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Genetic Changes of 
Reemerged  

Influenza A(H7N9) 
Viruses, China

To the Editor: From March 30, 
2013, through April 8, 2014, a total of 
401 human infections with novel avian 
influenza A (H7N9) virus were reported 
in China (1). In the initial wave from 
February through May 2013, cases were 
laboratory confirmed for 133 patients 
(45 died), mainly in eastern China. 
From June through early October 2013, 
only 2 laboratory-confirmed cases were 
reported in China. One of these, identi-
fied on August 10, 2013, was the first 
case of influenza A(H7N9) virus infec-
tion in Guangdong Province (strain A/
Guangdong/HZ-01/2013). However, a 
second wave of influenza A(H7N9) vi-
rus infection began on October 14, 2013 
(2). As of April 8, 2014, a total of 266 
laboratory-confirmed cases had been 
reported, mainly in Zhejiang Province 
in eastern China (92 cases, 37 deaths) 
and Guangdong Province in southern 
China (99 cases, 30 deaths).

Previous sequencing studies 
suggested that 6 of the 8 influenza 
A(H7N9) virus RNA segments were 
acquired from influenza A(H9N2) vi-
rus. This acquisition process involved 
at least 2 steps of sequential reassort-
ment; the most recent event most like-
ly occurred in the Yangtze River Delta 

area of eastern China (3–5). To date, 
nearly all analyses have been per-
formed by using sequences obtained 
from viruses isolated during the first 
wave of infection; changes associ-
ated with viruses isolated during the 
second wave are largely unknown (6). 
We therefore conducted phylogenetic 
analyses of whole-genome sequence 
data for 15 influenza A(H7N9) vi-
ruses isolated from human patients in 
Guangdong from November 4, 2013, 
through January 15, 2014. 

We estimated maximum-likeli-
hood trees for all 8 RNA segments by 
using MEGA version 5.2 and the gen-
eral time-reversible model (7). RNA 
segments encoding the hemagglutinin, 
neuraminidase, and matrix genes of A/
Guangdong/H7N9 viruses isolated af-
ter November 2013 were genetically 
similar to those of A/Guangdong/HZ-
01/2013 and H7N9 strains from the first 
wave of influenza (online Technical 
Appendix, http://wwwnc.cdc.gov/EID/
article/20/9/14-0250-Techapp1.pdf). 
An additional 4 RNA segments (non-
structural protein [NS], nucleocapsid 
protein [NP], polymerase basic proteins 
[PB] 1 and 2) of A/Guangdong/H7N9 
influenza viruses isolated after Novem-
ber 2013 were clustered with A/Guang-
dong/HZ-01/2013 virus and were di-
vergent from all currently sequenced 
subtype H7N9 viruses from the first 
wave in eastern China. The only excep-
tion was the NP segment of A/Guang-
dong/SZ-026/2014, which was found 
segregated into a separate cluster with 
subtype H9N2 viruses from Shandong 
Province. Moreover, analyses showed 
that RNA segments encoding NS, NP, 
PB1, and PB2 of A/Guangdong/H7N9 
isolated after November 2013 were 
most similar to the same segments from 
influenza A(H9N2) viruses that had re-
cently circulated in Guangdong (online 
Technical Appendix Figure, panels 
D–G). That is, NS, NP, PB1, and PB2 
showed greater similarity to local sub-
type H9N2 viruses from Guangdong 
than to subtype H7N9 viruses from the 
first wave of influenza.

Notably, 2 separate clusters were 
observed for the phylogenetic tree of 
the RNA segment encoding the poly-
merase acidic gene (online Technical 
Appendix Figure, panel H). A/Guang-
dong/HZ-01/2013-like viruses clus-
tered with subtype H7N9 viruses from 
the first wave of influenza. However, 
A/Guangdong/DG-02/2013-like virus-
es were clustered with subtype H9N2 
influenza viruses circulating in Guang-
dong, suggesting that recent reassort-
ment with circulating subtype H9N2 
viruses occurred after the first case of 
infection with influenza A(H7N9) virus 
reported in Guangdong (online Techni-
cal Appendix Figure, panel H).

This study provides evidence that 
influenza A(H7N9) viruses isolated 
during the second wave of influenza 
in Guangdong differ genetically (in 
5 of the 8 RNA segments) from that 
of influenza A(H7N9) viruses isolated 
during the first wave. High similarity 
of these 5 segments with those of lo-
cally circulating subtype H9N2 virus-
es suggests that rapid and continued 
reassortment with circulating subtype 
H9N2 viruses occurred during the sec-
ond wave of the influenza A(H7N9) 
virus epidemic. Because reassortment 
and genetic changes can contribute 
to host fitness and infection capac-
ity of reemerged influenza A(H7N9) 
viruses, studies of pathogenicity and 
transmission, to reveal the exact role 
of each genetic alteration, are needed.

This study was financially supported 
by the 12th five-year-major projects of 
China’s Ministry of Public Health (grant 
no. 2012zx10004-213) and by the PRE-
DICT Surveillance Animal Human Inter-
face Project of Global Viral Forecasting 
(grant no. GVF: 06-09-057-02).

Jing Lu,1 Jie Wu,1 Dawei Guan,1 
Lina Yi, Xianqiao Zeng,  
Lirong Zou, Lijun Liang, 
Hanzhong Ni, Xin Zhang,  

Jinyan Lin, and Changwen Ke
1These	 authors	 contributed	 equally	 to	 
this	article.



LETTERS

	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	20,	No.	9,	September	2014	 1583

Author	 affiliation:	 Guangdong	 Provincial	
Center	for	Disease	Control	and	Prevention,	
Guangzhou,	China

DOI:	http://dx.doi.org/10.3201/eid2009.140250

References

  1. World Health Organization. Avian influ-
enza A(H7N9) virus [cited 2014 Apr 8].  
http://www.who.int/influenza/human_ 
animal_interface/influenza_h7n9/en/ 
index.html

  2. Chen E, Chen Y, Fu L, Chen Z, Gong Z, 
Mao H, et al. Human infection with avi-
an influenza A(H7N9) virus re-emerges 
in China in winter 2013. Euro Surveill. 
2013;18. pii: 20616.

  3. Gao R, Cao B, Hu Y, Feng Z, Wang D,  
Hu W, et al. Human infection with a novel 
avian-origin influenza A (H7N9) virus. 
N Engl J Med. 2013;368:1888–97. http://
dx.doi.org/10.1056/NEJMoa1304459

  4. Wu A, Su C, Wang D, Peng Y, Liu M, Hua S, 
et al. Sequential reassortments underlie di-
verse influenza H7N9 genotypes in China. 
Cell Host Microbe. 2013;14:446–52. http://
dx.doi.org/10.1016/j.chom.2013.09.001

  5. Lam TT, Wang J, Shen Y, Zhou B, Duan L,  
Cheung CL, et al. The genesis and source of 
the H7N9 influenza viruses causing human 
infections in China. Nature. 2013;502:241–
4. http://dx.doi.org/10.1038/nature12515

  6. Cui L, Liu D, Shi W, Pan J, Qi X, Li X, 
et al. Dynamic reassortments and genetic 
heterogeneity of the human-infecting in-
fluenza A (H7N9) virus. Nat Commun. 
2014;5:3142. http://dx.doi.org/10.1038/
ncomms4142

  7. Tamura K, Peterson D, Peterson N,  
Stecher G, Nei M, Kumar S. MEGA5: 
Molecular Evolutionary Genetics Analy-
sis using maximum likelihood, evolution-
ary distance, and maximum parsimony 
methods. Mol Biol Evol. 2011;28:2731–9. 
http://dx.doi.org/10.1093/molbev/msr121

Address for correspondence: Changwen Ke, 
Guangdong Provincial Center for Disease 
Control and Prevention, No.160, Qunxian 
Rd, Dashi Town, Panyu District, Guangzhou 
City, Guangdong Province, China; email: 
kechangwen@cdcp.org.cn

Carbapenem-
Resistant 

Enterobacter 
cloacae Isolates 
Producing KPC-3, 

North Dakota, USA
To the Editor: Carbapenem-

resistant Enterobacteriaceae (CRE) 
continue to emerge as a serious public 
health threat throughout the world (1). 
CRE infections in the United States 
are often mediated by acquisition of 
Klebsiella pneumoniae carbapen-
emase (KPC) expressed by Klebsiella 
spp., although KPC is also found in 
other genera (2). The spread of KPC-
producing, gram-negative bacteria in 
hospitals has been linked to severity 
of illness, co-existing medical condi-
tions, exposure to antimicrobial drugs, 
and need for chronic care (3).

After reporting of CRE ifections 
to the North Dakota Department of 
Health became mandatory in 2011, a 
total of 20 CRE cases were noted in 
12 of 53 counties (2.9 cases/100,000 
population [4]). Most cases involved 
infection with Enterobacter cloacae 
and occurred in Cass County, where 
the state’s largest city, Fargo, is locat-
ed. We describe an outbreak of clonal 
carbapenem-resistant E. cloacae in a 
health care system in Fargo.

Sanford Health is a 583-bed, 
acute-care facility, representing ≈70% 
of acute-care beds in Fargo. The hos-
pital handles >27,000 admissions/
year and serves as a referral center for 
a large area of the state, and the only 
long-term acute-care (LTAC) facility 
in the eastern half of the state oper-
ates on its campus. During December 
2011–December 2012, all isolates 
of Enterobacteriaceae with reduced 
susceptibility to ertapenem (MIC ≥1 
µg/mL) identified at the hospital’s 
clinical microbiology laboratory were 
screened for carbapenemase produc-
tion by using the modified Hodge 
test (mHT), according to Clinical 
and Laboratory Standards Institute 

recommendations (5). Identification 
and susceptibility testing were done 
with the MicroScan system (Siemens 
Healthcare Diagnostics, Tarrytown, 
NY, USA); MICs of carbapenems 
were confirmed with Etest (bioMéri-
eux, Durham, NC, USA). Three car-
bapenem-resistant E. cloacae isolates 
from documented cases of CRE infec-
tion at the hospital during 2010 were 
analyzed for comparison.

To characterize carbapenem-re-
sistant and mHT-positive isolates, we 
used PCR to amplify and sequence 
the carbapenemase genes blaIMP, 
blaNDM, blaVIM, and blaKPC by using es-
tablished methods (6). The upstream 
sequence of blaKPC-positive strains 
was analyzed to determine the iso-
form of the transposon Tn4401 that 
harbored blaKPC (7). We investigated 
genetic similarity among isolates by 
repetitive sequence-based PCR; iso-
lates with >95% similarity were con-
sidered clonal (6). We also sequenced 
the highly conserved hsp60 gene (8) 
and attempted conjugative transfer 
of the blaKPC gene by growing KPC-
producing E. cloacae along with  
sodium azide–resistant Escherichia 
coli J-53. As part of the study, we 
examined records of patients from 
whom carbapenem-resistant E. cloa-
cae was isolated. The study was ap-
proved by the Institutional Review 
Board at Sanford Health.

During December 2011–Decem-
ber 2012, a total of 19 single-patient 
E. cloacae isolates and 1 E. aerogenes 
isolate had positive mHT results. blaKPC 
was detected in 17 of the 19 E. cloa-
cae isolates and in the 3 carbapenem-
resistant E. cloacae isolates from 2010. 
For all 20 of those isolates, sequencing 
revealed blaKPC-3 in association with 
isoform d of the transposon Tn4401, 
and all isolates were clonally related 
(Figure). All 20 isolates also had an 
identical hsp60 sequence belonging to 
cluster VI in the Hoffman and Roggen-
kamp scheme (8). Conjugation of a 
blaKPC-containing plasmid into E. coli 
J-53 was successful for 1 strain. 
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