
possibility that dromedaries may not be the ultimate natural 
reservoir (i.e., the long-term host of a pathogen of an in-
fectious disease). Topography (i.e., mountain chains) may 
limit camel movements from the Middle East or Africa to 
Central Asia, although such interchange certainly occurred 
centuries ago as a consequence of the silk-trade routes 
through southern Kazakhstan. The only known recent 
imports to Kazakhstan are dromedaries (Arvana breed), 
brought from Turkmenistan for cross-breeding with Bac-
trians to improve milk production (8). The findings that 
MERS-CoV is not universally endemic in dromedaries 
raises the hypothesis that certain species of bats or some 
other animal, the environment, or both, may constitute a 
maintenance community and be the true natural reservoir 
of MERS-CoV and that the virus spills over to camels and 
is maintained within camels for varying periods of time. 
Further studies on the epidemiology of MERS-CoV infec-
tion among camelids from central Asia are warranted.

This work was supported by a research grant from the US National  
Institute of Allergy and Infectious Diseases, National Institutes 
of Health, Department of Health and Human Services (contract 
no. HHSN272201500006C) and a commissioned grant from the 
Health and Medical Research Fund, Food and Health Bureau, 
Government of the Hong Kong Special Administrative Region.

References
  1.	 Reusken CB, Haagmans BL, Müller MA, Gutierrez C, Godeke GJ,  

Meyer B, et al. Middle East respiratory syndrome coronavirus 
neutralising serum antibodies in dromedary camels: a comparative 
serological study. Lancet Infect Dis. 2013;13:859–66.  
http://dx.doi.org/10.1016/S1473-3099(13)70164-6

  2.	 Perera RA, Wang P, Gomaa MR, El-Shesheny R, Kandeil A, 
Bagato O, et al. Seroepidemiology for MERS coronavirus using 
microneutralisation and pseudoparticle virus neutralisation assays 
reveal a high prevalence of antibody in dromedary camels  
in Egypt, June 2013. Euro Surveill. 2013;18:pii=20574.  
http://dx.doi.org/10.2807/1560-7917.ES2013.18.36.20574

  3.	 Memish ZA, Cotten M, Meyer B, Watson SJ, Alsahafi AJ,  
Al Rabeeah AA, et al. Human infection with MERS coronavirus 
after exposure to infected camels, Saudi Arabia, 2013.  
Emerg Infect Dis J. 2014;20:1012–5.

  4.	 Reusken CB, Messadi L, Feyisa A, Ularamu H, Godeke GJ,  
Danmarwa A, et al. Geographic distribution of MERS coronavirus  
among dromedary camels, Africa. Emerg Infect Dis. 2014; 
20:1370–4. http://dx.doi.org/10.3201/eid2008.140590

  5.	 Chan RW, Hemida MG, Kayali G, Chu DK, Poon LL, Alnaeem A, 
et al. Tropism and replication of Middle East respiratory syndrome 
coronavirus from dromedary camels in the human respiratory tract: 
an in-vitro and ex-vivo study. Lancet Respir Med. 2014;2:813–22. 
http://dx.doi.org/10.1016/S2213-2600(14)70158-4

  6.	 Chan SM, Damdinjav B, Perera RA, Chu DK, Khishgee B, 
Enkhbold B, et al. Absence of MERS-coronavirus in Bactrian 
camels, southern Mongolia, November 2014. Emerg Infect Dis. 
2015;21:1269–71. http://dx.doi.org/10.3201/eid2107.150178

  7.	 World Organisation for Animal Health. Infection with coronavirus 
in camels, Iran [cited 2015 Oct 11]. http://www.oie.int/wahis_2/
public/wahid.php/Reviewreport/Review?page_refer=MapFullEvent
Report&reportid=16411

  8.	 Knoll EM, Burger P. The encounter between Bactrian and  
dromedary camels in Central Asia. In: Faye B, Konuspayeva G, 
editors. Camels in Asia and North Africa: interdisciplinary  
perspectives on their past and present significance. Vienna  
(Austria): Austrian Academy of Sciences Press. 2012. p. 27–33, 
photos p. 248–250.

  9.	 Hemida MG, Perera RA, Al Jassim RA, Kayali G, Siu LY,  
Wang P, et al. Seroepidemiology of Middle East respiratory  
syndrome (MERS) coronavirus in Saudi Arabia (1993) and  
Australia (2014) and characterisation of assay specificity.  
Euro Surveill. 2014;19:pii:20828. http://dx.doi.org/10.2807/ 
1560-7917.ES2014.19.23.20828

10.	 Crameri G, Durr PA, Barr J, Yu M, Graham K, Williams OJ,  
et al. Absence of MERS-CoV antibodies in feral camels in  
Australia: implications for the pathogen’s origin and spread.  
One Health. 2015;1:76–82.

Address for correspondence: Eve Miguel, CIRAD, AGIRs,  
Avenue Agropolis, 34398 Montpellier CEDEX 5, France;  
email: eve.miguel@cirad.fr

Novel Reassortant Avian  
Influenza A(H5N1)  
Virus in Human,  
Southern Vietnam, 2014

Ikuyo Takayama,1 Nguyen Trung Hieu,1  
Masayuki Shirakura, Mina Nakauchi,  
Seiichiro Fujisaki, Hitoshi Takahashi,  
Shiho Nagata, Nguyen Thanh Long,  
Takato Odagiri, Masato Tashiro,  
Tsutomu Kageyama
Author affiliations: National Institute of Infectious Diseases, Tokyo, 
Japan (I. Takayama, M. Shirakura, M. Nakauchi, S. Fujisaki,  
H. Takahashi, S. Nagata, T. Odagiri, M. Tashiro, T. Kageyama); 
Pasteur Institute, Ho Chi Minh City, Vietnam (N.T. Hieu, N.T. Long)

DOI: http://dx.doi.org/10.3201/eid2203.151360

To the Editor: The first case of human infection with 
highly pathogenic avian influenza A(H5N1) virus in Viet-
nam was reported in December 2003 (1), and >120 human 
cases were confirmed through 2013, with a high case-fatal-
ity rate (2). In 2013, clade 2.3.2.1a/c H5N1 viruses circu-
lated widely in poultry across the country, although clade 
1.1.1/1.1.2 H5N1 viruses predominated in poultry from the 
Mekong Delta region to central Vietnam (3,4). 

In 2014, two cases of human infection with A(H5N1) 
virus were identified in southern Vietnam. One case  
was associated with a clade 1.1.2 reassortant virus,  
A/Vietnam/14012902/2014 (Global Initiative on Sharing 
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All Influenza Data [GISAID; http://www.gisaid.org] acces-
sion nos. EPI624919–EPI624926), which had been previ-
ously detected in Cambodia and Vietnam (5,6). We isolated 
the virus from the other case, performed phylogenetic anal-
ysis to identify the clade of this virus, and identified a novel 
virus that had undergone gene reassortment. 

The case-patient was a 52-year-old man who lived 
in Binh Phuoc Province (140 km northeast of Ho Chi 
Minh City). On January 11, 2014, he experienced mild 
fever and general fatigue; high fever developed on 
January 13. He was hospitalized with dyspnea on Janu-
ary 16 and died 2 days later. He was not given antivi-
ral drug treatment. Dead poultry infected with H5N1 vi-
ruses were found scattered near his house during January 
1–16, and he buried his 2 dead chickens on January 5. 
H5N1 virus infection was detected in the patient’s throat 
swab specimen by real-time reverse transcription PCR 
at the Pasteur Institute in Ho Chi Minh City. Virus was 
isolated by inoculating the throat swab specimens into 
10-day-old embryonated chicken eggs; the resulting iso-
late, A/Vietnam/14011801/2014 (GISAID accession nos. 
EPI624911–EPI624918), then underwent gene sequenc-
ing. The 8 viral genes were amplified with SuperScript 
III Reverse Transcriptase Kit (Fisher Scientific, Pittsburg, 
PA, USA) and Phusion High-Fidelity DNA Polymerase 
(New England BioLabs, Ipswich, MA, USA) with spe-
cific paired primers, according to the manufacturer’s 
instructions, and sequenced on an ABI 3730 automated 
sequencer with Big-Dye Terminator Cycle Sequencing 
reagents (Applied Biosystems, Foster City, CA, USA). 
Whole genome sequence was determined.

By gene sequencing analysis, A/Vietnam/14011801/2014 
was found to have the multibasic cleavage site of hemag-
glutinin (HA) protein, which indicates highly pathogenic 
avian influenza A(H5N1) viruses, and was shown to predict 
binding specificity to an avian α2,3 sialic acid receptor. The 
neuraminidase gene possessed no amino acid substitutions 
associated with decreased antiviral activity, nor did the vi-
rus have amino acid substitutions associated with increased 
adaptation, virulence, infectivity, or transmissibility in mam-
malian hosts, including the E627K and D701N mutations in 
polymerase basic protein 2 (7).

Phylogenetic analyses of the 8 viral genes of A/Viet-
nam/14011801/2014 were performed by using databases 
(GISAID and the Influenza Virus Resource, National 
Center for Biotechnology Information, Bethesda, MD, 
USA; http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.
html) that contained complete sequences of viral genomes 
belonging to clades 1.1.1, 1.1.2, and 2.3.2.1 a/b/c, most of 
which were collected in Vietnam, particularly after 2012. 
Neighbor-joining and Kimura 2-parameter methods were 
implemented by using MEGA version 5.0 software (http://
www.megasoftware.net). Reliability of the phylogenetic  

analysis was tested by using 1,000 bootstrap replica-
tions. Lineages of the HA gene were defined by using 
previously described criteria (8). Lineages of the other 7 
genes were defined by using criteria and nomenclature of  
Nguyen et al. (9).

The HA of A/Vietnam/14011801/2014 belonged to 
clade 2.3.2.1c (online Technical Appendix Figure, panel A, 
http://wwwnc.cdc.gov/EID/article/23/3/15-1360-Techapp.
pdf). The neuraminidase, polymerase basic proteins 1 and 
2, and polymerase acid protein genes of this virus were 
also derived from respective lineages of ancestor clade 
2.3.2.1c (online Technical Appendix Figure, panels B–E). 
However, nucleoprotein, matrix, and nonstructural genes 
were classified as lineages of ancestor clade 2.3.2.1a (on-
line Technical Appendix Figure, panels F–H) and differed 
from the gene lineages of almost all clade 2.3.2.1c viruses 
isolated from poultry in Vietnam. As reported in the Influ-
enza Virus Resource, 2 viruses collected in Vietnam in De-
cember 2013 (A/muscovy duck/Long An/43/2013 and A/
muscovy duck/Long An/46/2013) were similar reassortant 
viruses of clade 2.3.2.1c (Figure). However, the ancestor 
of the nonstructural gene lineage of these 2 viruses is clade 
2.3.2.1c, which differs from A/Vietnam/14011801/2014. 
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Figure. Novel reassortant virus (A/Vietnam/14011801/2014) 
identified in a human case of influenza A(H5N1) virus infection 
in Vietnam, 2014. Ancestry of genes is denoted in the 
hemagglutinin clades. Arrows indicate genes that differ from the 
gene lineages of original clade 2.3.2.1c viruses. 



The differences indicate that A/Vietnam/14011801/2014 
is a novel reassortant virus between clades 2.3.2.1a and 
2.3.2.1c, between clades 1.1.2 and 2.3.2.1c, or both (Fig-
ure). This novel reassortant virus has not been reported in 
poultry in Vietnam, although novel reassortants between 
clade 1.1.2 and clade 2.3.2.1a viruses have been detected 
in Vietnam since 2013 (i.e., A/Vietnam/VP13-28H/2013, 
GISAID accession nos. EPI624927–EPI624934; and A/
Vietnam/14012902/2014) (6). These novel reassortment 
viruses were first identified in human, animal, and envi-
ronmental samples in Cambodia in 2013 (5). Other novel 
gene reassortments in clade 2.3.2.1 viruses have been pre-
viously reported (10), and new clade 2.3.4.4 viruses have 
been observed in Vietnam since 2014.

As multiple clade viruses co-circulate, reassortment 
events occur frequently in Vietnam. Continuous surveil-
lance of avian influenza A(H5N1) viruses, not only in hu-
mans but also in poultry and wild birds, is needed for infec-
tion control measures during epidemics of these viruses.

This study was partially supported by Grants-in-Aid for  
Emerging and Reemerging Infectious Diseases from the Ministry 
of Health, Labour and Welfare, Japan.

References
  1.	 Tran TH, Nguyen TL, Nguyen TD, Luong TS, Pham PM,  

Nguyen V, et al. Avian influenza A (H5N1) in 10 patients in  
Vietnam. N Engl J Med. 2004;350:1179–88. http://dx.doi.org/ 
10.1056/NEJMoa040419

  2.	 World Health Organization. Cumulative number of confirmed 
human cases for avian influenza A(H5N1) reported to WHO, 
2003–2014 [cited 2015 Jan 6]. http://www.who.int/influenza/ 
human_animal_interface/EN_GIP_20141002CumulativeNumberH
5N1cases.pdf?ua=1

  3.	 Nguyen DT, Bryant JE, Davis CT, Nguyen LV, Pham LT, Loth L, 
et al. Prevalence and distribution of avian influenza a(H5N1) virus 
clade variants in live bird markets of Vietnam, 2011–2013.  
Avian Dis. 2014;58:599–608. http://dx.doi.org/10.1637/ 
10814-030814-Reg

  4.	 Lee EK, Kang HM, Kim KI, Choi JG, To TL, Nguyen TD, et al. 
Genetic evolution of H5 highly pathogenic avian influenza  
virus in domestic poultry in Vietnam between 2011 and 2013.  
Poult Sci. 2015;94:650–61. http://dx.doi.org/10.3382/ps/pev036

  5.	 Rith S, Davis CT, Duong V, Sar B, Horm SV, Chin S, et al.  
Identification of molecular markers associated with alteration of  
receptor-binding specificity in a novel genotype of highly  
pathogenic avian influenza A(H5N1) viruses detected in Cambodia 
in 2013. J Virol. 2014;88:13897–909. http://dx.doi.org/10.1128/
JVI.01887-14

  6.	 Thor SW, Nguyen H, Balish A, Hoang AN, Gustin KM,  
Nhung PT, et al. Detection and characterization of clade 1  
reassortant H5N1 viruses isolated from human cases in Vietnam  
during 2013. PLoS ONE. 2015;10:e0133867. http://dx.doi.org/ 
10.1371/journal.pone.0133867

  7.	 Le QM, Sakai-Tagawa Y, Ozawa M, Ito M, Kawaoka Y.  
Selection of H5N1 influenza virus PB2 during replication in 
humans. J Virol. 2009;83:5278–81. http://dx.doi.org/10.1128/
JVI.00063-09

  8.	 World Health Organization/World Organization for Animal Health/
Food and Agriculture Organization H5N1 Evolution Working 
Group. Revised and updated nomenclature for highly pathogenic 

avian influenza A (H5N1) viruses. Influenza Other Respi Viruses. 
2014;8:384–8. http://dx.doi.org/10.1111/irv.12230

  9.	 Nguyen T, Rivailler P, Davis CT, Hoa do T, Balish A, Dang NH, 
et al. Evolution of highly pathogenic avian influenza (H5N1) 
virus populations in Vietnam between 2007 and 2010. Virology. 
2012;432:405–16. http://dx.doi.org/10.1016/j.virol.2012.06.021

10.	 Creanga A, Thi Nguyen D, Gerloff N, Thi Do H, Balish A,  
Dang Nguyen H, et al. Emergence of multiple clade 2.3.2.1  
influenza A (H5N1) virus subgroups in Vietnam and detection of 
novel reassortants. Virology. 2013;444:12–20. http://dx.doi.org/ 
10.1016/j.virol.2013.06.005

Address for correspondence: Tsutomu Kageyama, Influenza Virus 
Research Center, National Institute of Infectious Diseases, 4-7-1 Gakuen, 
Musashimurayama-shi, Tokyo 208-0011, Japan; email: tkage@nih.go.jp

Mycobacterium arupense  
as an Emerging Cause  
of Tenosynovitis

Fiorella Krapp Lopez, Madeline Miley,  
Babafemi Taiwo
Author affiliations: Northwestern University, Chicago, Illinois, USA 
(F. Krapp Lopez, B. Taiwo); Northwestern Memorial Hospital, 
Chicago (M. Miley)

DOI: http://dx.doi.org/10.3201/eid2203.151749

To the Editor: Mycobacterium arupense was identi-
fied in 2006 as a novel species within the M. terrae com-
plex with close similarity to M. nonchromogenicum (1). 
Since then, 8 cases describing clinically notable disease 
have been published (2–8), including 5 cases of tenosyno-
vitis. We report M. arupense tenosynovitis in an immuno-
compromised person who received the selective interleukin 
(IL) 1 β-inhibitor canakinumab.

In July 2014, a 62-year-old man sought treatment at 
the emergency department, Northwestern Memorial Hos-
pital (Chicago, Illinois, USA), after 1 week of pain and 
swelling in the right hand. During the previous 5 years, 
he had received multiple immunomodulatory drugs for 
treatment of natural killer cell deficiency, hyper–IL-6 
syndrome, recurrent polychondritis, and Sweet syndrome. 
His medications were prednisone (42.5 mg/d), intrave-
nous immunoglobulin (400 mg/kg monthly), and subcuta-
neous canakinumab (180 mg every 8 weeks, which began 
3 weeks before onset of symptoms).

His first symptom was a tender red nodule on the right 
palm that increased in size and became extremely tender 
over the following week (Figure, panels A, B). He did not 
recall any trauma and denied fever or chills. No improve-
ment was seen after he received oral linezolid for 5 days. A 
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