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neck rigidity (2 patients) were also 
observed. Signs and symptoms at the 
time of hospitalization and at follow-
up for 6 months (at 3-month intervals) 
were similar for persons infected with 
JEV and those infected with WNV. 
Neurologic sequelae observed at <6 
months follow-up were impaired 
memory (6 patients), irritable behavior 
(5 patients), impaired hearing (3 
patients), incoherent speech and 
disorientation (1 patient), breathing 
diffi culty (1 patient), impaired speech 
(1 patient), and quadriparesis (1 
patient).

We identifi ed WNV in regions of 
Assam to which JEV is endemic. The 
fi nding indicates that WNV might be 
the cause of a substantial number of 
acute encephalitis syndrome cases 
in this region. Fever and headache 
were the most common signs and 
symptoms, as reported (7). There were 
3 deaths (all children) in 13 patients. 
Our results corroborate a similar 
observation in the Kolar District of 
Karnataka (8). In contrast, in western 
countries, the attack rate and case-
fatality rate for WNV infection are 
higher among immunocompromised 
elderly patients (9). Our fi ndings 
may be caused by strain variations 
and host susceptibility to the 
virus. Identifi cation of circulating 
genotypes of WNV and its vectors 
and epidemiologic studies are needed 
to obtain additional information on 
WNV infection in this region and 
identify WNV as a cause of acute 
encephalitis syndrome.

Acknowledgments
We thank Milind Gore for 

providing cell lines and helping with the 
neutralization test and Niranjan Kumar 
Barua, Robin Doloi, and Joy Prasanna 
Gogoi for excellent assistance in the 
laboratory and the fi eld.

This study was supported by the 
Indian Council of Medical Research.

Siraj A. Khan, Prafulla Dutta, 
Abdul M. Khan, 

Pritom Chowdhury, Jani Borah, 
Pabitra Doloi, 

and Jagadish Mahanta
Author affi liation: Regional Medical 
Research Centre, Assam, India

DOI: 10.3201/eid1705.100479

References

  1.  Hayes EB, Komar N, Nasci RS, Mont-
gomery SP, O’Leary DR, Campbell GL. 
Epidemiology and transmission dynamics 
of West Nile virus disease. Emerg Infect 
Dis. 2005;11:1167–73.

  2.  Banker DD. Preliminary observations on 
antibody patterns against certain viruses 
among inhabitants of Bombay city. Indian 
J Med Sci. 1952;6:733–46.

  3.  Paramasivan R, Mishra AC, Mourya DT. 
West Nile virus: the Indian scenario. In-
dian J Med Res. 2003;118:101–8.

  4.  Phukan AC, Baruah PK, Mahanta J. Japa-
nese encephalitis in Assam, north east 
India. Southeast Asian J Trop Med Public 
Health. 2004;35:618–22.

  5.  Khan SA, Narain K, Handique R, Dutta P, 
Mahanta J, Satyanarayana K, et al. Role 
of some environmental factors in modu-
lating seasonal abundance of potential 
Japanese encephalitis vectors in Assam, 
India. Southeast Asian J Trop Med Public 
Health. 1996;27:382–91.

  6.  Sapkal GN, Wairagkar NS, Ayachit VM, 
Bondre VP, Gore MM. Detection and iso-
lation of Japanese encephalitis virus from 
blood clots collected during the acute 
phase of infection. Am J Trop Med Hyg. 
2007;77:1139–45.

  7.  Hayes EB, Sejvar JJ, Zaki SR, Lanciotti 
RS, Bode AV, Campbell GL. Virology, 
pathology, and clinical manifestation of 
West Nile virus disease. Emerg Infect Dis. 
2005;11:1174–9.

  8.  George S, Prasad SR, Rao JA, Yergol-
kar PN, Setty CV. Isolation of Japanese 
encephalitis and West Nile viruses from 
fatal cases of encephalitis in Kolar dis-
trict of Karnataka. Indian J Med Res. 
1987;86:131–4.

  9.  Blitvich BJ. Transmission dynamics and 
changing epidemiology of West Nile vi-
rus. Anim Health Res Rev. 2008;9:71–86. 
doi:10.1017/S1466252307001430

Address for correspondence: Siraj A. Khan, 
Regional Medical Research Centre, Indian 
Council of Medical Research, Northeast 
Region, Dibrugarh, PIN 786 001, Assam, India; 
email: sirajkhanicmr@gmail.com

Rare Rotavirus 
Strains in Children 

with Severe 
Diarrhea, Malaysia

To the Editor: We report the 
identifi cation of G3P[9] rotavirus in 
children with acute diarrhea in Malaysia. 
Globally, rotavirus infections are the 
most common cause of severe diarrhea 
in infants and young children admitted 
to hospital. It is estimated that 527,000 
children <5 years of age die each year 
of rotavirus diarrhea (1). Strains with 
a G3P[9] genotype represent a rare 
group of viruses, initially reported in 
Japan in 1982. These viruses have been 
sporadically associated with diarrhea in 
infants in countries such as Thailand, 
Italy, United States, Japan, Malaysia, 
and China (2–7) and thus represent a 
rare but widely distributed group of 
viruses.
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Table. Incidence of JEV and WNV infections among patients with acute encephalitis 
syndrome, Assam, India* 

District 
No. with acute 

encephalitis syndrome 
No. positive/no. tested 

JEV WNV
Dhemaji 1 0/1 0/0
Dibrugarh 29 9/29 6/29
Golaghat 81 47/81 2/18
Jorhat 15 8/15 0/15
Lakhimpur 6 5/6 0/6
Sivasagar 30 9/30 2/30
Tinsukia 5 2/5 2/5
Total 167 80/167 12/103† 
*JEV, Japanese encephalitis virus; WNV, West Nile virus. 
†One person was not included because the address could not be verified. 
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Four genotype G3P[9] strains 
were identifi ed from a total of 134 
rotavirus-positive samples analyzed 
during surveillance studies conducted 
among children <5 years of age who 
were admitted to the University 
of Malaya Medical Centre, Kuala 
Lumpur, with acute diarrhea during 
2008. To understand the possible 
origin of these G3P[9] viruses, we 
determined the sequence of the 
genes encoding the 2 outer capsid 
proteins, viral protein (VP) 7 and 
VP4, and analyzed their phylogenetic 
relationship to other rotaviruses.

Rotavirus double-stranded RNA 
was extracted by using the QIAamp 
Viral RNA Mini Kit (QIAGEN, Hilden, 
Germany), and the genes encoding the 
VP4 and VP7 proteins were amplifi ed 
by reverse transcription–PCR (RT-
PCR). The VP7 gene segment (nt 
51–932) was amplifi ed by using 
primers VP7-F and VP7-R (8), and 
the VP8 subunit of the VP4 gene (nt 
150–795) was amplifi ed by using the 
primers VP4-F and VP4-R (9). The 
PCR products were purifi ed by using 
the QIAquick Gel Extraction Kit 
(QIAGEN) and sequenced by using 
the ABI Prism BigDye Terminator 
cycle sequencing kit version 3.1 
(Applied Biosystems, Carlsbad, CA, 
USA) with primers homologous to 
both ends and internal regions of each 
gene. Sequencing was performed on 
an Applied Biosystems 3730xl DNA 
Analyzer at the Australian Genome 
Research Facility. Sequences were 
analyzed by using the Sequencher 
program version 4.1 (Gene Codes 
Corp., Inc., Ann Arbor, MI, USA), and 
aligned by using ClustalW (www.ebi.
ac.uk/clustalw). Phylogenetic analysis 
was conducted by using MEGA version 
4.1 and neighbor-joining method with 
1,000 bootstrap replicates (10).The 4 
G3P[9] rotavirus strains all exhibited 
identical nucleotide and amino acid 
sequences for the regions of VP7 and 
VP8 subunit of VP4 analyzed.

The VP7 gene from the G3P[9] 
strains from Malaysia exhibited 

greatest identity to VP7 genes from 
animal G3 rotaviruses; identities 
were 98% and 97% to a raccoon dog 
rotavirus (RAC-DG5, Japan, 2004) 
and a feline rotavirus (Australia, 
1984), respectively. Comparison with 
the prototype G3P[9] strain AU-1 
exhibited 90% nt homology. Notably, 
the VP7 gene of the Malaysian 
G3P[9] strain also shared 90% nt 
homology with human G3 strains 
isolated in Malaysia in 2004 and 
2007. Phylogenetic analysis of the 
VP7 nucleotide sequence (nt 93–877) 
revealed that the Malaysian G3P[9] 
strain (552157) clustered with animal 
G3 strains and human G3P[9] strains 
from various countries but was distinct 
from G3P[8] strains causing disease 

in children in Malaysia over the same 
period (Figure, panel A). 

Similar to the VP7 gene, the VP8 
subunit of VP4 of the G3P[9] strains 
from Malaysia exhibited greatest 
nucleotide homology (98%) with 
the rotavirus strain isolated from 
a raccoon dog (RAC-DG5). High 
nucleotide homology of 96%–98% 
was also observed when the P[9] 
strain from Malaysia was compared 
with other human P[9] rotavirus 
strains isolated in Japan, Thailand, 
and China. Phylogenetic analysis 
revealed 3 distinct clusters among the 
VP8 sequences obtained from the P[9] 
strains (Figure, panel B). Human and 
animal P[9] strains from Asia grouped 
together within a single cluster. The 
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Figure. Phylogenetic relationship of nucleotide sequences of genes encoding the outer 
capsid proteins VP7 and VP4 from G3P[9] rotavirus strains. A) Evolutionary relationship 
of G3 VP7 nucleotide sequences. B) Evolutionary relationship of P[9] VP4 nucleotide 
sequences. The evolutionary relationship was inferred by using the neighbor-joining method. 
The percentages of the bootstrap test (2,000 replicates) are shown next to the branches. 
The evolutionary distances were computed by using the maximum-composite likelihood 
method and represent the number of base substitutions per site. Phylogenetic analysis was 
conducted by using MEGA version 4 (10). The labeling of the taxon corresponds to host 
name, followed by G-type and/or P-type, strain name, place of origin, and year of isolation. 
The letter S or P after the year of isolation indicates submission or published year of the 
sequence in the National Center for Biotechnology Information database. Arrows indicate 
G3P[9] isolate identifi ed in this study. Scale bars indicate nucleotide substitutions per site.
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feline strains from Italy and Australia 
grouped together, as did the P[9] 
strains from the United States.

Thus, both the VP7 and VP4 
genes of G3P[9] strain identifi ed in 
this study were most closely related 
to a racoon dog rotavirus strain (RAC-
DG5), suggesting an animal origin of 
this rotavirus strain. These strains are 
likely an example of an animal strain 
causing limited disease in humans, 
rather than existence of a true strain, 
which has entered and adapted to the 
human environment. Recent whole-
genome sequencing of 2 G3P[9] 
strains isolated from children in Italy 
showed they were composed of genes 
of human, bovine, and feline origin 
(2); whether the G3P[9] strains from 
Malaysia identifi ed in this study are 
also human/animal reassortant strains 
requires further study.

Identifi cation of G3P[9] strains 
in Malaysia continues to highlight the 
presence of these rare strains in Asian 
communities. The close similarity of 
the strains to a G3P[9] strain from a 
raccoon dog further highlights the 
transmission of rotavirus strains 
between animal and human sources. 
Whether this strain can establish 
itself in humans and cause disease 
is unknown, but the identifi cation of 
rare strains illustrates that movement 
of rotaviruses between various hosts 
does occur from time to time. 
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  Avian Malaria 
Deaths in Parrots, 

Europe
To the Editor: Avian malaria is 

an insect-borne disease induced by a 
so far unknown number of protozoan 
blood parasites of the genera 
Plasmodium and Haemoproteus 
(hematozoa) (1,2). The unintentional 
introduction of P. relictum to the 
Hawaiian Islands, USA, has had 
fatal effects for the native bird fauna 
(3). In Europe, asymptomatic blood 
infections by hematozoa have been 
regularly observed, with an especially 
high prevalence in songbirds (4). 
However, numerous outbreaks of 
fatal protozoan infections have been 
reported over the past 40 years, 
mainly among psittacines of Australia 
that have been kept in aviaries (5,6). 
Diagnosis in all these cases was 
based on histopathologic detection 
of protozoan cyst-like structures 
of unexplained origin in the heart 
and skeletal muscles and, to a lesser 
extent, in other organs. In most cases, 
the protozoans were identifi ed as 
members of the genus Leucocytozoon 
because of their morphologic features. 
Recent studies suggest that these cases 
may, in fact, have been infections of 
Besnoitia spp. (Sarcocystidae) or other 
unknown hematozoa (5); however, 
genetic evidence is lacking.

In August 2010, sudden deaths 
of parrots were noticed in 2 separate 
aviaries in northern Germany and 
Switzerland (online Technical 
Appendix Table, www.cdc.gov/EID/
content/17/5/950-Techapp.pdf). 
Nine yellow-crowned parakeets 
(Cyanoramphus auriceps), 3 barred 
parakeets (Bolborhynchus lineola), 
and 2 budgerigars (Melopsittacus 
undulatus) died within 2–5 days 
after a history of reduced general 
conditions and reduced activity and 
food intake before death. In addition, 
2 budgerigars and 1 barred parakeet 
in the aviary in Germany showed 
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