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During 2001–2014, predominant influenza A(H1N1) and 
A(H3N2) strains in South America predominated in all 
or most subsequent influenza seasons in Central and  
North America. Predominant A(H1N1) and A(H3N2) 
strains in North America predominated in most subse-
quent seasons in Central and South America. Sharing 
data between these subregions may improve influenza 
season preparedness.

During 2002–2008, infection with influenza viruses 
caused 40,880–160,270 deaths each year throughout 

the Americas (1). To prevent illness and death, medical 
staff in 35 countries throughout the Americas administer 
influenza vaccines (2). However, producing the vaccine 
takes ≈6 months, and selecting virus strains necessitates 
assessing which strains are likely to predominate during 
upcoming epidemics (3).

Surveillance for influenza has improved dramati-
cally, especially in the American tropics (4). Neverthe-
less, it remains unclear whether virus strains identified 
in North America subsequently become predominant  
in South America and vice versa (3). Such information 
could help public health officials in each hemisphere pre-
pare for upcoming influenza seasons. We describe influ-
enza epidemics in North, Central, and South America  
and explore whether the virus strains that caused them  
were similar.

The Study
We obtained the number of respiratory swabs tested 
throughout each year and the number that were positive 
for influenza virus from the Global Influenza Surveillance 
and Response System (5). Data from Canada, Mexico, and 
the United States (population 458 million) collected during 

2002–2013 were aggregated to represent North America; 
data from Belize, Costa Rica, El Salvador, Guatemala, 
Honduras, Nicaragua, and Panama (population 42 mil-
lion) to represent Central America; and data from Argen-
tina, Brazil, Chile, Paraguay, and Uruguay (population 262 
million) to represent South America (6). We obtained an-
tigenic characterization data from the Centers for Disease 
Control and Prevention (Atlanta, GA, USA).

We determined the proportion of respiratory speci-
mens that tested positive for influenza virus each month 
in North, Central, and South America and then determined 
the annual median for each subregion; months in which 
the proportion exceeded the annual median were consid-
ered epidemic (7). The timing and length of epidemics in 
each subregion were also explored, and the proportion of 
samples testing positive for influenza virus was used as a 
proxy for epidemic severity. Antigenic virus strains were 
defined as predominant if they made up the largest propor-
tion of positive samples by type or subtype during an influ-
enza season.

We assessed whether predominant virus strains identi-
fied in South America were subsequently identified in Cen-
tral and North America and whether strains identified in 
North America were subsequently identified in Central and 
South America. We also investigated whether predominant 
strains were represented by components of available South-
ern or Northern Hemisphere vaccine formulations.

During 2002–2013, South America reported 877,770 
influenza-positive respiratory samples (2.8/10,000 
persons/y) and North America 4,535,508 results (9.0/10,000 
persons/y) to the Global Influenza Surveillance and Re-
sponse System (5). During 2006–2013, Central America 
reported 82,163 results (2.4/10,000 persons/y). In each sub-
region, the number of reports increased during the study 
period (p = 0.02). During 2006–2013, the Centers for Dis-
ease Control and Prevention analyzed 2,971 samples from 
South America, 1,279 from Central America, and 25,127 
from North America for antigenic characterization.

In South America, influenza epidemics started in April, 
in Central America in June, and in North America in De-
cember. With the exception of 2 (25%) of 8 years in Cen-
tral America and 2 (17%) of 12 years in South America, 
when there was 1 southern temperate winter epidemic and a 
smaller northern temperate winter epidemic, all subregions 
had 1 annual influenza epidemic that lasted ≈5 months.

The predominant influenza A(H1N1) virus strains in 
South America predominated in 9 of 9 subsequent seasons 
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in Central America and 12 (92%, 95% CI 78%–107%) 
of 13 subsequent seasons in North America (Table 1; on-
line Technical Appendix, http://wwwnc.cdc.gov/EID/
article/21/7/14-0788-Techapp1.xlxs). Similarly, A(H3N2) 
virus strains in South America predominated in all 11 (92%, 
95% CI 76%–107%) of 12 subsequent seasons in Central 
America and 10 (71%, 95% CI 48%–95%) of 14 subsequent 
seasons in North America. Predominant influenza B virus 
strains in South America only predominated in 8 (67%, 95% 
CI 40%–93%) of 12 subsequent seasons in Central America 
and 8 (57%, 95% CI 31%–83%) of 14 subsequent seasons 
in North America. Virus strains in South America during 1 
season typically did not predominate in subsequent seasons 
in South America (54%, 95% CI 38%–70%).

The predominant A(H1N1) virus strains in North 
America predominated in 7 (78%, 95% CI 51%–105%) of 9 
subsequent seasons in Central America and 10 (83%, 95% 
CI 62%–104%) of 12 subsequent seasons in South Ameri-
ca. A(H3N2) virus strains in North America predominated 
in 8 (67%, 95% CI 40%–93%) of 12 subsequent seasons 
in Central America and 10 (77%, 95% CI 54%–100%) of 
13 subsequent seasons in South America. Influenza B virus 
strains in North America predominated in 9 (75%, 95% CI 
51%–100%) of 12 subsequent seasons in Central America 
and 7 (54%, 95% CI 27%–81%) of 13 subsequent seasons 
in South America. Virus strains that predominated in North 
America during 1 season were less likely to predominate 
in the subsequent season in North America (62%, 95% CI 
46%–77%).

At least 1 component of the Southern Hemisphere vac-
cine composition recommendations matched a predominant 

antigenic characterization in South America in 13 (93%, 
95% CI 79%–106% of 14 influenza seasons that occurred 
during 2001–2014, and at least 1 component of the North-
ern Hemisphere vaccine composition recommendations 
matched a predominant antigenic characterization in North 
America in all 14 influenza seasons that occurred during 
2001–2014. Of 33 predominant antigenic virus strains 
identified in Central America during 2002–2014, 21 (64%, 
95% CI 47%–80%) matched the Southern Hemisphere rec-
ommendations and 24 (73%, 95% CI 58%–88%) matched 
the Northern Hemisphere recommendations (Table 2).

Conclusions
Our findings suggest that virus strains identified during 
influenza epidemics in South America typically became 
predominant in subsequent epidemics in Central and North 
America. Almost as frequently, virus strains identified 
during epidemics in North America became predominant 
in the subsequent Central and South America epidemics. 
Although strain selection for 1 hemisphere’s vaccine for-
mulation typically occurs before influenza activity is wide-
spread in the opposite hemisphere, health officials have an 
opportunity to anticipate which influenza virus strains may 
predominate by observing activity in other subregions. For 
example, influenza A(H1N1)pdm09 virus predominated in 
Brazil during 2013 (8) and became predominant in North 
America during 2013–2014. Health officials identifying 
influenza B virus strains in 1 hemisphere would have cor-
rectly predicted the predominant influenza B virus strains 
in the opposite hemisphere only half of the time unless they 
had also examined other co-circulating influenza B virus  

 

 
Table 1. Most	commonly	identified	antigenic	characterizations	of	influenza	strains	in	the	Americas	during	2001–2014*† 

Year 
Influenza	A(H1N1)	virus 

 
Influenza	A(H3N2)	virus 

 
Influenza	B	virus 

South Central North South Central North South Central North 
2001 A NA A  A NA A  A NA B‡ 
2002 A NA A  A NA A  B B B 
2003 A NA A  A B B‡  B NA C‡ 
2004 NA NA A  B B C‡  C C C 
2005 A NA A  C C C  D‡ E‡ D 
2006 A A A  D‡ D D  E D/E D 
2007 A A B‡  E‡ E E  F‡ F F 
2008 C‡ C C  E E E  F F G‡ 
2009 D‡ D D  E E F‡  F G G 
2010 D D D  F F F  G G G 
2011 D D D  F F F  G G G 
2012 D D D  F F F  H‡ G H 
2013 D D D  G‡ G H‡  G I‡ I 
2014 D D D  H H H  I I I 
*Data	from	Canada,	Mexico,	and	the	United	States	were	aggregated	to	represent	North	America;	data	from	Belize,	Costa	Rica,	El	Salvador,	Guatemala,	
Honduras,	Nicaragua,	and	Panama	to	represent	Central	America;	and	data	from	Argentina,	Brazil,	Chile,	Paraguay,	and	Uruguay	to	represent	South	
America. 
†For	influenza	A(H1N1)	virus,	A,	A/New	Caledonia/20/99(H1N1);	B,	A/Solomon	Islands/03/2006(H1N1);	C,	A/Brisbane/59/2007(H1N1); D,	
A/California/07/2009-(H1N1)pdm09.	For	influenza	A(H3N2)	virus,	A,	A/Panama/2007/99(H3N2);	B,	A/Fujian/411/2002(H3);	C,	
A/California/07/2004(H3N2);	D,	A/Wisconsin/67/2005(H3N2);	E,	A/Brisbane/10/2007(H3N2);	F,	A/Perth/16/2009(H3N2);	G,	A/Victoria/361/2011(H3N2);	
H,	A/Texas/50/2012(H3N2).	For	influenza	B	virus,	A, B/Sichuan/379/99(YAM); B, B/Shandong/7/97(VIC); C, B/Shanghai/361/2002(YAM); D, 
B/Malaysia/2505/2005(VIC); E, B/Florida/07/2004(YAM); F, B/Florida/04/2006(YAM); G, B/Brisbane/60/2008(VIC); H, B/Wisconsin/01/2010(YAM) I, 
B/Massachusetts/02/2012(YAM). NA,	not	applicable. 
‡Newly	identified	strain	(8	in	South	America,	2 in	Central	America,	and	8 in	North	America). 
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strains. Nevertheless, such findings underscore the impor-
tance of year-round surveillance, viral characterization, 
data sharing, and annual influenza vaccination.

Our analyses are based on a convenience sample of 
respiratory specimens obtained from heterogeneous sur-
veillance systems using different diagnostic assays (e.g., 

 
Table 2. Most	commonly	identified	antigenic	characterizations	of	influenza	strains	in	Central	America	compared	with	composition	of	
Southern	and	Northern	hemisphere	vaccines,	2002–2014* 

Predominant	strains	in	Central	
America 

South	America	vaccine	
composition 

Matched	
southern	
vaccine 

North	America	vaccine	
composition 

Matched	
northern	
vaccine 

2002     
 A/New	Caledonia/20/99(H1N1)-like NA A/New	Caledonia/20/99(H1N1)-like NA 
 A/Moscow/10/99(H3N2)-like NA A/Moscow/10/99(H3N2)-like NA 
 B/Shandong/7/97(VIC) B/Sichuan/379/99-like – B/Hong	Kong/330/2001-like – 
2003     
 A/Fujian/411/2002(H3)-like A/New	Caledonia/20/99(H1N1)-like NA A/New	Caledonia/20/99(H1N1)-like NA 
 A/Moscow/10/99(H3N2)-like – A/Moscow/10/99(H3N2)-like – 
 B/Hong	Kong/330/2001-like NA B/Hong	Kong/330/2001-like NA 
2004     
 A/New	Caledonia/20/99(H1N1)-like NA A/New	Caledonia/20/99(H1N1)-like NA 
 A/Fujian/411/2002(H3)-like A/Fujian/411/2002(H3N2)-like + A/Fujian/411/2002(H3N2)-like + 
 B/Shanghai/361/2002(YAM) B/Hong	Kong/330/2001-like – B/Shanghai/361/2002-like + 
2005     
 A/New	Caledonia/20/99(H1N1)-like NA A/New	Caledonia/20/99(H1N1)-like NA 
 A/California/07/2004(H3N2)-like A/Wellington/1/2004(H3N2)-like – A/California/7/2004(H3N2)-like + 
 B/Florida/07/2004(YAM) B/Shanghai/361/2002-like – B/Shanghai/361/2002-like – 
2006     
 A/New	Caledonia/20/99(H1N1)-like A/New	Caledonia/20/99(H1N1)-like + A/New	Caledonia/20/99(H1N1)-like + 
 A/Wisconsin/67/2005	(H3N2)-like A/California/7/2004(H3N2)-like – A/Wisconsin/67/2005	(H3N2)-like + 
 B/Malaysia/2505/2005(VIC) B/Malaysia/2506/2004-like + B/Malaysia/2506/2004-like + 
2007     
 A/New	Caledonia/20/99(H1N1)-like A/New	Caledonia/20/99(H1N1)-like + A/Solomon	Is/3/2006	(H1N1)-like – 
 A/Brisbane/10/2007	(H3N2)-like A/Wisconsin/67/2005(H3N2)-like – A/Wisconsin/67/2005	(H3N2)-like – 
 B/Florida/04/2006(YAM) B/Malaysia/2506/2004-like – B/Malaysia/2506/2004-like – 
2008     
 A/Brisbane/59/2007(H1N1)-like A/Solomon	Is/3/2006(H1N1)-like – A/Brisbane/59/2007	(H1N1)-like + 
 A/Brisbane/10/2007(H3N2)-like A/Brisbane/10/2007(H3N2)-like + A/Brisbane/10/2007	(H3N2)-like + 
 B/Florida/4/2006(YAM) B/Florida/4/2006-like + B/Florida/4/2006-like + 
2009     
 A/California/7/2009(H1N1)-like A/Brisbane/59/2007(H1N1)-like – A/Brisbane/59/2007	(H1N1)-like – 
 A/Brisbane/10/2007(H3N2)-like A/Brisbane/10/2007(H3N2)-like + A/Brisbane/10/2007	(H3N2)-like + 
 B/Brisbane/60/2008(VIC) B/Florida/4/2006-like – B/Brisbane/60/2008-like + 
2010     
 A/California/7/2009(H1N1)-like A/California/7/2009(H1N1)-like + A/California/7/2009	(H1N1)-like + 
 A/Perth/16/2009(H3N2)-like A/Perth/16/2009(H3N2)-like + A/Perth/16/2009	(H3N2)-like + 
 B/Brisbane/60/2008(VIC) B/Brisbane/60/2008-like + B/Brisbane/60/2008-like + 
2011     
 A/California/7/2009(H1N1)-like A/California/7/2009(H1N1)-like + A/California/7/2009	(H1N1)-like + 
 A/Perth/16/2009(H3N2)-like A/Perth/16/2009(H3N2)-like + A/Perth/16/2009	(H3N2)-like + 
 B/Brisbane/60/2008(VIC) B/Brisbane/60/2008-like + B/Brisbane/60/2008-like + 
2012     
 A/California/7/2009(H1N1)-like A/California/7/2009(H1N1)pdm09-

like 
+ A/California/7/2009(H1N1)pdm09-

like 
+ 

 A/Perth/16/2009(H3N2)-like A/Perth/16/2009(H3N2)-like + A/Victoria/361/2011(H3N2)-like – 
 B/Brisbane/60/2008-like(VIC) B/Brisbane/60/2008-like + B/Wisconsin/1/2010-like – 
2013     
 A/California/7/2009(H1N1)-like A/California/7/2009(H1N1)pdm09-

like 
+ A/California/7/2009(H1N1)pdm09-

like 
+ 

 A/Victoria/361/2011(H3N2)-like A/Victoria/361/2011(H3N2)-like + A/Victoria/361/2011 + 
 B/Massachusetts/02/2012(YAM) B/Wisconsin/1/2010-like – B/Massachusetts/02/2012-like + 
2014     
 A/California/07/2009(H1N1)pdm09- 
 like 

A/California/7/2009	(H1N1)pdm09-
like 

+ A/California/7/2009(H1N1)pdm09-
like 

+ 

 A/Texas/50/2012(H3N2)-like	GP A/Texas/50/2012	(H3N2)-like + A/Texas/50/2012(H3N2)-like + 
 B/Massachusetts/02/2012(YAM) B/Massachusetts/2/2012-like + B/Massachusetts/2/2012-like + 
Total	percentage	matching	strains 64%  73% 
*Values	are	proportions	of	occurrences	when	predominant	strains	are	represented	in	each	vaccine	formulation.	+,	match;	–,	no	match;	NA,	influenza	type	
not among predominant	circulating	strains;	Solomon	Is,	Solomon	Islands. 
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PCR and immunofluorescence) and then aggregated by 
subregion. These samples may not be geographically 
representative. Additional data will be needed to deter-
mine whether the characteristics of 1 subregion reliably 
predict influenza epidemics in another. New viral strains 
that appear might be introduced from outside the Ameri-
cas (3).

In summary, health officials in North and Central 
America may find clues about which influenza A vi-
rus strains are likely to predominate during an upcoming 
season by observing which were predominant in South 
America and vice versa. Our findings underscore the need 
to share timely and representative specimens with World 
Health Organization Collaborating Centres. In the future, 
shorter vaccine production times using novel technology 
might facilitate matching vaccine composition more close-
ly to circulating virus strains.
This paper is dedicated to the memory of Alexander Klimov.

Dr. Azziz-Baumgartner works at the US Centers for Disease 
Control, Influenza Division, collaborating with the Pan American 
Health Organization and its member countries. His research inter-
ests are surveillance improvements, disease and economic burden 
studies, and influenza vaccine impact studies.
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