the family Caliciviridae with a single-stranded 
RNA genome. In developing countries, noroviruses cause 
>200,000 deaths annually among children <5 years of age 
(1). Noroviruses are divided into 6 genogroups, GI–GVI, 
which are further divided into genotypes. Twenty-nine 
of the genotypes cause human infections (2). Worldwide, 
most GII infections are caused by GII.4, followed by GII.3 
or GII.6 and then other genotypes, such as GII.2, GII.12, 
GII.13, GII.17, and GII.7, in varying proportions. We re-
port that GII.21 is the major genotype causing diarrhea in 
children in Bhutan.

During February 2010–December 2012, fecal samples 
were collected from children <5 years of age with watery 
diarrhea who were seen at the outpatient and inpatient clin-
ics of the Department of Pediatrics, Jigme Dorji Wangchuk 
National Referral Hospital, Thimphu, Bhutan. We extract-
ed RNA from rotavirus-negative fecal samples by using 
the QIAamp Viral RNA Kit (QIAGEN, Hilden, Germany); 
norovirus was detected by reverse transcription PCR by 
amplifying capsid gene at C region (3). PCR results were 
confirmed by nucleotide sequencing of the amplicons (4). 
We determined genogroups and genotypes by submitting 
nucleotide sequences to the Norovirus Genotyping Tool 
(http://www.rivm.nl/mpf/norovirus/typingtool).

We collected 15 water samples (online Technical Ap-
pendix Table, http://wwwnc.cdc.gov/EID/article/21/4/14-
1856-Techapp1.pdf), including some from streams and wa-
ter tanks that are sources of the Thimphu city water supply. 
Some samples were arbitrarily collected from taps from dif-
ferent locations in Thimphu. All samples were assayed for 
total coliforms, thermotolerant coliforms, and norovirus (5).

We performed a multiple sequence alignment using 
MUSCLE and conducted the phylogenetic analyses with 
the neighbor-joining method using MEGAS software 
(http://www.megasoftware.net). The branching patterns 
were evaluated statistically on the basis of bootstrap analy-
ses of 1,000 replicates.

We tested 270 samples for norovirus. The mean age of 
children tested was 13.9 months. Sixty-four (23.7%) chil-
dren were positive for norovirus. Results were positive for 
genotype GI in 4/210 samples (0/56 in 2010, 3/123 in 2011, 
and 1/31 in 2012); all positive samples were from boys in 
the outpatient clinic. Genotype distribution of norovirus GI 
was 1 GI.3 in 2012 and 1 GI.1 and 2 GI.9 in 2011.

Sixty of the 270 samples were positive for genotype 
GII norovirus (17/73 in 2010, 24/147 in 2011, and 19/50 
in 2012). Of these, 32 (53.3%) were from boys. Forty-six 
children were outpatients. Most (85%) of the GII norovirus 
cases occurred in children <23 months of age; 63.3% of 
infection occurred in children 6–23 months of age (online 
Technical Appendix Figure 1). By patient age group, the 
pattern for norovirus GII.21 was similar; 76% of infections 
occurred in children <23 months, and 62% infections oc-
curred in children 6–23 months.

We determined seasonal distribution of norovirus GII 
for 52 cases; 21 cases occurred during winter, and only 2 
cases occurred during autumn. Nine cases each occurred 
during spring and summer, and 11 cases occurred during 
the rainy season (late June through late September). In 
2010, GII.3 predominated, followed by GII.4 and GII.7; in 
2011, GII.21 was dominant, followed by GII.6, GII.2, and 
GII.8, then others; and in 2012, GII.21 remained the dom-
inant strain, followed by GII.2, GII.4, and GII.6 (Figure).  
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Figure. Yearly distributions of 
different genotypes of norovirus 
genogroup GII (A–C) and total 
numbers (D), Bhutan.



A Sydney variant of norovirus GII.4 was identified in 
2012. Only 1 tap water sample (sample W8) from a house 
was positive for norovirus and coliform bacteria; and nu-
cleotide sequencing of the norovirus amplicon confirmed 
it as GII.21. Phylogenetic analysis showed that non-
GII.21 genotypes from Bhutan were closely associated 
with strains from Thailand and Korea (online Technical 
Appendix Figure 2).

In Bhutan, similar to other countries, genogroup GII is 
mainly responsible for norovirus infections, and most in-
fections occur in younger children (6,7). In 2010, norovirus 
GII.3 was the dominant genotype in Thimphu, but in 2011, 
GII.21 became dominant and continued throughout 2012. 
GII.21 has been identified mostly in wastewater or rivers, 
and infections in human have been infrequently attributed 
to it (8). One GII.21 outbreak in a long-term care facil-
ity for elderly persons has been reported from the United 
States (9).

Why children in Thimphu were infected by GII.21 
is not clear. The detection of norovirus GII.21 in 1 water 
sample suggests that the source of the outbreak might be 
tap water; however, GII.21 was not detected in the water 
related to the tap water supply system. Further exami-
nation using repeated samples from different sources is 
needed. Continuous dominance by GII.21 over 2 years 
indicates that norovirus of this genotype might have been 
established in the children of Thimphu, and human-to-
human transmission might be ongoing. Determining the 
environmental source of norovirus GII.21 in Bhutan and 
developing prevention strategies to control the spread are 
urgently needed.

This study was supported in part by the research funds at the 
discretion of the President, Oita University (610000-N5021)  
to K.A.
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